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Hacrosiwee nsgaHve npepcraBnsieT cobom KaTtanor Hay4HO-TeXHUYECKUX pa3paboTok, BbInon-
HEHHbIX B HaY4YHbIX yupexaeHusx Ypanbckoro otaeneHus Poccuiickoii akagemMum Hayk. bonb-
IWMHCTBO M3 NPEACTaBNEHHbIX B KaTasiore pa3paboToK 3aliMLieHO NaTeHTaMu, B pexume HOy-
Xay 1 Opyrumu oXpaHHbIMU BOKYMEHTaMM.

KaTanor cocTonT 13 0TenbHbIX TEMATUYECKIX BbIMYCKOB N0 CrieAYHLM HANpaBeHUAM:
« HoBble MaTepuarnbl 1 TEXHONOrMK
« OyHOaMeHTanbHbIe Hayki — MeauLuHe
« HaHoTexHonorum n HaHomaTepuarnsl. VHhopmMaLoHHble TexHonoru. Mpubops 1 fedektockonus
« PaloHanbHoe npupoaononb3oBsaHie
* OKOHOMUYECKNE TEXHONOMMM. FyMaHUTapHbIe HayKu.

/i3naHne npefHasHayeHO [ans PYKOBOAMTENEA W CheuuanucToB MPOMBILUMEHHbIX U Hay4HO-
OPUEHTUPOBAHHbIX MPEANPUATUA 1 OpPraHN3aTOpPOB BbICTABOK. M3fgaHne npu3BaHO npuBnekatb 4ero-
BbIX MAPTHEPOB, COAENCTBOBATL AKOHOMUYECKOMY Pa3BUTMIO PeroHa u crnocobCcTBOBaThL NMPOABUKE-
HWIO HayYHbIX pa3paboTok Ypanbckoro otaeneHuns PAH B Poccum v 3a pybexom.

This edition is a reference book and compendium of the scientific developments carried out
at the research organizations of the Ural Branch of the Russian Academy of Sciences. The
presented scientific developments are mostly covered by patents, protected as know-how, and
have copyright or other title of protection.

The book is organized into special thematic issues according to the following research directions:
+ Advanced Materials and Technologies.
+ Basic Research for Medical Applications.
+ Nanotechnologies and Nanomaterials; Information and Computing Technologies;
Instruments and Non-Destructive Testing.
+ Rational Nature Management.
+ Economics Technologies and Humanities.

This reference work may be useful for managers and professionals of commercial science-oriented
companies and industrial enterprises, is a must-have for those arranging scientific exhibitions, and is
intended to attract business partners, to contribute to the economic development of the region, and to
promote the scientific developments of the Ural Branch of the Russian Academy of Sciences in Russia
and abroad.
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MAITHATHBIE CEHCOPbI
Ha ocHOBe MeTanInYecKnx HaHOCTPYKTYP
C FTMraHTCKMM MarHMToconpoTuBeHnemv

MAGNETIC SENSORS
based on metallic nanostructures
with a giant magnetoresistance

B WMHctutyTe cbmamkn metannos YpO PAH paspabotaHa
TEXHOMOMNSI CUHTE3a METANMMYECKNX 3MUTAKCUANbHBIX Ha-
HOCTPYKTYP W3 YepeaytoLLMXCs HaHOTONMWMHHBIX heppomar-
HWTHBIX W HEMarHWTHbIX Croes, 06nagarowWmMX MMraHTCKUM
MarHuTope3ncTuBHbIM achdpektom (FTMPJ). Ynpaensemoe He-
KONNMHeapHOe MarHUTHOE YNopsiAoYeHne coceaHnx eppo-
MarHuTHbIX cnoes obecneunsaet bonbLuyto BenuunHy FMPJ
W NINHEIHOE MAarHUTOCONPOTUBIIEHNE B LLIMPOKOM AManasoHe
MarHWUTHbIX NOnen.

The Institute of Metal Physics has developed a technology for synthesis of metallic epitaxial nanostructures
of alternating nano-thickness ferromagnetic and nonmagnetic layers, which exhibit a giant magnetoresistive
effect (GMR). A controlled noncollinear magnetic ordering of adjacent ferromagnetic layers ensures a high
GMR and a linear magnetoresistance in a wide range of magnetic fields.

