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JIEKTPOHHASA MUKPOCKOMNUA
B HAYYHbDIX UCC/IEAOBAHUAX
W ObPA3OBAHUU
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HauwmoHanbHbIV UcceaoBaTe/IbCKUN TeEXHOI0rM4ecKum
yHuBepcutet "MUCKC" (MockBa), 0ANH U3 BeayLumX
pOCCMACKUX 06pa3oBaTe/ibHbIX M HAy4YHbIX LLeHTPOB, YXXe
HEeCKO/IbKO JecsATUIeTUI peanunsyeT ucciefoBaTesbckue
nporpamMmbl B 06/1aCTU HAHOTEXHOJIOrUI U TOTOBUT
CrneumManuncTosB, B TOM YUC/E 471 HAHOMHAYCTPUN.
Hecny4aHO MM@HHO HAHOTEXHOJ/I0MMU U HOBbIe
MaTepuasibl 0603Ha4YeHbl Kak OAHA U3 MPUOPUTETHbBIX
TeMaTuK B Mporpamme pasButus yHMBepcuTeTa Ha
2009-2017 roppl, yTBEepXAeHHOM MpaBUTeNbcTBOM PO.
[ns ycnewHoro BbiNoJIHEHUS 3TOM U ApYrux
nNpaBUTENbCTBEHHbIX Nporpamm B HUTY "MUCKC"
60/1bLIOE BHUMAHWE YAENSAeTCS YYYLIEHMIO TEXHUYECKOro
OCHALLEeHUSl HAY4YHOM 1 y4e6HOM AeaTe/IbHOCTH,

B YaCTHOCTU CO3AAKOTCSA HOBble TabopaTopuu.

Sl UHTePEeCHBIX IIPOEeKTOB M0 CO3[4aHHUI0 Hay4-

HBIX U y4eb6HbIX 1abopaTopuil B HUTY "MUCuC"

peann30BaHBl B COTPyAHUYECTBE C KOMIIAaHHEH
Tokyo-Boeki, mocTaBmuKoM B POCCHIO H3MepPUTEb-
HOT'0 U TeXHoJIorn4ecKoro obopynoBanus JEOL, Sps,
Yamato, Rigaku, Ulvac. Tak, SmoHCKHe 3JIeKTPOHHEBIEe
MHUKPpOCKOIIE JEOL ycIenrHo KMCII0/Jb3YIOTCS B Iep-
CIIeKTHBHBIX MCC/IeOBAHUAX HEOPTaHMYEeCKHUX HaHO-
MaTepHaJIOB, a TAaKKe B y4eOHOM ITpoliecce.

JNIABOPATOPUA HEOPTAHUYECKMX HAHOMATEPWUAIOB
B 2010 rogy mpaBHUTE/JIbCTBO CTPAHBI IIPUHSJIO II0CTA~
HOBJIEHHE 0 Mepax I10 IIPUBJIeYeHHIO BeyIIHX YUeHBIX
B POCCHMCKHeE BY3bl, COITIACHO KOTOPOMY Ha KOHKYPCHOH
OCHOBe [J151 IPOBeleHU I HayYHBIX HCCIeJOBAHUU BhIfe-
JISIFOTCSL PAHTHI B pa3mepe 10 150 MyIH. pybiiert KaskIbIH.
OOMH U3 TaKUX IPAHTOB ObLI HallpaBjeH HAa OpPraHU-
3anuio B HUTY "MHCuC" nabopaTopuu Io HcClIefoBa-
HUIO HAaHOCTPYKTYP HUTPHa 60pa 1o HayYHBIM PyKo-
BOZ,CTBOM OHOTO M3 KPYIIHEHUIIHX B MUpe CIel[Halu-
CTOB B JAHHOM 00/1aCTH, AUPEKTOpa LeHTpPa HAHOTPY-
60k Me>KIyHapogHOrO [eHTpa HAHOAPXUTEKTOHUKHU
HanuoHaapHOr0 MHCTUTYTa MaTeprajoBeJeHus, IIPo-
deccopa yHuBepcuteTa Llyky6nl (SImoHMs) IMUTpUS
Tonpbepra.

