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3amecmumerb Oupekmopa MHcmumyma ¢u3uku
no Hay4yHou pabome 8bICOKUX MexHoM02ull
MHcmumyma

Hepaspywarou,e2o

KOHMposis

HaceneHue nnaHeTbl ¢ KaXAbIM FOA0M YBEIMUMBAETCS, PECYPCbl OrpaHUYEHbI, BO3HUKaeT Heo6X0AUMOCTb
OCBOEHMSI HOBbIX HEGNaronpusATHLIX U CYPOBbIX TEPPUTOPHIA ANg YenoBeKka. (NOXKHOCTb OCBOEHUS U U3-
YUY€HUS Cpea, U TEPPUTOPUIA C SKCTPEMaIbHbIMU YCI0BUSMU (HU3KUE MU BbICOKME TeMMepaTypbl, BbICOKOE
OaBneHue, pagnauusa 1 Ap.) onpenensieTcs MHOXeCTBOM (paKTOpOB U AEMOHCTPUPYET YPOBEHb TEKYLLErO
TEXHONOTUYECKOrO pa3BUTUS YENOBEYECTBA. 3TO — KOCMUYECKOE NPOCTPAHCTBO C IKCTPEMalbHbIMU 3HaUe-
HUAIMK TeMnepaTyp U paguaumei, KpaitHuii CeBep co cBoeli cneumudPUKoi KnmmMaTuUeckuX ycioBUi, SHep-
reTuka, oco6eHHO aToMHasi, 06yc/0B/IeHHas! BbICOKMMM TeMnepaTypaMu U paauaLMOHHbIM BO3AEMNCTBUEM.
(DOYHKUMOHMPOBAHUE KOHCTPYKLMIA U U3LENNI B IKCTPEMANbHbIX YCI0BUAX NpeabsaBaseT ocobble Tpe6oBa-
HMS K CBOMCTBaAM MaTepuasioB, U3 KOTOPbIX OHU U3rOTOB/IEHbI.

CerooHs Hap co3LaHMeM HoOBeW-  paboTalT MHOrMe MUpOBble YHU-  YHuBepcuTeT [IKOHCA XonKWHCa,
WMX MaTepManoB U MOKPbITUA  BepcuTeTbl. B ux uncne — Maccauy-  CraHdopackuit M TOKUIACKUIA YHU-
AN KOCMOCA, aBMACTPOEHUS, M-  CETCKUI TEXHONOTMYECKUMA UHCTU-  BepcuTeTbl, MHCTUTYT Pusnku (Ku-
apokocmoca u KparHero Cesepa  TyT (MIT), YHuBepcuteT damHbypra,  Talckas akagemus Hayk) U ap.
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Since the world’s population is rapidly increasing and resources are limited, we must explore new areas with
harsh and severe environment. The exploration of such environments and lands (with extremely low or high
temperature, high pressure, radiation, etc.) is challenging and depends on the technological achievements
of mankind. These environments are the space with extreme temperatures and radiation, the Far North
with its specific climate, and the energy production, especially nuclear, due to its high temperatures and
exposure to radiation. Therefore, the systems and tools used there need to be made of special materials.

The researchers of the Institute
of High Technology Physics
(IHTP) at TPU are working at the
international  interdisciplinary
network  megaproject titled
«MATERIALS FOR EXTREME
CONDITIONS» within the Safe
Environment cluster. The project
is dedicated to the development
of new composite materials and
technologies for the products
with longer service life, capable
of working efficiently under
extreme exposure during
exploration  of  hydrospace,
outer space and the Far North.
Another goal is to create unique
endurance test methods to
control these materials.

The project faces a number
of challenges, such as the
development of compounds and
technologies for the production of
materials with different properties.
For that purpose, TPU establishes
the unique International Research
and Education CentreforEndurance
Tests and Technical Diagnostics of
Products Designed for Extreme
Conditions in cooperation with
Instron Corporation, and launches
the Double Degree Master’s
degree Programme «Manufacture
of nanostructured materials» with
Universit Joseph Fourier (UJF,
Grenoble).

Major companies and state
corporations are very much
interested in  the unique

properties and characteristics
of the production of composites
which are looked upon as a
priority in the development of
automotive, aircraft and space
equipment. Within this area, five
researches are being currently
carried out using the grants
of the Russian Foundation for
Basic Research. Two of these
researches are implemented by
young scientists. The research
team headed by Prof. G.R.Remnev

is being supported by the Russian
Scientific Fund. Two projects are
funded under the Federal Target
Program, another two are funded
according to the state order in
the field of scientific activity.

Together with the Saint Petersburg
State  Polytechnic  University
(the head organisation) and the
Skolkovo Institute of Science
and Technology, TPU is realising
the project «Development of an
integrated system of computer-
aided design and engineering for
the additive production of lightand
reliable structures for key high-
tech industries.» We also signed
an agreement with the Fund for
Infrastructure and Educational
Programmes, under which
we prepared the professional
development programme and
the training materials for the
application of nanostructured
composite ceramics products, both
commissioned by NEVZ-Ceramics.

The training programme
«Technologies of nanostructured
composite oxide and non-oxide
ceramic materials»  (research
manager O.L. Khasanov) was
awarded the medal «Winner of
the All-Russia Exhibition Centre»
at the Russia’s largest educational
exhibition «Modern Education
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B knactepe «be3sonacHas cpe-
fa obutaHus» WHCTUTYTOM u-
3UMKM BbICOKMX TexHonorun TI1Y
(MDBT) BbINONHSETCS CETEBOM
MEXANCLUMNANHAPHBIA MeXAyHa-
pOAHbIV  MeranpoekT «MaTtepu-
anbl ANg 3KCTpPeMalbHbIX YC0-
BMIM». Llenbio npoekta saBnseTcs
pa3paboTka HOBbIX KOMMO3WLM-
OHHbIX MaTepuanoB U TEXHONO-
TMiA NONYYEHNUS U3LENUiA C yBENN-
YEeHHbIM CPOKOM 3KCMayaTauuu,
CNoCco6HbIX 3hdeKTUBHO pabo-
TaTb B YC/IOBUAX IKCTPEMASbHOIO
BO3[4ENCTBUS, ANS OCBOEHUS HO-
BbIX TEPPUTOPUM TMAPOKOCMOCA,
KOCMMYECKOro MNpOCTPaHCTBa M
KpariHero CeBepa, a Takxke C03-
[laHWe YHUKaNbHbIX METOAMK pe-
CYPCHbIX UCMbITAHUIA AN KOHTPO-
N 3TUX MaTepuanos.

Peanusaums npoekta npegnona-
raet pelleHue Lenoro psiga He-
NpOCTbIX 33434y — OT pa3paboTku
COCTaBOB W TEXHOMOMMK nony-
YeHUs pasfiMyHbIX MO CBOWCTBaM
MaTepuanoB 40 CO34aHUA Ha ba3ze
TMY (coBMecTHO C Kopropauuen
Instron) He “MetoLero aHanoros
B Poccum MexzyHapogHoro Ha-
YYHO-06pa30BaTeNbHOrO LeHTpa
pecypCHbIX UCMbITAaHWUA U TEXHU-
YecKoM AMArHOCTUKM M3Lenuin u
KOHCTPYKLMI AN SKCTPeManbHbIX
YCNOBUIA U OTKPbITUS COBMECTHO
¢ YHuBepcutetoM [xo3eda Dy-
pbe (UJF, TpeHobnb) ™Maructep-
ckov nporpammbl Double Degree
«[Mpon3BOACTBO M3AEeNniA U3 Ha-
HOCTPYKTYPHbIX MaTepuanos».
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.
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YuyacTHukamu npoeKTa ABNATCA:

1. WMHctMTYT M3MKM BbICOKMX
TEXHONOIUi:

e kadenpa HaHOMaTepManoB M
HaHOTEXHONOMMA;

e nabopartopusa No1;

e YyebGHO-Hay4yHas MexoTpac-
neBasi MeXAUCLUMNAMHAPHas
nabopatopus  «Mogenupo-
BaHMe (HU3NKO-XUMUYECKMX
NMpoLEeccoB B COBPEMEHHbIX
TEXHOMOIUSXY;

e kadenpa maTepuanoBeneHus
B MALUMHOCTPOEHUMU;

e kadenpa nasepHou u CBeTo-
BOM TEXHUKMU;

e Kadeopa TeOpeTUYECKOM MU
NPWKNAAHON MEXaHUKK;

e Kadenpa OGuOTEXHONMOTUM W
OpraHUYeckon XMmum;

e Kadepnpa obLLei M HeEOpraHu-
YECKON XUMUU;

e Kadenpa TEXHONOTUWU CUAU-
KaToOB M HAHOMaTepManos..