PaspaboTaHbl 1 13rotoBneHbl coBMecTHo ¢ HIMO «Astomatukmy» (r. EkatepuHbypr) winpokoananasoHHbIe
MarHuTHble CeHcopbl, Umetowmne sennumHy FMP3 1o 20% npu KOMHaTHOW TemnepaType 1 IMHENHOe MarHu-
TOoconpoTueneHune B nonsx Ao 40 k3, U BbICOKOYYBCTBUTENbHbIE MArHUTOPE3UCTUBHBIE LaT4MKK (NaTeHT PO),
obecneumBaioLLye NOBbILEHNE TOYHOCTU U3MEPEHUA B YCTPONCTBAX HEPA3PYLLAKOLWErO KOHTPONS, TaxoMe-
Tpax, MarHUTOMETpax, Npu y4eTe NeKTPOSHEPruu.

Jointly with NPO Avtomatika (Ekaterinburg), the Institute of
Metal Physics has developed and manufactured wide-range
magnetic sensors, which exhibit a GMR up to 20% at room
temperature and have a linear magnetoresistance in fields of up
to 40 kQe; and highly sensitive magnetoresistive transducers,
which improve the measurement accuracy of nondestructive
testing instruments, tachometers, magnetometers, and
electricity measuring devices.

620990, r. EkatepunOypr, yn. C. KoBanesckowu, 18

OppeHa Tpyposoro KpacHoro 3namenun UHcTtutyT dousnku metannos YpO PAH
Hupektop akagemuk YctuHoB Bnagumup Bacunbesuy

Ten.: (343) 374-02-30, cpakc: 374-52-44

E-mail: physics@imp.uran.ru, web-cait: www.imp.uran.ru




CO3AOAHME HOBbIX ONTUYECKUX MATEPWUAJI0B

C ncnosfib3oBaHMemM HaHOTexXHOoJ10rnm

NEW OPTICAL MATERIALS
Obtained by Nanotechnologies

B pabote coobLuaeTcs 0 CHTE3e BbICOKOMPO3PaYHON
kepammky 13 Nd*:Y,0,, B koTopyo Ana pasynopsanoqe-
HS KDUCTaNMYECKO CTPYKTYPbl BBOAWMCH A06aBKM
6 mon.% Zr0, 25 mon.% Sc,0, um Lu,0,. McxoaHbim
MaTepuasiom Cryxunn HaHOMOPOLLKA CO CPeHUM pas-
Mepom 10-15 HM. WX KoMMaKT1poBaHue Npom3BOaMIIoCH
METOOM OfHOOCHOMO CTaTMYECKOro MPEeCccoBaHns ¢
yrbTPa3sByKOBbIM BO3AENCTBMEM HA HaHOYacTuLb!. [laB-
neHve nipeccoBaHus coctasnsno 200 Mia, mMoLHocTb
yrbTPa3ByKOBOrO reHeparopa — 1,5 kBT. NokasaHo, yto
MpW 3aMeLLeH Y W30BareHTHbIMU MoHamu Sc u Lu,
a TakKe reTepoBarieHTHbIMA MOHAMW Zr YMeHbLIaEeTCs
CoAepXaHue Mop 1 pasmepbl KpUCTANTOB.

Highly transparent ceramics of Nd*:Y,0, is
reported to be synthesized, with 6 mol % ZrO,,
25 mol % Sc,0, or Lu,0, added for disordering of
the crystal structure. Nanopowders with an average
particle size of 12-15 nm were used as starting
materials. Nanopowder compaction was performed
by the method of uniaxial static pressing combined
with ultrasonic action on nanopowders. Compacting
pressure was 200 MPa and the ultrasonic generator
capacity was 1.5 kW. Pore content and crystallite
size have been shown to decrease as yttrium is
substituted with isovalent ions of scandium and
lutetium and heterovalent ions of zirconium.
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Puc. 1. CDOTorpa(bw 0bp asuos Kepamuk 13