HaHOCTPYKTypBl HUTpUA 60pa XapaKTepH3yTCs
BBICOKOM IIPOYHOCTBIO U XMMHYECKON CTabUIbHO-
CTBIO. B OT/IMYHe OT yIJIepoIHBIX HAHOTPYOOK, KOTOpBIe
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The National University of Science and Technology
MISIS (Moscow) is one of the leading Russian
educational and research centres. For several
decades it implements research programs in
nanotechnology and trains specialists, including,
for the nanotechnology industry. It is no coincidence
that nanotechnologies and new materials are
designated as one of the priorities in the University
Development Programme in 2009-2017 approved
by the Russian government. For the successful
fulfilment of the governmental programmes, MISIS
puts greater focus on improving the technological
infrastructure for the R&D and educational
activities, in particular, new laboratories are
established.

number of remarkable projects to develop

research and educational laboratories in MISIS

were accomplished in partnership with Tokyo-
Boeki, a supplier of the measurement and process
equipment of JEOL, Sps, Yamato, Rigaku, Ulvac.
Among their number, the Japanese JEOL electron
microscopes have been used successfully in advanced
research of inorganic nanomaterials as well as for the
educational process.

INORGANIC NANOMATERIALS LABORATORY

In 2010, the government adopted a decree on measures
to attract leading scientists to Russian universities,
according to which on a competitive basis the grants
of up to 150 million roubles each are appropriated for
research. One of these grants was allocated for MISIS
to set up a research laboratory to study boron nitride
nanostructures under the supervision of one of the
most prominent professionals in this field, director
of the Nanotubes Group of the Center for Materials
Nanoarchitectonics (MANA) of the National Institute for
Materials Science (NIMS), Professor of the University of
Tsukuba (Japan) Dmitry Golberg.

The nanostructures of boron nitride are characterized
by a high chemical stability and durability. In contrast
to carbon nanotubes, which begin to oxidise at 500-
600°C, the boron nitride nanotubes can withstand
heating up to 1100-1200°C, so they can be used at high



HAUHMHAIT OKUCIATHCS Ipu 500-600°C, HAaHOTPYOKHU
HUTpHAA bopa BBIIEPKUBAIOT Harpes 110 1100-1200°C, 1103-
TOMY HX MOKHO HCII0/Ib30BaTh B YCJIOBUSIX BBICOKHX TE€M-
nepatyp. JlONOMHUTE/IbHBIE ITPeUMYIecTBA HAHO06Db-
eKTOB M3 HUTPUJA 60pa, KOTOpble MOTyT 6bITh BOCTpe6o-
BaHBI, HAIIPLMep, B ITPOK3BOJICTBE 3NeKTPOHHBIX K OIITH-
YeCKUX KOMIIOHEHTOB: 3/IeKTPOU30JISILIHOHHBIE CBOM-
CTBa, BbICOKASI TEIJIOIIPOBOJHOCTD, HU3Kasl O THYEeCKas
IVIOTHOCTb.

JTabopaTopusi HeOPraHMUYECKUX HaHOMAaTepHasoB
B HUTY "MUCuC" Hauana pabory B okTsi6pe 2012 roga.
ITo cnoBaM 3aBenymolero naboparopueil mpodeccopa
Jmutpus HITaHCKOr0, OCHOBHOK KOMILIEKC paboT CBS3aH
C TIOTyYeHHeM BbICOKOITPOUHBIX CBEPX/IETKUX KOHCTPYK-
LIHOHHBIX MaTepHasoB IyTeM yIPOYHEHHS CIIaBOB
ANIOMHHUS HAHOCTPYKTypaMHU HUTpUJa b6opa. CHHTe3
HAHOCTPYKTYP BBIIIOTHSETCS 10 TEXHOJIIOTHH XUMUYe-
ckoro raszogasHoro ocaxxgeHus (CVD - chemical vapor
deposition) B peakTopax, KOoTopble OBUIH CIIeLIHAIBHO
CIIPOeKTHPOBAHbI U M3rOTOBJIEHBI 151 1abopaTOpUH.
B mpoliecce CHHTE30B MOJTYy4YalOTCSl HAHOCTPYKTYPHI pas3-
JIMYHOM MOPQOJIOTHH ~ OT HAHOTPYbOK, HaHOCep U rpa-
beHOOMOOHBIX IJIACTHH JI0 CJIOKHBIX TeOMeTPHUYECKHUX
dopm.