2. VIHCTUTYT NpMPOAHbIX PECYpPCOB:

e kKadenpa TexHonorum opra-
HUYeCKMX BeLecTB M MoAu-
MepHbIX MaTepuanos.

3. DOuU3MKO-TEXHUYECKUA  UH-

CTUTYT:

e Kadenpa TexHmMyeckon bumsmn-
Ku (N2 23).

4. WHCTUTYT HepaspyLiarolLero
KOHTpONS:

e MexAayHapoaHas Hay4yHo-00-
pasoBaTenbHas nabopaTopus
Hepa3pyLlatoLWero KOHTPoss

B kauectBe napTHepoB K peanu-
3auMM MerarpaHTa «Matepuansi

[N 3KCTpEMasbHbIX  YCNOBUIA»
NpUrnalleH Lenbid psg yYeHbIX
C MupoBbIM MMeHeM. HOmXuH
Onesckn (Eugene Al Olevsky),
npodeccop  [ocynapcTBEHHOro
yHuBepcuteta CaH-Aunero (SDSU,
KanudopHus), nposen nepsbiit
UMK UHTEHCMBHbBIX NeKUMiA no
MaTepuanoBefeHuto nopow-
KOBbIX MaTepuanoB Ans Maru-
CTpaHTOB W acnupaHtoB TI1Y.
Xunpgpux Mycun (Jindfich Musil),
npodeccop YHuBepcuTeTa 3anaa-
Hoi Bboremum (University of West
Bohemia, T[ln3ewHb), Bnagumup
Yrnos, npodeccop benopycckoro
roCcyLLapCTBEHHOrO  YHUBEPCUTE-
Ta, u Uropb CeBOCTbSHOB, Mpo-
¢deccop locymapCTBEHHOrO YHU-
Bepcuteta Hbto-Mekcnko (New
Mexico State University, CLUA),
COBMECTHO C yyeHbiMu TI1Y npo-
BOJST UCCNEA0BaHMS NO MOAENU-
pOBaHMIO CBOMCTB MaTepuanos
u paspabatbiBatoT MeTon dop-
MMPOBAHUS  BbICOKOINACTUYHBIX
HaHOCTPYKTYPUPOBAHHbIX 3aLUWT-
HbIX (QYHKLMOHANbHbIX MOKPbITUH
BbICOKOW TBEpLOCTU. BepeTcs co-
BMeCTHas paboTa Haf co3aaHueM
HOBbIX METOAMK U 060pyn0BaHUS
[LNS peCYPCHbIX UCMbITAHUI MaTe-
puanos, paboTalwWwmx B 3KCTpe-
ManbHbIX ycnoBusix, ¢ CyHaepom
Pamacy66y (Sunder Ramasubbu),
[MpeKTopoM KomnaHum Biss ltd.
(xongwmHr Instron, MHaus).

KpynHble koMmaHuM u rockopmno-
pauuu nposBAstoT 60MbLIOA WH-
Tepec K YHMKaNbHbIM CBOWMCTBAM U
0CO06EHHOCTSIM NPOU3BOACTBA KOM-

n
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Hobenesckuii naypeam, npedcedamens MexyHapoOH020 Hay4Hoz0 cosema TI1Y [aH LLlexmmaH
8 MexdyHapooHoli Hay4Ho-06pazosamensHol nabopamopuu «KoMNO3ULUOHHbIE MAMEPUANbLI U NOKPLIMUS»
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KocmoHasm, dsaxbl [epoli Cosemckozo Coto3a, eeHepan-matiop asuayuu Bna-

dumup [IaHubexkos 3HaKkoMumcs ¢ pazpabomkamu 07151 KOCMUYECKol ompacau

Technologies 2014.» The project
«Development of radiation-resistant
nanocomposites» is included in
the investment financing plan of
Concern Vega JSC for 2014-2015
within Skolkovo's space cluster.

The outcomes of the project
«Materials for extreme
conditions» will include the
technologies for production of
unique materials to be used
in space, hydrospace and the
Far North, the equipment for
production of such materials and
test procedures, in particular,
additive technologies (the so-
called 3D-printing), and end
products made from composite
materials.

This mega-project should
embrace five areas:

1. Modelling properties and
compositions of materials
for extreme conditions

2. Materials and hardening
coatings

3. Technologies

4. Equipment

5. Testing and quality control

By the order of the Government
No. 218, research teams of the

Institute of High Technology
Physics and  Institute  of
Non-Destructive Testing are
performing a joint project with
the Institute of Strength Physics
and Materials Science RAS and
Energy JSC titled «Development
and implementation of high
technology of active/passive
quality control of compounds
produced by friction stir welding
for the manufacture of the body
elements of new generation
space and missile systems.»

Another project is aimed at the
development and delivery of the
equipment for non-destructive
examination of ITER products.
The project was commissioned
by Rosatom and is performed on
a contractual basis.

A large-scale and long-term
project «Development of
technology and equipment for
cleaning and decontamination of
industrial waters» isbeing carried
out for OAO Gazprom Transgaz
Tomsk as part of research,
development and technological
work and implementation of
resource efficient technologies.

Regarding the development

of Non-Destructive Testing
and Diagnostics technologies,
in 2014 the Institute of Non-
Destructive Testing launched a
megaproject titled «Technology
and complexes for new
generation tomography non-
destructive testing.» Tomography
is a state-of-the-art effective
inspection tool. It is the highest
level of non-destructive testing
providing the reconstruction of
a three-dimensional image of
the examined item with detailed
representation of its internal
structure. The project uses
approaches and solutions based
on the integrated use of both
new physical principles of the
internal structure reconstruction
(betatrons, thermography,
electromagnetic radiation) and
the upgraded conventional
methods (ultrasound and
X-rays).  Tomsk  Polytechnic
University developed the
thermal tomography method
based on diffusion processes
of heat transfer (as opposed
to the classical computer
tomography). This new and
promising method of control
using the characteristics of
electromagnetic radiation s
based on the phenomenon
of pulsed generation of
electromagnetic fields by non-
metallic materials which was
discovered in our University.
The project proposes the use
of phased array antennas, the
robotic imaging and special
signal processing algorithms
that, in contrast to existing
techniques, will allow obtaining
real-time three-dimensional
images of the item with complex
geometry. We propose an
import-substituting, affordable
and improved analytical
tomograph with spatial and
density resolution of control
corresponding to the highest
standards. As a result, in course
of the project we will create
a prototype sophisticated
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Jlemyuk-kocmoHasm, [epoti Cosemckozo Coto3a, lepoti Poccuu Cepeeli Kpu-

kanes 8 T[1Y

Mo3uTOB, 3a KOTOpbIMW Oyayliee
B pasBUTUM MNPUOPUTETOB aBTO-
aBMa-, KOCMUYECKON TEXHUKM.

Paspabotkamm TIY B o0b6nactu
KOMMO3MLUMOHHBIX  MaTepuanos
WHTEPECYHTCS He TONMbKO npea-
CTaBUTENM MPOMbILLIEHHOCTU U
OM3Heca, HO M M3BECTHbIE 0OM,
nonyumswme rnybokue 3HaHMUS
nosefieHus n npobnem co cpefon
0buTaHus B KOCMOCe.

Tak, B TIY npuesxanu gna 3Ha-
KOMCTBa, 0OMEHa OMbITOM U YyTe-
HUS NEeKUMIA NEeTYUKM-KOCMOHAB-
Tol Bnagumup [xaHMbekoB W
Cepreii Kpukanes.

Bnagumump [kaHnbekoB npea-
NIOXWST NPOBOAWTL KOCMMYECKME
3KCMNEPUMEHTbI MO MaTepuanam
n TexHonornam TIMY Henocpegn-
CTBEHHO B KOCMoce: Ha 6opTy
CTAQHLMI U B OTKPbITOM KOCMOCE.

Ha cerofHswWwHMM OeHb B paMKax
peanu3aluy MerarpaHta BbINOJHS-
totca 5 rpaHToB Poccuiickoro doHaa
(yHAAMEHTaNbHbIX  UCCeLOBaHWH,
B TOM uucie 2 MonomexHbix. Ha-
yYHas rpynna Mof pyKOBOLCTBOM
npogeccopa IE. PemHeBa nonyumna
nognepxky Poccuiickoro HayyHoro
¢doHpa. [1Ba npoekTa noaaepKaHbl B
pamkax QOefepanbHoi LeneBow npo-

rpamMMbl, Ba - B paMKax MPOEKTHOM
YacTW roCyfapCTBEHHOMO 3afaHus B
cthepe Hay4yHoOI AEATENBHOCTU.