Yb*:(Lu, .Y, (1,2,3), Yo*(Sc, .Y, )0, (4)
MNd3 0222%%2752 0, (5,6), nonmpo%zéHﬁg?x263M0n.
%ZrOZ.
F|g 1. Pictures of ceramic samples of
Yb**: Lug Y075 ,(1,2.3), Yb*:(Sc, .Y, 4)
and No**{Lu 025 07520, (5,6) doped wﬁhémoal %
Zro,
CI/IHTe3I/IpOBaHbI HOBbIE onTnyeckune Ma-
TEpuansbl Nd*:(Lu, .Y, 5),0,*6 Mon.%

20,  Nd*:(Sc,,Y, J.0+6 won% 210,
Yoo+ (Sco25Y075)203 £6° Mon. % ZrQO, (puc. 1) ¢ pas-
yNopSiAOYEHHON KpI/ICTaJ'IJ'II/Il-IeCKOI/I cTpykTypon. B
TakMX Kepamukax LOCTUTHYT KO3(hULIMEHT npo-
nyckanns 82,2 % npu ux TonwmHe 2,5 MM (puc. 2).
lMokasaHo, YTO NpU pa3ynopsgoYeHU Kpuctanmu-
4ECKOW CTPYKTYpbI YLIMPEHUE CMEKTPanbHOM Noso-
col *F,,—*l,,, noHa Nd** sospacraet ¢ 11 0o 40 Hm
(puc. 3). Co3gaHue Takux maTepuarioB BaxHO Ans
pa3paboTkn (heMTOCEKYHAHbIX NTa3epoB, B KOTOPbIX
OnUTENBbHOCTL  TeHepauun  06paTHO  mponopLmo-

HallbHa WWWPUHE nepexoaa.

Puc. 2. CnekTpbl nponyckanns
00pasLoB kepamuK.

Fig. 2. Transmission spectra of
ceramics samples.

Puc. 3. CnekTp ntoMuHeCLeHLMm
006pasuoB KepamuK.

Fig. 3. Luminescence spectrum of
ceramics samples.

New optical materials with compositions {Nd**:
(Luy Y ,75),0, + 6 mol % ZrO,}, {Nd**: (Sc 25Ym)zo3

+6'mol % 70 .5, and {Yb*": (Sc 25Y 75,0, + 6 mol
% ZrQ,} have been synthesized (F|g 1), ‘which have
a disordered crystal structure. In such ceramics, a
transmittance of 82.2 % is obtained at a thickness of
2.5mm (Fig. 2). ltis demonstrated that the disordering
of the crystal structure results in the broadening
of the *F,,—*l,,, spectral band of Nd** ions from
11 to 40 nm (Fig. 3). Creation of these materials
is important for the development of femtosecond
lasers, with the lasing duration inversely proportional
to the width of the transition.
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CO3OAHME HAHOTEXHOJ10rM CUHTE3A Nd*":Y,AL.O,,
KepamMuKun — aKkTUBHbIX 3/IEMEHTOB TBEPAOTESNbHbIX Jla3epoB

SYNTHESIS NANOTECHNOLOGY of Nd3*":Y_,AlL.O,,
Ceramics: Active Elements of Solid-State Lasers

B xoae paboTbl Co3AaHbl OCHOBbI HAHOTEXHOMOTUN CUHTE3a ONTUYECKUX Ke-
pamuK. TexHonorms COepXUT TPy 3Tana: NasepHblil CUHTE3 HAHOMOPOLLIKOB,
i MX CTAaTU4ECKOe KOMMAKTMPOBaHMe C Y3 BO3AEGNCTBMEM HA HAHOYaCTULbI U
I~ BaKyyMHOE CriekaHe koMnakToB. Takod Moixod no3sonun nonyyats ec-
. nopuctele Nd*:Y,0, n Nd*:Y,Al,O,, kepamuku nasepHoro kadecrsa.

Fundamentals of nanotechnology have been created for synthesis of
optical ceramics. The technology includes three stages: laser synthesis of
nanopowders, static compaction with an ultrasonic effect on nanoparticles,
and vacuum sintering. This approach has made it possible to obtain nonporous
Nd*:Y,0, n Nd*:Y,AL.O,, laser ceramics of
high optical quality.