O6pasLbl KOMIIO3UIIMOHHBIX MaTepHUaloB U3TOTaB-
JTUBAIOT METOJAMHU TOPSYero IMpeccoBaHMs, UMITYIbC-
HOTO IJIa3MeHHOTI0 CIIeKaHMS UIU JIUThS U3 pacIljaBa.
ITocse mony4eHus obpasiia M3ydaeTcs ero CTPyKTypa
Y MeXaHHYecKHe CBOMCTBA. YsKe IepBble OIBITHI [T0Ka-
3aJIM, YTO IIPOYHOCTh APMHUPOBAHHBIX HAHOTPYOKAMU
HUTPHJA 60pa KOMIIO3UIIMOHHBIX MAaTepPHa/IoB 3HAUU-
TeJIbHO BhIIIE, YeM y 6a30BOro aTIOMHHHEBOrO CILIABA.
[To Mepe COBepIIEHCTBOBAHHUS KOMIIO3UTOB UX IIPOY-
HOCTB fgocturia 350 MIla, 4To COIIOCTAaBUMO C IIPOYHO-
CTBIO MAJIOYITIEPOJUCTOM CTA/IH, IIPU STOM MaTepHall
OKa3bIBaeTCs B TPU pa3a jerde. Ho, o MHeHHIO COTPY/I-
HUKOB 1ab0paTOpUH, U 3TO 3HAUEHHe — Ja/IeKO He ITpefiest
BO3MOXKHOTO.

HoBoe HampaBlIeHHe HCCIeflOBAaHUM nabopaTo-
pHH - IPUMeHEeHHe Pa3TMYHbIX BU/IOB HAHOCTPYKTYP
HUTpUJA 60pa B MefHLIMHEe U 6HOMOTHHU. B YacTHO-
CTH, BeCbMa IePCIIeKTUBHBIM CUUTAETCSI HUCIIONb30Ba-
HHe HaHocdep C JIeKapCTBeHHBIMU IpellapaTaMu s
JIeYeHHU I OHKOJIOTHYeCKUX 3aboneBanHui. 1. IIITaHCKHUH:
"TIpobeMa 610IOrM4eCcKOk COBMECTHMOCTH HaHOOOBeK-
TOB M3 HUTpH/Ia 60pa [10Ka OTHOCUTE/IBHO MaJIo M3yUeHa,
HO eCTh IaHHBIe, YTO TaKOK COBMEeCTHUMOCTH MOKHO
nobuthbcs. BaskHo, 4TO HaHOCOepEl U3 HUTpUAA bopa
OTBe4aloT TpebOBaHUSM K pa3MepaM 06 beKTOB, KOTOPhIE
MOTYT IIOIJIOIAThCS PAKOBBIMU K/I€TKAMHU .

Ocoboe HampaBieHHe paboTkl 1abopaTopuu - pas3pa-
60TKa TeXHOIOT U CHHTe3a HAHOCTPYKTYp HUTpUAA 6opa,
KOTOpBI@ IT03BOTK/IN 6Bl HAJTAZUTh UX IIPOM3BOACTBO
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[Tonesol IMUCCUOHHbIU pacmpoebili 3AEKMPOHHbIU
mukpockon JEOL JSM 7600F
Field-emission scanning electron microscope JEOL JSM 7600F

temperatures. Some more advantages of the boron
nitride nanostructures, which can be in demand, e.g.
in the production of electronic and optical components
are the electrical insulation properties, high thermal
conductivity and low optical density.

The Inorganic Nanomaterials Laboratory in MISIS
started operate in October 2012. According to the
Laboratory Head Professor Dmitry Shtansky, the main
scope of researches is related with obtaining high-
strength ultralight structural materials by reinforcement
of aluminium alloys by boron nitride nanostructures. A
synthesis of nanostructures is performed by chemical
vapour deposition techniques (CVD) in reactors specially
designed and manufactured for the laboratory.
During the synthesis, the nanostructures of different
morphologies are obtained, from nanotubes, nano-
spheres and graphene-like plates to complex geometric
shapes.