CosmectHo c CaHkT-TleTepbyprckmm
rOCyLLapCTBEHHbIM  MOMUTEXHUYE-
CKMM  YHWMBEpCUTETOM (rONI0BHAs
opraHusaums) U CKOMKOBCKUM
MHCTUTYTOM HayKu W TEXHONOruu
peanusyetcs npoekT «Paspabotka
MHTErPUPOBAHHOW CUCTEMBI KOM-
MbIOTEPHOTO  NMPOEKTUPOBAHUS U
WHXWUHUPUHIA AN apaAUTUBHOIO
MPOU3BOACTBA NETKMUX U HALEXHbIX
KOMMO3WTHbIX KOHCTPYKLMIA KJItO-
4eBbIX BbICOKOTEXHONOMUYHBIX OT-
pacnei NpOMBbILLNIEHHOCTUY.

3akntoueH poroeop ¢ @oH-
LOM  MHMPACTPYKTYPHbIX M 06-
pa30BaTe/bHbIX  NpOrpamM, B
paMKax KOTOpOro Mo  3aKasy

«H3B3-Kepamukc»  paspabora-
Hbl 0bpa3oBaTenbHas nporpam-
Ma MOoBbIWEHUS KBanUdUKaLmMm U
y4ebHO-MeTOAMYECKUIA KOMMIEKC
B 06n1acTv NMpUMEHEHUs U3aenun
M3 HAHOCTPYKTYPUPOBAHHOM KOM-
MO3WULMOHHOM KEPaMUKM.

O6pazoBaTenbHas NporpamMma noBbl-
LeHns KBanndukaumn «TexHonornm
HaHOCTPYKTYPUPOBAHHbIX KOMMO3W-
LIMOHHBIX OKCUAHBIX U HE30KCUAHbIX
KepaMuyeckux MaTtepuanos»  (py-
koBoguTenb npoekta O.J1. XacaHoB)
oTMeuyeHa Mepanbto «Jlaypeat Bce-
POCCUICKOTO BbICTAaBOYHOTO LIEHTPay»
KpynHeniueir 06pa3oBaTeNbHON Bbl-
ctaBkn Poccum «CoBpeMeHHble 06-
pa30BaTe/bHble TexHonorum — 2014».
B pamkax nporpammbl npownu oby-
ueHue 25 cneumanmcTos.

MpoBedeHO  MOAenupoBaHue  Co-
CTaBOB  KOMMO3WUTOB, W3rOTOB/IEHDI
YCTAHOBKM, MO3BOMSIHOLLME MOMYyYaTh
MOKPbITUS C YHUKANbHBIMK CBOWCTBA-
MU, MoaepH/3MpoBaHa YCTaHOBKa Mo
HaMblIEHWIO CNOXHBIX PaaMaLMOHHO-
M M3HOCOCTOMKMX 3M1AaCTUYHBIX MO-
KpbITWiA BbICOKOM TBEpoCTH. Paspa-
60TaH HOBbIN MeTon, (POPMMPOBAHUS
MHOFOC/IOMHbBIX aAMa3HbIX MAEHOK C
MCMONb30BaHWEM  MPUHYAUTENBHOM
BTOPWYHOM HYK/EALMM anMa3HbIX 3a-
pOZAbILLEN MOHHOM BOMOAPAMPOBKOA.

[poBeaeHa yHuduMKauma MeTo-
OMK UCMbITAaHMIA 019 OLEHKM pe-

B PAMKAX TMPOIrPAMMbI
MPOLIN OBYYEHMUE 25 CIE-
LMANNCTOB.
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complex tomographic system of
a new type based on the newest
methods of non-destructive
testing and diagnostics of
materials and products,
significantly improving their
performance and applicability,
reliability, functionality and
consumer appeal.

In cooperation with Moscow
State  Institute  of  Radio
Engineering, Electronics and
Automation, our Institute
created a prototype system for
the inspection of vehicles. The
developed inspection complex
costs less than the alternative
products, with the equivalent
functionality. With the betatron
applied as a radiation source, it is
possible to use special methods
of X-ray control to determine
the types of materials in the
examined item and detect the
presence of toxic, explosive and
narcotic substances. As a result,
the relevant agencies will be
equippedwith domestically-made
mobile inspection complexes
at a lower price and with less
operating costs than their foreign
alternatives. The complex is also
used in training programmes
for technical specialists in the
field of inspection technologies,
and for training and retraining
of specialists in non-destructive
testing and radiation safety of
operation of devices generating
ionizing radiation.

Processing of industrial and
domestic waste is a pressing
global problem both in terms of
environmental protection and
their use as secondary resources.
TPU is carrying out a number of
projects in this field.

1. Disposal of sulphate calcium
industrial waste

A series of research is dedicated
to studying the properties of
sulphate calcium industrial waste

06pasubl mensonposodsuiux NOMUMEPHBIX MAMEPUAnos

as a by-product of hydrogen
fluoride production and the
problems of neutralisation of
acid granular waste materials in
the same production technology
and the process of unification of
technogenic anhydrite. Within this
research,our specialists developed
innovative resources and energy
saving technology for production
and unification of anhydrite
binder from  fluoroanhydrite
(this process of neutralization
of fluoroanhydrite also involves
carbide lime slurry - another
calcium-containing chemical
waste). We also developed
the special technology for
production of building materials
and products, such as anhydrite
slag blocks, sheets of Pano dry
anhydrite plaster, anhydrite filler,
anhydrite frame-monolithic
building modules and anhydrite-
polystyrene thermal and sound
insulation of building products.

2. Research work on recycling
of wastes of agricultural
enterprises with produced
biogas as an energy resource.

The project is committed
to obtaining  breakthrough
scientific and practical solutions
and enabling technology
that will create significant
technological  reserve  and
boost the development of
agriculture in Russia in the near
future. With the support of the
Tomsk Oblast Administration
and the Fund «Energy without
Borders,» we launched the
project «Technology of high-
speed processing of biomass
into biomethane to generate
heat and electricity in response
to growing demands for
environmental processing of 3-4
hazard class biological waste»
and started the construction of a
pilot mobile biogas plant.

Creation of materials for extreme
conditions, non-destructive
testing and diagnostics and
waste management are the most
important components of the
Safe Environment cluster, and
the University holds a leading
position in this field.
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cypca paGOTbI METATMYECKNX
KOMNO3UUMOHHbIX MaTepunanos
B 3KCTpEeMalibHbIX YC/I0BUAX. M3-
FOTOBNIEHbI na6opaToprle yCra-
HOBKW A1 KOHTpPONA KayecCtBa
KOMNO3UUMOHHbIX MaTepnanos U
n3genui n3 yrnennactukos.

MpoekT «Pa3paboTka paamaum-
OHHO-CTOMKMX HaHOKOMMO3UTOB»
BK/IHOUYEH B UHBECTULLMOHHbIN NAaH
®uHaHcupoBaHna OAO  «KoH-
uepH «Bera» Ha 2014-2015rr. B
paMKax KOCMMYecKoro knacrepa
CkonkoBgo.

[ns oueHku 3ppekTUBHOCTU pea-
nmM3auum MeranpoekTa «Matepua-
Nbl AN 3KCTPEMaNbHbIX YCI0BUM»
NpoOBOAMTCS MeXayHapoaHas
3KCMepTM3a M JanbHenlas 3a-
LUMTa pe3ynbTaToB NpoekTa nepes,
MexayHapo4HbIM Hay4YHbIM COBe-
Tom TMY (MHCQ), koTopbit penaet
OLEHKY U MMeeT NpaBo NPOAAUTb
BbINONHEHWE NPOEKTa MAU OcCTa-
HoBWTb ero. Ha dotorpadum no-
Ka3aHa pabora MHC netom 2014 .

MTorom npoekTa «MaTtepuansl gns
3KCTPEMAbHBIX YCNOBUM» CTaHyT
TEXHONOMMK MONYYEHNUS YHUKANb-
HbIX MaTepuanoB Aas paboTbl B
YCN0BUSAX KOCMOCA, MMAPOKOCMO-
ca n KpariHero CeBepa, co3gaHue

ONa OUEHKU SODOEKTUBHOCTU PEANU3ALUN METANPOEKTA
«MATEPUANDbI AN SKCTPEMAJIbHbIX YC/IOBUA» NPOBOAUTCA
MEXAYHAPOOHAS 3KCNEPTU3A U DANIbHEMILAS 3ALWLMUTA PE-
3YIbTATOB MPOEKTA NEPEA MEXAOYHAPOOHbIM HAYYHbIM CO-

BETOM TNY (MHQ).

0060pynoBaHUs ANs UX MONYYEHMS],
MeTOAMK MCMbITaHMS, B YaCTHOCTH
C NpPUMEHEHMEM  afAaUTMBHBIX
TEXHONOMMIA  (TaK  Ha3blBAaEMOW
3D-neuatu), roTOBbIX MU3LENUIA U3
KOMMO3MLMOHHbBIX MAaTepPMANOB.