Pa3BuTas HaHOTEXHONOMUS OTNNYAETCA
Puc. 1. ®otorpachus Haronopowka u - OT W3BECTHbIX ABYMS U3 TPEX ee 3Taros.
A paavoro copra nopowns nocne. TTOYHEHME  HAHOMOPOLLIKOB  MPOMIBOAMT-
CeMMeHTaL M. Cd METOOOM Ila3epHOro cuHTesa, obe-
Fio QheASﬁ’Qgﬁg{ﬁﬁﬂtgnngf”ggmdgr CMEYMBAIOLLIETO  HaWUMeHbLUMe  pasMepsl
different kinds of nanopowders after HaHouacTuy (~10 HM) (puc. 1), a Takke nx
sedimentation. CTaTM4ECKOro KOMNaKTMpOBaHMs ¢ Y3 B03-
AENCTBMEM Ha HaHoYacTUupl (puc. 2). Takon nogxogd obneryaet nosydye-
HMe BecnopucTbIX BbICOKOMPO3PAYHbIX KEPAMUK, CHIKAET UX CTOUMOCTb U1
OTKpbIBAET BO3MOXHOCTb YBEMMYEHUS pa3MepoB. TeXHONMOMs Hanpasne-
Ha Ha CO34aHuWe aKTWBHbIX 3NIEMEHTOB TBEPAOTENbHbIX TEXHOMOTMYECKUX  Pyc. 2. CTatiyeckuii npecc ¢

na3epos (puC. 3) 1 CBEPXMOLLHbIX NTa3ePHbIX CUCTEM. Y3-B03GHCTBUEM Ha KaHOIACTHLLL.

Fig. 2. Static press with ultrasonic
treatment of nanoparticles.

Two stages of the developed nanotechnology distinguish it from the
known technologies. Nanopowders are obtained by laser synthesis method,
which provides the smallest nanoparticles (~10 nm) (Fig. 1), and by the
pressing of nanopowders by static compaction with ultrasonic treatment
of nanoparticles (Fig. 2). This approach facilitates the process of obtaining
nonporous highly transparent ceramics, reduces their costs, and opens up
the possibility for size increase. The technology is aimed at the creation of
active elements of solid-state lasers (Fig. 3) and superpower laser systems.

Puc. 3. doTorpachms obpa3iia kepamuku.
Fig. 3. A photograph of ceramic sample.
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TOHKOMJIEHOYHbIV 3NTEKTPOJIIOMWHECLEHTHb

In
MCTOYHMUK CBETA
THIN-FILM ELECTROLUMINESCENCE
Light Source

PaspaboTka cBsi3aHa C CO304aHMEM BbICOKOIDAEKTUBHBIX 7/~ et N\
CBETON3MYyYatLLMX YCTPOMCTB HA OCHOBE MOMYMNPOBOAHMKOBBIX _
TOHKWX MAEHOK 1 HAHOCTPYKTYp ZnSe u ZnS B nopucton ma- | ._____’#— ¢ 5i0,1
Tpuue ALO,. MuHnaTiopHble 1 CBEPXMUHUATIOPHbIE MCTOUHNKNA
N3Iy4eHNs C BbICOKOI(MEKTUBHBIMI 3MEKTPOSTIOMUHOGOpamm ]

Ha OCHOBE HAHOYACTUL LUMPOKO30HHBIX NOMNYNpPOBOAHWKOB, 06- tond Docsom

NagaroWnX yHUKanbHbIMK CBOMCTBaMM, npeacrasnatT 0cobbIi \. J
WHTEPEC AN1A CO34aHNA HOBbIX BblCOKOS(b(*)eKTVIBHbIX NCTOYHU-
koB cBeTa. [Insi co34aHMs UCTOYHMKOB WUCMONb30BaHbl METOAbI Puc.1. CtpykTypHas cxema

TEPMUYECKOrO W MarHETPOHHOTO HaMbINEHNs U NOAXOAbl «MaAr- 27X TPOTOMUACCLERTHOTO MCTORFIE.
Fig. 1. Structural scheme of an

KO XUMWUWMY, OTIIMYAIOLLMECH HU3KOW SHEepro3aTpaTHOCTBI M electroluminescence source.
9KOTOrMYHOCTbIO NPOLLECCOB.