The samples of composite materials are produced by
hot pressing, pulsed plasma sintering or casting from
the melt. After obtaining a sample, its structure and
mechanical properties will be studied. Already first
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B 60/1bIIMX 00BbeMax. PellleHHe 3TOM MIPOOIeMBL — OHO
13 HeoOXOAKMMBIX YC/IOBUH [J1s1 Hauasla MM POKOro IIpo-
MBIIIJIEHHOTO MCII0/Ib30BaHUSI HAHOCTPYKTYP HUTPUAA
6opa B MeTaJUTypruu, MeJULIMHE U PYTHX 00/1acTsX.

JlabopaTopust HeOpraHUYeCKUX HaHOMAaTepHaJIOB
OCHallleHa COBpeMeHHBIM 060pyZIoBaHHeM /ISl CUHTe3a
HaHOCTPYKTYP, METa//TyprudecKUM, H3MepUTeTbHbIM
Y aHAJIUTHUYeCKUM. [11 MOpPOIOrMiecKoro aHaI13a
HaHOCTPYKTYP U 06pa31i0B KOMIIO3UITHOHHBIX MaTepHa-
JIOB IIPUMEHSIETCS PACTPOBBIH 3/IEKTPOHHBIH MUKPOCKOI
JEOL JSM 7600F. ITpubop, 0CHAIEHHBIN TEPMO3MHCCHOH-
HOH 3/1eKTPOHHOM ITyIIKOM, MOXKeT paboTaTh C yCKOPSIIo-
KM HarpsiskeHHeM oT 0,5 10 30 KB 1 obecrieunBaeT pas-
pemeHue MeHee 1 HM (1,0 HM IIPH YCKOPSIIOIEM HAIIpsi-
>KeHUH 15 KB). IIpHUcTaBKa /151 3HeProJuCIepCOHHOI0
MUKpoaHanu3a JED-2300F rmo3BossieT BBIIIOIHATD Kaye-
CTBeHHBIM X KOJTMYeCTBEHHBIM aHAJ/IM3 COCTaBa TBeP/O-
TeJIBHBIX CTPYKTYP.

"JlabopaTopuu TpeboBascs 371eKTPOHHBIK MHKPO-
CKOII, KOTOpPHIX Obl obecmeurBan OBICTPHIN CKPH-
HUHT 60JIBIIOro YKcIa 06beKTOB C BBICOKMM paspelle-
HUeM U 60/1bII0M I1y6HMHOM Pe3KOCTH, ~ pacCKa3bIBaeT
[. llTanckuM. - [IpaKTHKaA IOKa3ala, YTO MBI CHe-
JIaJIu ONITUMAJIBHBII BBI6OP: 611aromapst BEICOKOH CKO-
poctu aHanwu3a B JEOL JSM 7600F MBI eskeJHeBHO KOH-
TPOJIMPYyeM pe3y/lbTaThl HECKOJIBKUX BBIIIONHSEMBIX
B [Iapajlle/IbHOM PesKKMe CUHTe30B. ba3oBble QyHKIIMHU
MMKPOCKOIIa OCBOMIIH OBICTPO - ¢ TpubopoM paboTaoT
HECKOJIBKO OIIepaTOpOB, KOTOPbIe ITOCTOSIHHO 06MeHHBa-
I0TCS1 OIIBITOM JIPYT C IPyroM".

HccnemoBaHUS Ha 371eKTPOHHOM MHUKPOCKOIIe HAHO-
06beKTOB 13 HUTpHUZA 60pa He TPebyIOT CIOKHOL IIPO-
BOIIOATOTOBKH M SKCK/IIO3MBHBIX METOLUK, BMeCTe C TeM
PYTHHHBIMHU KX He Ha30Belllb: B YaCTHOCTH, BO3HU-
KaIOT IIpo6JIeMBl, CBSI3aHHBIE C 3aPsIKOK IIOBEPXHOCTH.
[TocnenHsis pemaeTcs 6narogapst paspaboranHor JEOL
dyukuuu Gentle Beam, kxoTopas mo3BosnsietT 6e3 yMeHb-
IIeHHs Pa3pelleHUs CHHXKATh YCKOPsolllee HaIlpsike-
Hue 10 0,5-2,0 KB ¥ MUHUMU3HPYeT HeTaTHBHOE BJIH S~
HUe 3apsIIKK Ha Ka4eCTBO H300paskeHHU .