K ocHOBHbIM pesynbratam Mera-
npoeKkTa cnegyet OTHeCTU 5 Ha-
npaB/eHUiA:

1. MopenupoBaHne CBOWCTB M
COCTaBOB MaTtepuanoB pAns
3KCTpEeMasbHbIX YCIOBUIA:

e BnepBble npennioXeHbl M
YNCNEHHO peann3oBaHbl
MOZENn OCaXAEHUS MHOro-
C/IOMHBIX MOKPbITUI, CMHTE3a
KOMMO3WLUMOHHbIX  MaTepu-
anoB M pacyeta mx sddek-
TUBHbIX CBOWCTB, KOTOpble

“cnonb3yTcs Ans Bblibopa
1 060CHOBaHMA YCNOBUM, He-
06XOAMUMBIX ANS MONyYeHUs!
MaTepuanos, paboTalolmx B
3KCTPEMasbHbIX YCNOBUSAX.

PaspabotaHa MeToamka Mo-

[enMpoBaHus U 3KCnepu-
MeHTanbHOW  Bepudukaunm
npoLeccoB  KOHconnaumm

koMno3utos (Al+B4C+W).

ocTpoeHbl KOHEeYHo-3ne-
MEHTHble U hU3nYeckmne Moae-
NI TOMOTEHHbIX MOPOLIKOBbIX
NMOMMANCIEPCHBIX  KOMMO3K-
umMin coctaBa (Al+ HaHomo-
powkn W u B4C), asontoumn
UX YNnoTHeHus 0e3 CBS30K
M nnactMduKaTopoB npume-
HUTENBHO K YC/IOBMSIM Cnapk-
nna3MeHHoro cnekanus (SPS).

MaTepManbl U ynpo4yHsawouwme
NOKpPbITUA:

MonyyeHbl onbITHble 06pas-
Ubl HE MMEKLMX MUPOBbIX
aHanoroB NEerknx antoMmUHUIA-
MaTPUYHbIX  KOMMO3UTHbIX
MaTepuanoB ¢ pobaBkamu
HaHOMOPOLIKOB Bo/bpaMa u
Kapbuaa 6opa ans co3paHus

lpogpeccop E. PemHes demoHcmpupyem yneHam MexdyHapoOHo20 Hay4yHo20 cosema TITY KoMOUHUPOBAHHYO
YCMAHoBKy 0715 ocaxdeHuss NoKpeimul u3 2a30800 ¢assl
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paanauUMOHHO-3aWNUTHDBIX

KOpnycoB  MUKPO3NEKTPOH-
HbIX MOD,yfI617I paKeTHO-KOC-
MUYECKOMN TEXHUKM.

PaspabotaHbl cOCTaBbl Ha-
MOMHEHHbIX TENJI0NpoBOAS-
LWMX MONIMMEPHBIX MaTepwua-
JI0B Ha OCHOBE NOSIMITUNIEHA
C TEXHUYECKMMU XapaKTepu-
CTMKaMK, NPeBOCXOAALLUMMU
3apybexHble aHanorn u oT-
pabotaHa TexHonorus no-
Ny4yeHuns wu3genuii MetonoMm
3D-nevat. MakcUMManbHbIi
Ko3hdULUMEHT Tennonposo-
[IHOCTW u3penuin bonee Yem B
25 pa3 npeBbIlaeT TakKOBON
N5 NOIMMEPHOM OCHOBBI.

PaspaboTaHbl cOCTaBbl YHU-
KasibHbIX M3HOCOCTOMKMX
KOMMO3MUMIA  Ha  OCHOBE
CBMII3 c BBepeHueM no-
nuteTpadTopaTUNEHA (no
10 Bec. %), KoTOpble MOTyT
3((dEKTUBHO MCMNONb30BaTh-
€ ANg y3noB TpeHus B OT-
CYTCTBMM CMa304HOW cpeapl
(frp = 0,1) B yCNOBUAX HU3KMX
Temnepatyp (- 70...+ 70 °C).

MonyyeHbl 3KCNepUMEHTaNb-
Hble 06pasubl apMMpPOBaH-
HbIX YFe- W CTEK/0TaHbH
KOMMO3WULUMOHHbBIX ~ MaTepu-

a/loB Ha OCHOBE MOAWUIULIU-
obnapato-

K/IONeHTaaneHa,

WMX BbICOKMMMU 3HAYEHUSIMU
Mozy/iei ynpyroctu Ha pas-
pbIB U U3rnb, TepMMUYeCKon
CTOMKOCTbO B [AMarna3oHe
Temnepatyp (-70...+150 °C),
LN U3roTOBNEHWUS KOPMyC-
HbIX JeTanei NoABOAHbIX
M KOCMMYECKMX annapaTos.
®uU3nKO-MexaHUyeckne mo-
Kasatenu 006pa3uoB Cpas-
HAMBI  C  MOKa3aTensiMu
YINennacTMkoB Ha OCHOBe
3MOKCUIHbIX CMOT.

PaspabortaHo 3almMTHOE
MHOrOC/IOMHOE MOKPbITUE Ha
OCHOBe NWHENHOW cBepxpe-
wetku TiN/ALN, obnapatouiee
BbICOKUMM  MEXaHUYECKUMMU
CBOWCTBaMM W pajuaLMOH-
HOM CTOMKOCTbIO, ANS npu-
MeHeHMs B napax TPeHus Ha
KOCMMYEeCKUX annapaTax.

TexHonoruu:

PaspabotaH npuHUMNUANbHO
HOBbIM MeTog4, (opMMpoBa-
HWS MHOTOC/OMHbIX aNnMas-
HbIX MNEHOK, MO3BONSOLLUA
HaHOCUTb cBepxTBepable
(>80 T[Tla), TennooTBOAALME
(>1000 B1/MK) anmasHble
C/TIOU C HU3KOM LIepoxoBaTo-
cTbto (< 300 HM) He3aBMCMMO
OT TONLWMHBI NOKPbITUS. [aH-
Hoe MOoKpbITHe obnasaert uc-
KNIOUYUTENBHOM  CTOMKOCTbIO

K XMMMYECKOW KOppO3uu
(kMcnoThbl, Wenoyun, mMopckas
BOAA) M K paauauMOHHOMY
BO3[ENCTBUIO (PEHTTEH, Hel-
TPOHbI,  FaMMa-u3snyyeHue),
YTO MO3BOJISIET UCMOMb30BaTh
0151 NOBBILLIEHMS M3HOCOCTOMN-
KOCTW Y310B KOCMUYECKUX U
NoABOAHbIX annapaTos.

BrnepBble pa3pabotaH MeTop
MoAM(UMKALMM  NOBEPXHOCTU
HaHOYaCTULLXene3a opraHuye-
CKMMU CTPYKTypaMu, COAepKa-
MMM MOHOMEpPHbIe PparmMeH-
Tbl U MOKa3aHa BO3MOXHOCTb
UX WCMONb30BaHWS ANs Mo-
nyyenuns  3D-apMUpOBaHHbIX
MOAMMEpPHbIX MaTepuanos
MEeTOZOM MOAMMEPU3aLUK Cy-
CMEH3UI HAHOYACTUL, B MOHO-
mepe. T[lonyyeHbl 0bpa3upl
CLUMTBIX MOSMMEPOB C 334aH-
HbIM TMPOLEHTHbIM HamnosHe-
HUMeM HaHouactuuamu. lMpen-
NOXeHbl OCHOBHbIE NMPUHLMMbI
(hOpMOBaHMS TOTOBbIX M3fe-
i Metogamu 3D-nevaTu.

O6opyanoBaHue:

MpoBeseHa  KOMMeKCHas
MOLEepHM3aUMsa [OBYX YCTa-
HOBOK [N HaHEeCeHus no-
KpbITUIA METOAaMM BbICOKO-
BaKYyMHOrO pacnblieHus u
ra3oasHoro 0CaxXaeHus, no-
3BO/IMBLUAS BECTM UCCNeno-
BaTeNbCKME paboTbl MO CUH-
Te3y NOKPbITUiA, paboTatoLwmx
B 3KCTPEMasIbHbIX YC/IOBUSIX.

Co3paHbl  3KCMepMMeHTab-
Hble YCTaHOBKM A/1g 0TpaboT-
KM aaOuUTUBHBIX TEXHOMOMMUM
nonyYyeHus U3nenmm MeToaa-
MW CeNeKTMBHOro Na3epHoro
CNeKaHUs WM 3NEKTPOHHO-NY-
YeBOM MOC/IOMHOM HannaBKu
MeTa/InYecknx  NOPOLUKOB
KOMMO3MLMOHHOIO COCTaBa.

Benetcsa paspaboTka He MMeto-
wero aHanoros 3D-npuHTepa
Ans nevat kopnycos PKT u3
MOAMMEPHbLIX MaTepuanos ¢
TPEXMEPHbIM  HEeMpepPbIBHbIM
ApPMUPOBAHMEM.
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5.