Jl7151 U3TOTOB/IeHH ST 06pa3I[0B HAHOKOMITIO3UTOB TaKKe
HCIIOB3yeTcsl 060pynoBaHUe, YyCTAHOBIEHHOE B APY-
rux 1abopaTopusix yHUBEPCUTETA, HAIIPUMep CUCTeMa
HUCKPOBOTO IIa3MeHHOro crekaHus (Spark Plasma
Sintering) Labox 650 mpor3BoACTBA SIIOHCKOM KOMIIa-
Huu Sinter Land. MckpoBoe I1a3MeHHOe ClleKaHHe ITPo-
BOJHTCS B BaKyyMe II0J] AABJIeHHeM /10 6 TOHH IIyTeM
IpONycKaHUs Toka 6o0mbuIoi cuisl (5000A). Takxke
MMeeTCs BO3MOKHOCTb UCIIONb30BAHUS HHEPTHOIO
rasa, a pabouas TeMriepaTypa MOXKeT JOCTHUTaTh 2400°C.
YcTaHOBKa obecriedrBaeT paBHOMEPHOe CIIeKaHHe O HO-
POIHBIX K PA3HOPOAHBIX MaTepHaoB C BblIIapUBaHHEM
IIpUMecell IPM MUHUMAJIBHOM POCTe 3epHa.
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Mpogeccop Amumpuli LmaHckul, 3asedyrouuli Aabopamo-
puell "HeopzaHuveckue HaHoOMamepuanbl"

Professor Dmitry Shtansky, Head of the Inorganic nanomaterials
laboratory

experiments showed that the strength of the composite
materials reinforced by boron nitride nanotubes is
considerably higher than the strength of the base
aluminium alloy. With the improvement of composites,
their strength reached 350 MPa, which is comparable to
the strength of the low-carbon steel, at the same time
the new material is three times lighter. But, according
to the laboratory staff, this value can be significantly
improved.

A new area of researches of the laboratory is the use
of different types of boron nitride nanostructures in life
science. In particular, it is considered very promising to
use nanospheres with the medicines for the treatment
of cancer. D.Shtansky: "The problem of biocompatibility
of boron nitride nanostructures is still relatively poorly
researched but there is evidence that such compatibility
can be achieved. It is important that boron nitride
nanospheres meet the requirements in respect of size of
the objects that can be absorbed by the cancer cells".

The laboratory puts special emphasis on developing
technologies for the synthesis of boron nitride
nanostructures, which would ensure their production in
large quantities. A solution to this problem is one of the
necessary pre-conditions for the widespread industrial
use of boron nitride nanostructures in metallurgy,
medicine and other fields.

The inorganic nanomaterial laboratory has the state-
of-the-art metallurgical, measuring and analytical
equipment for the synthesis of nanostructures. For a
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Hanocmpykmypel Humpuda 6opa
Boron nitride nanostructures

MEXAYHAPOAHASA WKOJNA MUKPOCKOIMUU
YuebHO-Hay4YHBIN LIeHTP "MexAyHapogHas HIKoJIa
MuKpockonuu" (YHIIM) 6s171 co3naH B 2011 rony HUTY
"MHCuC" B maprHepcTBe ¢ Tokyo-Boeki. LleHTp siBiIsieTCs
6a30¥ 1151 IpOBefleHU s Hay4YHO-HCC/Ie/I0BATeTbCKUX
paboT, 0byueHUs CTyAeHTOB YHHUBEPCHUTETA, a TaKKe
OpraHH3yeT KOMMepuecKHe KyPChl IIPOdecCHOHATBHOM
IIOATOTOBKH /1 PabOTHI HA 3/IEKTPOHHBIX K aTOMHO-
CHJIOBBIX MHKPOCKOIIAX.

"Upess Cco3maHUS ILeHTpa MOSBHUIACH
B 2008 rofy, - pacckasbiBaeT AupekTop YHIIM IMUTpUI
JKyKoB. - JleQULIUT CIIeIIMaTHNCTOB, BIaJIONIKX COBpe-
MeHHBIMH METOJAMH HCC/IeIOBAHUM Ha 3/IeKTPOH-
HBIX U aTOMHO-CHJIOBBIX MHUKPOCKOIIaX, OYeBU/JIEH,
[I03TOMY MbI pa3paboTaniu obyualomire Kypcbl, KOTOpble
II03BOJISIIOT 33 HECKOJIBKO JHEl OBJIaJleTh U TeopeTHYe-
CKUMH 3HAHUSMH, 1 HaBBIKaMHU paboTel. B HacTosimee
BpeMs IIpe/iJIaraloTcsl TPH Kypca: 6a30Bble 0 pacTpo-
BOH U [IPOCBeYHBalOIIel 371eKTPOHHOM MUKPOCKOIIUU
Y PaCIIMpPeHHBIH 110 PaCTPOBOM 3JIeKTPOHHOM MUKPO-
ckonuu. TakKe 3aKaHUYMBAETCS MOATOTOBKA Kypca
10 aTOMHO-CHUJIOBOM MHKpocKomnuu. ObydaeM Bcex
KeJIaIolIMX, B TOM YHCJIe C Hy/sl. [oc/ie TPOXOXKaAeHU St
HMHTEHCHBHOM IO TOTOBKH I10 6a30BBIM KypCaM oIepa-
TOPBI MOTYT CAMOCTOSITeJIbHO paboTaTh Ha npubope, TO
eCTb YMEIOT I10JIy4aTh M306paskeHUs U UHTEPIIPEeTHPO-
BaTbh UX .

B YHIIM paboTaioT maTepo COTPYAHUKOB, Tpoe
W3 HHX — IIpernogaBaTenu. Kypchl pacCUMTaHBI Ha
40 axkageMHYeCKHX 4acoB 3aHSTHI, B KOTOPBIX
TEOpHUSl COUeTaeTCs C NPAaKTHUKOM, IIr0C 10 yacos

morphological analysis of nanostructures and composites
samples is used the Field Emission Scanning Electron
Microscope JEOL JSM 7600F. The device can be operated
with an accelerating voltage of 0.5 kV to 30 kV and provides
a resolution of less than 1 nm (1.0 nm at an accelerating
voltage of 15 kV). The attachment for energy-dispersion
microanalysis JED-2300F allows carrying out a qualitative
and quantitative analysis of the solid-state structures.

"The laboratory needed an electron microscope that
would provide rapid screening of a large number of
objects with high resolution and depth of field", says
Dmitry Shtansky. "Practice has shown that we have
made the best choice. Thanks to the high speed of
analysis in JEOL JSM 7600F, we daily control the results of
several syntheses, that run in parallel. We have quickly
mastered the basic functions of the microscope; the
instrument is run by several operators who constantly
exchange experiences with each other".

A study of boron nitride nanoobjects with an electron
microscope do not require any complicated sample
preparation procedures or techniques. However, they
can not be called routine, in particular, problems with
surface charging arise. The latters are resolved by the
Gentle Beam mode, which improved the resolution at an
extremely low accelerating voltage.

For manufacturing of nanocomposites samples is also
used equipment installed in other laboratories of the
University, e.g. the spark plasma sintering system Labox
650 produced by the Japanese company Sinter Land. Spark
plasma sintering occurs in vacuum at a pressure of up to
6 tons by passing high currents (5000A). There is also a
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CaMOIIOATOTOBKH KM UeThHIPeX4YaCOBOM 3K3aMeH.
BBRIIIYCKHUKHU I101y4alOT YAO0CTOBepPEeHHE O IIOBBI-
MeHUH KBAaTHUPHUKAIMHU HOBOro obpaslia M CepTH-
duxar omeparopa, mognucaHuey HUTY "MHUCucC"
u Tokyo-Boeki.