UcnbiTanua n KOHTPO/1b
Ka4yecTtBa:

B cootBetctBMM C TpeboBa-
Huamm TI1Y komnaHuen BiSS
Ltd. u3rotoBneHa u nocraene-
Ha YHWKanbHasi WCMbITaTeNb-
Has MaliMHa ANS PecypCHbIX
MCMbITaHMI,  NO3BONANOLLAS
BbIMOMHATbL [0  MMW/IMOHA
LMKNOB Harpy>XeHui 3a Tpwu
yaca. PaspabotaHa aHanutu-
yeckas Mofesb pocTa Tpewu-
Hbl B MaTepuasne u MeTOAMKM
MCMbITAaHMIA NpPU  BbICOKOYA-
CTOTHOM LMKIMYECKOM Harpy-
XEHUU [NS OLEHKU pecypca
paboTbl M3aenuii U3 KoMMo-
3MLMOHHBIX MaTepManoB.

PazpaboTaHa  KOHCTpyKUMS
M u3rotoBneHa nabopatop-
Has yCTaHOBKA A5 KOHTPONS
KayecTBa KOMMO3WULMOHHbIX
MaTepuanoB MeToAoM LUud-
poBOW Wunporpaduu.

[ng KOHTpOns CTPYKTYpHOM
LLeNOCTHOCTM M34ennii Ha oc-
HOBE KOMMO3WLMOHHbIX Ma-
Tepuanos pa3paboTaH u co-
H6paH nabopaTopHbIA CTeHA,
LLeViCTBMSI KOTOPOro OCHOBA-
HO Ha MCMONMb30BaHWU CETU
pacnpefeneHHbIX  ynbTpa-
3BYKOBbIX [AaTYMKOB (BOJHbI
Namba).

B obnactu KoHTpons Ka4yecTa Ma-
TEpPUAnoB, U3LeNunii U BHELPEHUS
pecypcocbeperawLiMx  TexHo-
norvnt TIY BbINONHAET KpynHble
MpoeKTbl C rockopropauusmu Po-
ckocMoc, Pocatom, [aznpom, B TOM
yucne B paMKax peanusauuu no-
cTtaHoBneHus lMpaButenbctea PO
N2 218 o koomepauuu BY30B U
npesnpuaTun.

3yeTcs MpoekT no paspaboTke u
MOCTaBKE KOMMEeKCa YNbTPO3BY-
KOBOro KOHTpons usnenuii UTIP.

B obnactn pazsutua HUOKTP wu
BHeApeHus pecypco3hdeKTUBHbIX
TexHonormit ons OAO «lasnpom
TpacHraz ToMCK»  BbINOHAETCS
KPYMHbIA M AONTOCPOYHBIVA NPOEKT
«Pa3pabotka TexHonorum u 060-

B OBJIACTU KOHTPOJI! KAYECTBA MATEPUAJIOB, U3LENUNA U
BHELPEHUA PECYPCOCBEPETAIOWMX TEXHONOTMWA TNY Bbl-
MOJIHAET KPYMHbIE MPOEKTbI C FOCKOPMOPALMAMU POCKOC-

MOC,POCATOM, TA3MPOM.

Mo noctraHoBneHuto [NpaButenn-
ctBa PO N° 218 konnektmBamm
NOBT n UHK TIMY BbinonHseT-
€Sl COBMECTHbIM npoekT ¢ NOINM
CO PAH n OAO PKK «3Heprusy,
«Pa3pabotka M BHeApeHWe Bbl-
COKO3(PEKTUBHOM  TEXHONOTUM
AKTMBHO-MACCMBHOTO  KOHTPONS
KauecTBa COEAMHEHWI, NOMyYeH-
HbIX METOAOM CBapKW TPEHWMEM C
nepeMelnBaHUEM, ONS U3rOTOB-
NEHUS KOPMYCHbIX 3N1EMEHTOB pa-
KETHO-KOCMMUYECKOWN TEXHUKMU HO-
BOrO MOKONEHUS®, PYKOBOLMTENb
yneH-kopp. PAH, 3aB.kadp. ®PBTM
NOBT, npod. C.I. NMcaxbe.

Mo 3akasy «HUMSMDA um. [O.B.
EdpemoBa» (PocaTom) B pamkax
X03[10roBOpHbIX paboT peanu-
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pyaoBaHuUA OYUCTKU U o6e33apa-
XWUBaHUA NPOMBbILWIEHHbBIX BOO».

B pasButumn TexHonoruii «Hepas-
pywalowmii KOHTPONb U AUArHoO-
cmka» B 2014 romy ctaprtoBan
meranpoekt MHK TIMY «TexHono-
MKW U KOMMNEKCbl TOMorpaduye-
CKOr0 Hepa3pyLAKLLEr0 KOHTPO-
N1 HOBOTO NMOKONEHUSA.

CTpeMuTenbHble TEMMbl Pa3BUTUS
W BHepeHne BO Bce cdepbl ae-
ATENbHOCTM COBPEMEHHbIX TeX-
HUYECKMUX CUCTEM, HEMPEPbIBHbIN
POCT UX CTPYKTYPHOM CNOXHOCTU
M pa3sMepHOCTH, Cneunanmnsmpo-
BaHHblEe YC/OBUS MPUMEHEHUS
M TpeboBaHMs K 6E30TKA3HOCTK
BbIMOJTHAEMbIX annapaTypown
dYHKUMIA OonpenenqioT akTyanb-
HOCTb MNpo6AeMbl  HaAEXHOCTH,
KayectBa M 6e3omacHOCTM 3KC-
nayaTaumMm TeXHUYECKUX 06b-
ekToB. bonbluoe 3HayeHue B
YCNELWHOM peLleHnn 3TUX 3agad
NPUHAONEXUT METodaM U cpen-
CTBaM Hepa3pyLLaLLEero KOHTPo-
N9 U ANArHOCTUKM.

CoBpeMEHHbIM  MOLLHbIM  Cpea-
cTBOM 06cnenoBaHus 0b6beKkToB
ABNSeTCs ToMorpadmsa — HamBbIC-
lWKMA  YpOBEHb HepaspyluakLle-
ro KOHTPOAS, 3aK/J0YaloWwasncs B
PEKOHCTPYKLMU 06bEMHOrO U30-
HpaxeHuns nccnegyemoro obbek-
Ta C noapobHON BM3yanusaumei
BHYTPEHHEW CTPYKTYpbl.
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B cuny MHoromunnuapnHoro Ha-
ceneHus  3emnu  (NMpakTUYecKu
abCoNTHO aHAaTOMMYECKU MOEH-
TUYHBIX OOBEKTOB KOHTPONS) Me-
AMUMHCKas ToMorpadus nonyumna
LUIMPOKOE NPUMEHEHWE, MOCKObKY
30eCb YMECTHO TMpaXMpOBaHUWe
MEeTOAO0B M annapaTypsl.

MHoromunnuapoHas xe  pas-
HOOOpa3HOCTb TEXHUYECKMX
YCTPOWCTB CEroaHs TpebyeT B Kax-
[IOM C/lyyae OTAENbHOro peLleHus
KaK Mo MeTody KOHTpons, Tak Mo
annapaTypHOMY UCMOHEHMUIO.

[Mo3ToMy KpaiHe akTyasbHa pas-
paboTka M cO34aHMe ToMorpa-
(dnyeckoro  MHOronpoduIbHOro
KoMmnekca, obecneynBaloLLero
KayeCcTBEHHbIN KOHTPONb U AMa-
FHOCTUKY CaMOW LUIMPOKOM raMmbl
BELLEeCTB, MaTepuanoBs, U3AENuw,
NpOLLeccoB U cpefbl.

B ocHoBy npoekTa 3anoxeHbl
noaXoAbl M peLieHus, OCHOBaH-
Hble Ha KOMMJEKCHOM WMCMOoJb30-
BaHWM Pa3nYHbIX, B TOM uuc/e
HOBbIX, AN ToMorpadum husnye-
CKMX NPUHLMMOB PEKOHCTPYKLMM
CTPYKTYpbl 0b6bekTa (6eTaTpoHbI,
TepMorpadus,  3N1eKTPOMarHuT-
HOEe M31y4YeHue), U MoIepHM3a-
LMK CyLecTBYIOWMX (YNbTPa3ByK
N PEHTTEHOBCKOE U3MTyYeHME).

Takor nopxod no3sonsieT CO3-
[atb cuctemy TOoMorpadoB, B3a-
MMOLOMONHAWMX APYr Apyra M
«MEepPeKPbIBAOLLMX»  TPAHULLBI  UX
npuMeHenus. Kak pesynbtat - obe-
cneyeHne TOMOrpadmyecKoro KoH-
TpOnsi MpakTUYecku BCEW, CamoMn
LUMPOKOW raMMbl BELLECTB, MaTepu-
anoBs, U3Aenui, NpoL,eccoB 1 cpepl.