OcHOBHOe 060opymoBaHKe LIeHTpa ~ IPOCBEUNBAIO-
MUK 31eKTPOHHEHN MHUKpockon JEOL JEM 1400,
PaCTPOBBIH 3/1eKTPOHHBIN MUKpOcKoIl JEOL JSM 6610LV
M aTOMHO-CHJI0BOM MUKpocKorl AIST-NT Smart SPM 1000.
"MBI UCXOOUIIH U3 TOTO, YTO, C OLHOM CTOPOHBI, BO3-
MOYKHOCTH ITPHOOPOB JOTKHBI II03BOJISTH BBIIIOIHSITh
Hay4HBble UCC/Iel0BaHUS, C PYIOH CTOPOHBI, UX KOH-
CTPYKIL U JOMKHA ObITh HATIISIAHOM /1 IPOBeleHU s
obyueHHsI, - pacCKa3bplBaeT o BeIOOpe 060pymOBaHUS
Jl.KykoB. - IIpu BbIOOpe IMOCTABIIHKA YIUTHIBANICS
OOJIBIIOM TTOIOKUTETBHBIH OIIBIT UCII0B30BAHUS 060~
pyroBanus JEOL 1 mapTHepCKYe OTHOLIEHM S C KOMIIa-
Huel Tokyo-Boeki, koTopast paboTaeT B Halllel cTpaHe
1959 roma".

IIpocBeYHUBAWIKUK 3/71eKTPOHHBH MHKPOCKOI
JEM 1400 mMeeT paspemeHue 1o toukam 0,38 HM
U 10 THHUAM 0,2 HM IIpY MaKCHMaJIbHOM YCKOPSIO-
meM HanpsikeHUU 120 kB, MUHUMa/BHBIM JHAMETP
3JIEKTPOHHOIO ITy4YKa COCTaB/sgeT 50 HM, YTO I103BOJ/ISET

B MHKPOJIy9€BOM PE€KHME II0JIYyIHTb L[HCl)pa.KL[I/IOHHYIO =

KapTHUHY € 0671aCTH IPUMEPHO TaKOT0 3Ke ZHAMETPa.
PacTpoBHII 3/1eKTPOHHBIN MUKpOCKOI JSM 6610LV
YKOMIIJIEKTOBAH IIOJTHOCTBIO aBTOMAaTHU3HUPOBAH-
HOM 3/IeKTPOHHON NyuKoi ¢ W unu LaB6 kaTogaMH.
Braromapsi yHUKaAbHOH KOHJEHCOPHOM JIMH3e C Ilepe-
MeHHBIM QOKYCHBIM PacCTOSHHEM, pa3paboTaHHOM
dupmon JEOL, doKycHMpoBKa U IOJOXKeHHe II0Js

Cucmema UCKpOB8020 NAA3MeHH020 cnekaHus Labox 650
Spark plasma sintering system Labox 650
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Mpocseequsarowuli 3neKmpoHHbIU Mukpockon JEOL JEM 1400
Transmission electron microscope JEOL JEM 1400

possibility of using an inert gas, and the operational
temperature can reach 2400°C. The system provides
sintering of similar and dissimilar materials with
evaporation of impurities and a minimal grain growth.

INTERNATIONAL SCHOOL OF MICROSCOPY

Scientific Research Center "International School of
Microscopy” (SRCM) was established in 2011 by MISIS
in collaboration with Tokyo-Boeki. The Center is a base
for scientific research, teaching of University students,
and commercial courses on electron and atomic force
microscopy.

"The idea of establishing the center appeared in 2008",
says the director of the SRCM Dmitry Zhukov. "Deficiency
of specialists in electronic and atomic-force microscopy
is apparent; so we have developed training courses that
allow for mastering both theoretical knowledge and
practical skills for a few days. Currently three courses are
offered: basics of the scanning and transmission electron
microscopy and an advanced course in the scanning



JAmumput Xykos, dupekmop YHLIM, okono pacmposozo 3nex-
MpOHHO020 Mukpockona JEOL JSM 6610LV

Dmitry Zhukov, Director of the SRCM, near scanning electron
microscope JEOL JSM 6610LV