PaspabaTbiBaeMble B yHMBepCH-
TeTe ManorabapuTHble  LMKIK-
yeckne yCKOpUTENW 3NEKTPOHOB
MO3BONIAIOT MNPU  MUHUMANbHBIX
rabaputax M npocToTe 3Kcnya-
TaLWKW reHepMpoBaTb BbICOMPOHU-
Kalollee M3nyyYeHue A0 OeCSTKOB
M3B ¢ cuMMeTprYHbIM (POKYCHBIM
ngTHoM nopsaka 0,3 MM npu Bbl-
COKOM  MOLHOCTM  SKCMO3MLU-

OHHOM [J03bl, obecneuymBaroLLme

abcontoTHble MpeuMyllecTsa Mo
TONMHE KOHTPONMPYEMOTrO 06b-
ekta (o 1,5 ™), no macce (mo
1,5 7) 1 no npocTpaHcTBEHHOMY
paspeuenuio (8o 100 MKm).

[puHUMn Tennosoi ToMorpaduu,
OCHOBaHHbIM (B OT/IMUME OT KIac-
CMYECKOM KOMIMbIOTEPHOM TOMOrpa-
dun) Ha AnddY3MOHHBIX MpoLec-
cax Tennonepenauu, NpeajoxeH B
TOMCKOM  MONUTEXHUYECKOM  YHU-
BepcuTeTe. [porpamMmHoe obecre-
YeHue, BK/IIoUas NporpamMmbl Mofe-
NMPOBaHMs U 00paboTKM OaHHbIX
no Metomy ToMorpadum, He UMeroT
MUPOBbIX aHaNOroB U NpencTaBns-
0T MHTEpeC Kak OTAe/bHble KOM-
Mepyeckue NpoayKTbl.

OcHoBHbIe MMetLLMEeCs MUPOBbIE
ny6nmkaLuumu no TennoBow TOMO-
rpapuv npuHagnexatr aBTopam
n3 TIY.

HoBoe, nepcnekTMBHOe Hanpas-
JleHMe KOHTpONs Mo  XapakTe-
PUCTMKaM  371eKTPOMArHWTHOro
M31y4YeHUs, OCHOBAHO Ha O6Ha-
DY)XEHHOM B YHWMBEpcuTeTe $B-
NIEHUU TEHEpaLMU  UMMYNAbCHBIX
3/1eKTPOMarHUTHbIX nonen  fae-
bopMupyeMbIMK  HEMeTananue-
ckumu  Matepuanamu.  dopma,
aMIM/IMTYLHO-YaCTOTHbIE CMEKTPbI
3N1EKTPOMArHWUTHBIX  UMMY/IbCOB
U3NYy4YEHUs U 3aKOHOMEPHOCTU UX

($hOPMUPOBAHUS BO BPEMEHU He-
CyT MHMOPMALMIO 06 U3IMEHEHUAX
HanpsKeHHO- AepOpPMUPOBaAHHO-
o COCTOSIHUSA, MPOYHOCTHbIX CBOM-
CTBax OObLEKTOB KOHTPONS, a Tak-
Xe 0 cTeneHu ero aedeKTHOCTY.

OcHoBHblE MMelOLMECS MUPOBbIE
nybnvkaumMm no  3neKTpOMarHuT-
HOW ToMorpaduu TaKxe NpuUHag-
nexar CoTpyAHUKaM YHUBEpPCUTETA.

YnbTpa3sykoBas ToMorpadus wu3-
BECTHa M LOBOJbHO LUMPOKO MpK-
MEHSIETC B KOHTPO/Ne MpOCTbIX
KOHCTpyKUMi. B npoekTte npeg-
naraeTcs wcnonb3oBaHue hasu-
POBaHHbIX aHTEHHbIX peLIeToK,
pob0TU3MPOBAHHOM CUCTEMBI TO-
mMorpaduu v crneumanbHble anro-
pUTMbl 06paboTkM CUrHana, 4Yto B
OTIMYME OT CYLLECTBYHOLMX METO-
OVK M annapaTtypbl MO3BOMUT NONY-
yaTb TpexMmepHble K300paxeHus
06beKTa KOHTPONS CaMOVi CIOXKHOM
reOMeTpuu B peanbHOM BpPEMEHM.
3710 BOOOLLE M3MEHSET COBPEMEH-
Hble NpeLCcTaBNeHUs O BO3MOXHO-
CTSIX TaKOro B1Aa ToMorpaduu.

PeHTreHoBckasi ToMorpadms Takxke
“3BeCTHa, annapatypa (B OCHOBHOM
MMMOPTHas!) Ha pbIHKE MPUCYTCTBY-
etr. Mpennaraetcs paspabotka MM-
MopTo3aMelLLAtoLLEro, HeAopOroro M
YCOBEPLIEHCTBOBAHHOTO aHaNMUTUYe-
cKoro ToMorpada C NpoCTPaHCTBEH-
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HbIM M MNIOTHOCTHBIM pa3peLleHneM
KOHTPO/IS HA YPOBHE MUPOBbIX CTaH-
JapTo. byayT peanusoBaHbl Mexa-
HM3Mbl HOPMMPOBAHMS TPEXMEPHDIX
mogaenei 0bbekToB, 06paboTka M30-
OpaxeHWi, aHanM3 MpOCTPaHCTBEH-
HbIX M MJIOTHOCTHbIX XapaKTepUCTUK
nedekToB. Bce 310 no3sonser uc-
MoNb30BaTh €ro Ans UCCNeLOBaAHMN B
MaTepuanoBeAeHUM, reonoruu, 6uo-
JI0MUU U MeaMUMHE.

B pamkax peanusaumm [LaHHOro
npoekTa pa3pabaTbiBalOTCS anb-
TepHaTUBHbIe CNOCO6bI U yCcoBep-
LEeHCTBOBAKTCA  CyLLecTByloLWme
TEXHONOMMM MONyYeHus ToMorpa-
uruecknx M300paxeHuii ¢ ofHO-
BPEMEHHbIM MU pa3HOBPEMEH-
HbIM MCMOMb30BAHWEM PA3fIUYHbIX
BMAOB UCTOYHWMKOB U3NYYEHUS.

PesynbtaTom npoekTta bynet cos-
[laHWe 3KCMepUMEHTANbHOro 006-
pasua COBpPEMEHHOM KOMMIeKc-
HOM TOMOrpaduyeckon cucTemsl
HOBOrO TWMa, OCHOBAHHOIO Ha
MWUPOBBLIX JOCTUXEHUSAX B METO-
[laX Hepa3pyLaLLEero KOHTPONs
M OMArHOCTMKM COCTOSIHUS MaTe-
pVanoB U U3LENUA U CyLLECTBEH-
HO YNYYLLALWMX XapaKTEPUCTUKM
M BO3MOXHOCTU UX NPUMEHEHUS,
[OCTOBEPHOCTb,  MHOTMOMYHKLUM-

OHaNbHOCTb M I'IOTPE6MTeJ'I bCKYH
NPUBNEKATENBbHOCTb.

NMPEMMYLLECTBAMU PA3PABATbBIBAEMOIo A40CMOTPOBOIO
KOMMJIEKCA MO CPABHEHUIO CAHAJIOTAMU ABNAETCA OTHOCH-
TEJIbHO HEBbICOKAA CTOMMOCTb NMPU AHANOTUYHbIX XAPAK-

TEPUCTUKAX.

Pa3pabaTbiBaeMblit KOMNAEKCHbI
TOoMOorpad HanaeT BbICOKUIM CNpoC
B npombiwneHHoctn  Poccum,
BGAUXKHEro M fanbHero 3apybexbs,
T. K. B HaCTOsIlLee BpeMsl OTAeNb-
Hble ero COCTaBNsLLME, UMetoLLMe
6onee HU3KWI ypOBEHb OT Mpen-
MonaraemMoro, HaxoAsT LUMPOKUIA
M ycTonumMBbIN cobbIT. Kpome Toro,
KOMMAEKCHbIM ToMorpad MoxeT
ObITb Nerko pasgeneH u npopa-
BaTbCsl €ro COCTaBHbIMMU YACTAMMU.
70 06CTOATENBCTBO CYLLECTBEHHO
MOBbILIAET €ro MHHOBALMOHHBIN U
PbIHOYHbIV MOTEHLMaN.

MHCTUTYT Hepa3pyLaLLEro KOH-
Tpons UMeeT 6ONbLION OMbIT CO3-
[aHUS UCTOYHUKOB TOPMO3HOIO
U3NyYyeHus Ans  paguMoMETpU-
YeckUx U OedeKTOCKONMUYEeCKnX
cucteM. B mHcTuTyTe paspabora-
Hbl M MPOM3BOAATCS Pa3/IMYHbIE
GeTaTpoHbl U pEHTreHOBCKUE
annapatbl, B TOM Y1cie v ans no-
CMOTPOBbIX CUCTEM. Tak, K HaCTo-
AleMy BPEMEHU WHCTUTYT W3ro-
TOBMA M NocTaBun dupme “Smith
Heimann” 6onee 100 manoraba-
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PUTHbIX BETAaTPOHOB Ha 3Hepruto
2500 k3B.MobunbHble gocMoTpo-
Bble CMCTEMbI C UCMO/b30BAHUEM
3TOr0 UCTOYHMKA U3/yYEHMS, Npo-
M3BOACTBO KOTOPbIX BbIN0 HaYaTo
B 2002 rogy, ycnewHo paboTatoTt
BO MHOIMX CTPaHax MUpa.

B 2006 romy Hauanmcb noctaBku He-
TaTPOHOB Ha 3Hepruto 7,5 MaB ang
MCMONb30BaHMS B  [JOCMOTPOBOM
komnnekce ¢upmbl SAIC. MocTaBka
OCYLLECTBNISIETC Yepe3  3amafHo-
esponenckoro aunepa HUMN wmH-
Tpockonuu - ¢upmy John Macleod
Electronics Ltd. (Benukobputanus).

B nocnegHue rogpl MHCTUTYT MEHA-
€T CBOKO MAapPKETUHIOBYIO CTPATETMNHO
M nepeHanpasndgaeT CBOMN ycunma C
NOCTaBKM UCTOYHMKOB WU3NYyHEHUA
Ana nOCMOTPOBbIX CUCTEM Ha pas-
pa60TKy M NOCTAaBKYy CaMUX TaKUX
BbICOKOTEXHO/NIOTMYECKUX  CUCTEM.
B atom HanpaBneHnn ycmnmamu
Hawlero MHCTUTyTa U MockoBCKOro
rocygapCrtBeHHOro TEXHUYECKO-
ro0 YHUBEPCUTETA PAONOTEXHUKMN,
SNNIEKTPOHUKN U aBTOMATUKM CO3-
AaH NpoToTMN CUCTEMbI A4 A0CMO-
TPpa TPAHCNOPTHbIX CPEACTB.

MpeumyliecTBamMu paspabaTbiBa-
€MOro J0CMOTPOBOr0 KOMTI/IeKca
Mo CPaBHEHMWIO C aHanoramu sie-
NAETCS  OTHOCUTENbHO HEBbICO-
Kasi CTOMMOCTb MpPW aHaNOMMYHbIX
XapakTepuctukax. [pumeHeHue
6eTaTpoHa B KayecTBe MCTOYHMKA
U3NTy4eHUs NO3BONSET NPUMEHNUTD
crneumanbHble MeToAbl PEHTIEHO-
rpanyeckoro KOHTpoNs, KOTO-
pble NO3BONST ONpesensiTb TUMbI
BELLECTB, BXOAAWMX B COCTaB
06beKkTa KOHTPONSA, U BbISBAATL
Ha/IMuMe TOKCUUHbIX, B3pbIBYATHIX
M HApKOTUYECKMX BELLECTB.

Tor dakTt, 4TO0 BCE KOMMOHEH-
Tbl KOMMJEKCa MpOM3BOAATCA Ha
OOHOM MpesnpuaTMM, MNO3BOAUT
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CBOEBPEMEHHO MNPOM3BOAMUTL pe-
rynsipHoe cepBUCHOe 06CnyxXuBa-
Hve 060pya0BaHMS LOCMOTPOBOIO
KOMMNJIeKCa Mo BCEW TeppUTOpUM
P®, a Takke Npu BO3HUMKHOBEHMUM
TEXHUYECKMX HEenonafok ycrpa-
HATb UX M UX MPUYMHBI B TEYEHME
48 vacos.

OxupoaeMass LeHa peanusaumm
KOMMeKca NpuU MEeNKOCepUMHOM
NMpPOM3BOACTBE MOXET COCTaBWUTb
35-40 mMnH py6.dKCcnepTHas OLeH-
Ka peHTabenbHOCTM NPOM3BOACTBA
cocrasnsietr 35-50 %. Croumoctb
aHaNoOMMYHbIX  3apybexHbIX Ao-
CMOTPOBbIX KOMMIEKCOB C aHano-
TMYHBIMM BO3MOXHOCTSIMU COCTaB-
nset He mMeHee 70 MnH pyb., a B
cpenHem 100-120 maH py6.

Cnepyet yuyecTb, YTO MpU OCHa-
LLEeHUN COOTBETCTBYIOLUMX CNYXKO
OTEYECTBEHHBIMU LOCMOTPOBLIMM
KOMMIEKCaMM 3KCMyaTaLMOHHbIE

3aTpaThl CYLLECTBEHHO HUXKE, YEM
B C/ly4ae MCMoab30BaHMS UMNOPT-
HOWM TEXHUKM, TaK KaK 3apybexHble
MOCTABLLMKM 3a4acTyr NOCTaB/s-
0T KOMMIEKChI MPAKTUUYECKM HUXKE
ce6ecToMMoCTi, B [AanbHENLIEM
MoCTaBNiss OpUrMHalbHble 3anac-
Hbl€ YaCTM MO MHOTOKPATHO 3aBbl-
LUEHHBIM LieHaM.

Peanusaums NpoeKTa Mno3BONUT
OCHaCTUTb COOTBETCTBYHOLLME
Cﬂy>K6bI oTe4yeCTBEHHbIMM  MO-
OUNbHbIMU AOCMOTPOBbIMU  KOM-
nnekcaMu, UMEKLWLMMHK NO CpaBHE-
HUKO C 33py6€)KHbIMl4 dHanoramm
MEHbLYK CTOMMOCTb U MEHbLUKE
3KCNnyaTaunMOHHbIE pacXobl.

OCHOBHble TeXHUYECKMEe Xapak-
Tepuctuku UOK:

e DHeprus UCTOYHWMKA M3/yye-
Hu1a 9 MaB.
e KonuyectBo petektopos 512.

PEANN3ALUUA NPOEKTA MO-
3BOJIMT OCHACTUTb COOT-
BETCTBYIOWMNE CNIYXBbl
OTEYECTBEHHbIMWU MOBWUJb-
HbIMN LOCMOTPOBbIMU KOM-
NNEKCAMU, UMEIOLWLUMHU, MO
CPABHEHUIO C 3APYBEXHbI-
MW AHANOTAMW, MEHbLLIYIO
CTOMMOCTb U MEHDbLUUE 3KC-
NAYATALUOHHBIE PACXOAbI.

e PaccTosiHue OT UCTOYHMKA U3-
NYYeHUs 00 NIMHENKU AeTek-
TopoB 8,5 M.

e Bbicota ckaHupyemoro 06b-
eKTa oo 3 M.

e Pa3smep KpucTanna LeTekTo-
pa 6x6x20 MM>,

e PaszpeweHue 4,5 MM B LeHTp
CKaHUpyeMoro obbekTa.

e [lpoHMULaeMOCTb MO CTanu

220 mm.

YyBCTBUTENBHOCTb MO CTasb-
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TOMCKMIV NOJIMTEXHUK

Hoi nposonoke 0,8 MMm.

e KoHTpactHoe  paspelueHue
3 MM (CTanbHag nnactMHa
TONWMHOM 3 MM pasnnymMma
Ha dOHe CTaNbHOro NOroTU-
Tens TonwmHor 100 mm).

e YyBCTBMUTENBHOCTH MO MpO-
BOJIOYHOMY  KOJbLy  TON-
WMHOM 6 MM  (KOMbLO U3
CTaNbHOW MPOBOMOKKU 6 MM
pagmyca 100 MM paznuummo
33 CTaNbHbIM MOMNOTUTENEM
TonwmHor 100 mm).

e CkopocTb CKaHUPOBAHUS,
npu KOTOPOM rapaHTupyeT-
€ [OCTMXKEHWUE NpeLenbHbIX
napameTpos, - 0,2 M/c.

B o06pa3oBaTenbHOM 4actu KoM-
MAEKC UCTIONb3YETCs ANis peanusa-
LMK NPOrpamMM NOAFOTOBKM TEXHM-
YECKMX CMeuManucToB B 06nacTu
LOCMOTPOBbIX TEXHOMOTUIA, @ Tak-
€ MOBbILEHUS KBAaUDUKALUM U
NepenoaroToBKM  CMEeLManmcToB
B 06/1aCTM Hepaspywawwmx Me-

TOLOB KOHTPONS M pafuaLMOH-
HoW 6e30MacHOCTM 3KCMyaTaumm
YCTPOWCTB reHepUPYHOLLEr0 UOHU-
3UPYIOLLErO U3NYYEeHMS.