3peHMs Jake Ha O4eHb OOJBIIUX yBeTHUEeHUSX IIOA-
OepXKHBAIOTCS HeM3MeHHBIMH. MuKkpocKkom obec-
Ie4yrBaeT IMPOCTPAHCTBEHHOE pa3pelleHue 10 3 HM.
PaboTa BeseTCs MPH YCKOPSIOMUX HAINPSIKeHHUIX
ot 0,3 7o 30 kB. YcraHOBNneHHBIH B YHLIM MHKPOCKOI
YKOMIIJIEeKTOBaH SHeProJHUCIepCUOHHON IIPUCTaBKOM-
MuKpoaHanusaropoMm INCA SDD X-MAX mpou3BOA-
crBa Oxford Instruments 1 mporpaMMHBIM obecreye-
HueM INCA Energy A/is npoBefeHHs MUKPOaHalIK3a,
IIOCTPOeHM I NPOQHIIeH COCTABa, KaPT PacIpesie/leHUs
3JIEMEHTOB.

Yuebusiil Kiacc YHIIM ocHallleH HHTepaKTHUBHOU
LOCKOM, Ha KOTOPYIO BEIBOGUTCA Ta >Ke HHPOpMaLlus,
KOTOPYIO BUJIUT OII€PATOP PACIIONIOKEHHBIX B COCEIHUX
IoMeIeHuIX NprubopoB. CUCTeMBbI YIIPaBIeHUs IPU-
6opaMU HHTEIPHPOBAHBI B CETh, [I03TOMY K HUM BO3MO-
KeH ya/leHHbIH JOCTYII U3 1060k TOYKHU MHUPa.

"Kypcel, momobHble HamuM, B Poccuum - pep-
KOCTb, — KOHCTaTHUPYeT [I.JKyKoB. -~ CoueTaHHe TeOPeTH-
YeCKHUX U IPaKTHUeCKUX 3aHATHI obecrieurBaeT BBICO-
KyI0 3 PeKTHBHOCTb 00yUeHHU s, U MBI Pajibl IIPUIJIaA-
CHUTh B HAIIl B LIEHTP JKJIAIOIIMX CTATh CIIeLMaTKMCTAMHU
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electron microscopy. Also almost ready is the course in
atomic force microscopy. We educate everyone including
those from scratch. After passing intensive basic training
courses, operators can work independently on the device
meaning that they can obtain and interpret images".

The SRCM has five employees, three of them are
trainers. Courses are designed for 40 academic hours of
study combining theory and practice, plus 10 hours of
self-training and a four-hour exam. Craduates receive a
certificate of professional development and the operator’s
certificate signed by MISIS and Tokyo-Boeki.

The Center’s key equipment includes the transmission
electron microscope JEOL JEM 1400, scanning electron
microscope JEOL JSM 6610LV and atomic-force microscope
AIST-NT Smart SPM 1000. " We proceeded from the
fact that, on the one hand, the devices should allow
to perform research, on the other hand, their design
should be intelligible for training ", D.Zhukov explains
the choice of equipment. "When choosing a supplier,
the positive experience in using of JEOL equipment
and the partner relationships with Tokyo-Boeki, which
had worked in our country since 1959, was taken into
account”.

The transmission electron microscope JEM 1400 allow
to work with accelerating voltage up to 120 kv and high
resolution (point image of 0.38 nm and lattice image of
0.2nm). The minimum diameter of the electron beam is
50 nm, which allows obtaining in the microbeam mode
a diffraction pattern from an area of approximately the
same diameter.

The scanning electron microscope JSM 6610LV is
equipped with electron gun with W or LaB6 cathodes.
Due to the unique condenser lens with a variable focal
length developed by JEOL, the focus and position of
the visual field even at very high magnifications are
kept unchanged. The microscope provides a spatial
resolution of up to 3 nm. The unit for energy-dispersion
microanalysis INCA SDD X-MAX produced by Oxford
Instruments and INCA Energy software extends the
capabilities of the microscope.

A classroom of the SRCM is equipped with an
interactive whiteboard, which displays the same
information as the operator sees on the devices in
neighbouring premises. Instrument control systems are
integrated into a network thus making it possible for
the operator to have remote access from anywhere in the
world.

"The courses like ours in Russia are rare", says
D.Zhukov. "The combination of the theoretical and
practical lessons ensures a high efficiency of our
courses, and we are pleased to invite to our center
all those wishing to become experts in the field of
electron microscopy". u
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