Bo Bcem Mupe ocrtaetcs octpoit
npobnemort nepepaboTka pas-
JIMYHBIX NPOMBbILNEHHBIX U BbITO-
BbIX OTXOAOB HE TO/MbKO C TOUKM
3pEHUS 3aLLMTbl IKONMOMUM, HO W
WX MCMO/Mb30BaHWE B KayecTBe
BTOPMYHbIX PECYpCOB.

B TMY B 3ToM HanpaBneHuu Bbl-
NONHAETCA psA NPOEKTOB.

1. Ymnusauma cynbdaTtKanb-
LiMeBbIX NPOMbILLIEHHBIX OT-
XO0J,0B.

Livkn pa3paboTok MOCBALLEH W3-
YYEHUIO CBOMCTB CynbdaTKanbLu-
€BbIX TMPOMbILUNEHHbIX OTXOA0B,
06pasytoWwmxcs B TEXHONOMMK No-
nyyeHns GTopoBOAOPOAa, a TaKxKe
BONpocaM 06e3BpexmBaHMs KuC-

B OBPA30BATE/IbHOW YACTM KOMIMJIEKC MCNONb3YETCA ANA
PEANU3ALUU NPOrPAMM NOATOTOBKWN TEXHUYECKUX CMELU-
AJINCTOB B OBJIACTU LOCMOTPOBbIX TEXHONIOTUM.
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NbIX FPaHyN000pasHbIX OTXOLHbIX
MaTepuanoB YKa3aHHOW TexHo-
noruu, npoueccam yHUOUKaLMK
TEXHOrEHHOro aHrngpuTa. B pam-
Kax [OaHHOW TemMaTuku paspabo-
TaHbl MHHOBALMOHHbIE Pecypco- u
3HeprocbeperatoLime TEXHONOMUM
NnoONyYeHns U yHUOUKaLUMM aH-
TMAPUTOBOIO BSXYLLEro M3 @TO-
paHruaputa  (MpuM4Y4emM  NOMyTHO
BOB/IEKAETCS B NpoLecc nepepa-
60Tk Mpu HelTpanusaummn GTo-
paHrnapuTa ele OauH KanbLuid-
COAEPXALLMA OTXOL XMUMUYECKOM
MPOMBILLNEHHOCTU — KapOUAHbINA
un), TEXHONMOrMWM CTPOMUTENbHbIX
MaTepuanos W U3Lenuin: nony-
YEHWS aHTMAPUTOBbLIX LWIaKobno-
KOB, IMCTOB CyXOM aHIMAPUTOBON
wrykaTypkun «MAHO», aHrmapuTo-
BOW LWINAKNEBKW, AHTUAPUTOBbIX
KapKaCHO-MOHOMIUTHbIX MOAynen
noMeLleHUn U aHrMapUTO-Nou-
CTUPONbHbIX TENNO- U 3BYKOU30U-
PYIOLLMX CTPOUTENBHbIX U3LENUN.

MpoBeneHbl nabopaTtopHble ¥
MONYNPOMbILUEHHbIE UCMbITAHMUS
3aK/Iaf0YHbIX LUAXTHBIX CMecen
no koHTpakty ¢ OAO «3® MK
Hopwunbckuit Hukenb». B HacTo-
dlwee Bpems NpoBoaMTCs pabo-
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Ta MO 3aK/IOYEHMI0 [0roBOpOB
¢ TOO «Ynbba-TopKOMNNEKC,
r. Ycrb-KameHoropck, OAO «[a-
nollonumep [lMepmb», I. MNepMb #
OAO «CXK», . CeBepck.

2. HayuHo-uccnepoBartenbckue
pa6oTtbl no nepepaboTke oT-
XO[O0B npeanpuaTuii arpo-
NPOMBILLIEHHOTO KOMIUIEKCa
C nosyYyeHMeM >3HepreTuye-
CKOro pecypca - 6uorasa.

JbdekTMBHag cuctema ynpas-
NeHNs 0TXOAAMM KpalHe BaXKHA
[ONS yCNewHoro BedeHUst KOH-
KypeHTocnocobHoro 6u3Heca B
arponpoMbIlLIEHHOM  CEKTOpe.
B Hactosiwee Bpems B Poccun
HabntoaaeTcs pocT TeMNOB CTPO-
UTeNbCTBA W PEKOHCTPYKLIMM
XMBOTHOBOAYECKMUX XO3SIMCTB W
NTULEBOAYECKMX  KOMIMIEKCOB,
O[lHAaKO XO3SACTB, OCHALLEHHbIX
COBpPEMEHHbIMU cucTeMaMu cbo-
pa M yTunAM3aumm OTXOLOB, M3-3a
BbICOKOM CTOMMOCTW PEKOHCTPYK-
LMM BKyNe C MArKMMM 3KONOrnye-
CKMMU HOPMaMU, EAUHULIbI.

AKTUBHOE pa3BWUTUE TEXHONOTUIA
OYMCTKM BO3MOXHO Mocne aparn-
TauMM TexHonormm Kk ocobeH-

HocTam  Poccuiickoro  knmmara.
Ha paHHOM 3Tane uccnenoBaHui
TpebylTCa HayyHble U TexHuue-
CKME MoAXodbl, MNO3BOAAKOLWME
MoNy4YnuTb  BbICOKME  CKOPOCTU
nepepabotkn  Buomacchbl. 370
TpebyeT KayeCTBEHHOr0 HOBO-
ro noaxoga K paspaboTke Tex-
HOMOrUK,  aAANTUPOBAHHOM K
POCCUICKMM peanusaM, a Takxe
MeXAUCLMNAMHAPHOrO MNoAxona
K pelleHuo 3apauu. Heobxoau-
MO CO3[aTb COBMECTHbIE Hay4Hble
rpynnbl UCcnenoBaTtenen — XuMu-
KOB, (DM3UKOB, MeaNKO-OMONOros.,
MaTepuanoBefoB U TEXHUYECKUX
CneunanncTtoB [AOns KoMMiekc-
HOro pelleHns AAHHOM 33jauu.
Llenb npoekTa - nonyuunth onepe-
XaloLiMe HayyHO MpakTuyeckue
pe3ynbTaThl U HOBYH TEXHOJO-
TMK0 TaKOro YPOBHS, KOTOPbIM Mo-
3BO/IMT CO3[aTb CYLLECTBEHHbIN
TEXHONOMMYECKMA 3a4en M [aTtb
TOMYOK Pa3BUTUIO CENbCKOTO XO-
3aictBa Poccum B camom 6nm-
Xaviwem byayuiem.

B ToMcke ycunusiMu psfa HayuHbIx
OpraHu3aumMit  Co3AaHa HayuHas
rpynna, BK/vatowas B cebs cne-
LLMaZMCTOB PasNUYHOro Hanpaene-
HUS M CNOCOBHAs yCreLwHo peLlaTb

MOCTaBNAEHHYI0 B AAHHOW TemaTu-
ke 3agadvy. B ykasaHuywo rpynny
BXOASAT CMELMANUCTbl U yYeHble
Tomckoro MOSIUTEXHNYECKOTO
yHMBepcUTETa, TOMCKOrO LIeHTPpa
pecypcocbepexxeHus u 3Heprosd-
(HeKTMBHOCTH, @ TaKXKe NpeacTaBu-
Tenu busHec-coobLecTsa, KoTopble
3aMHTEpecoBaHbl B  pe3ynbratax
ycnewHon peanusauun HUP. Mpu
noaAepXke agMuMHMCTpauun Tom-
Ckov obnactn u doHaa «IHeprus
6e3 rpaHuu» HayaTa peanusaums
npoekTa «TexHoNorms CKOpoCTHOM
nepepabotkn Buomaccel B 6uo-
MEeTaH C NosyYeHneM TennoBow U
3N1eKTPUYECKOV IHEprumn B yCI0BU-
fX BO3pacTalowmx TpeboBaHuii K
3KONorMyeckoi nepepabotke buo-
NOTUYEeCKMX OTXOLOB 3-4 knacca
OMaCcHOCTM», 3aMyLLEHO CTPOUTENb-
CTBO OMbITHO-MPOMBbILIJEHHOW MO-
HMnbHOM 6MOra3oBoOM YCTAHOBKM.

Co3paHve MaTtepuanoB A4S 3KC-
TpeMasbHbIX YCN0BMIA, Hepaspy-
LALLM KOHTPOTb M AMATHOCTMKA,
YTUNN3ALMSA OTXOAOB — BaXKHEM-
WKe cocTaBnsiloWMe  KacTepa
«besonacHas cpepa obutaHus» -
MO3BONSIOT YHMBEPCUTETY 3aHU-
MaTb SIMAMPYIOLLEE MONOXEHME B
3TOM HarnpasieHUMU.
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