This development is related to high-performance light-emitting
devices based on thin films and nanostructures of ZnSe and
ZnS semiconductors in porous matrix of ALO,. Miniature and
subminiature radiation sources are of special interest for the
creation of new high-performance light sources. Application promise
of optical materials is mainly associated with highly effective
electroluminescent materials based on nanoparticles of wide-gap
semiconductors with unique properties. For creation of sources,
Pyc.2. HaHopaswepHble CTpyKTyphi CeneHuaa thlermal and magnej[ron evaporation approachgs are appliedlalong
LIVHKa, MONYYEHHbIE METOZIOM TEPMUYECKOTO with the “soft chemistry” methods, featured with low power inputs

ucnapeHus matepuana Ha nopucTble NieHKn okcnaa H
ANIOMMHIS, OGNS YAANSHNS MATPULI and environmentally sound processes.

Fig. 2. Nanoscale structures of zinc selenide
obtained by thermal evaporation on the porous
alumina films after removal of matrix. 4 . )

CTOYHMK cBeTa CO CreaytoLmMMmM XapakTepucTy-
KaMu: SIPKOCTb — He MeHee 5 1K, HanpshkeHue BO3-
Byxpatowwero nons — He Gonee 50 B npu Toke He
Bonee 50 MA, yacToTa Bo3byxgatoLLero nons — He
Bornee 2 kl'y,

The light source has the following characteristics: ~ \_ i RIMIHE 00y a1t ' )
brightness is not less than 5 Ix; an exciting field
VOItage Is not greater thar? ,50 V at a current (?f not Pwc.3. BHelwHWi BUA onbITHOTO 0bpasLa Ha 1CnbITaTenbHOM CTEeHAe.
greater than 50 mA; an exiting field frequency is not Fig. 3. Atest-piece on a test bench,
greater than 2 kHz.
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DdOTOKATAJIM3ATOPbLI
PHOTOCATALYSTS

Pa3paboTaHa TEXHONOrMs HanpaBIEHHOrO CUHTE-
3a HaHOpa3MepHbIX TBEPbIX PaCTBOPOB Ha OCHOBE
AONMPOBAHHOTO OKCUAA LMHKa C 3adaHHON MOpo-
noruen, B T.4. B BAe HaHOTpy6ok. MonyyeHHble Ma-
Tepuanbl TeCTUPOBaHbI B KAYECTBE KaTann3aTopos
(POTOOKMCIIEHUS TMOPOXMHOHA B BOOHOW Ccpeje npu
06nyyeHumn B YO 1 BUAMMOM AnanasoHax CrekTpa.

MPUMEHEHWE

+ Katanusatopbl hOTOKAaTanUTM4ECKOro OKUCMEeHNS
TOKCWYHbIX OpPraHUYECKMX BeLLecTB, obessapaxu-
BaHMS BOAbI 1 BO3dyxa OT 60Me3HeTBOPHbIX bak-
Tepun.

* AKTUBHbIE 3MEMEHTbI fYeeK AN PasnoXeHns
BOAbI NOA AENCTBIEM CONTHEYHOrO CBETA C LIENbIO
nonyyeHnst BOLOPOAa.

A technology has been developed for controlled
synthesis of nanosized solid solutions based on
doped zinc oxides with pre-assigned morphology
including those in the form of nanotubes. The
synthesized solutions were tested as hydroquinone
photooxidation catalysts in aqueous medium during
irradiation in UV and visible spectral regions.

APPLICATION

« Catalysts for photocatalytic oxidation of toxic
organic substances, and for decontamination of
water and air by removing pathogenic bacteria;

* Active components of cells for the decomposition
of water under exposure to sunlight to produce
hydrogen.

10kY X1,400 10um 1658 11 32 SEI

COM npogykToB Tepmonuaa:

a) Zn, Mn (HCOO)(OCH,CH,0)

12

6) Zn, Mn OCH,CH.0.

NPEMMYLLECTBA

+ Cnocob HanpaBneHHOr0 CuHTE3a (hOTOAKTUBHBIX
TBEPAbIX PACTBOPOB ABMSAETCS YHUBEPCANbHbIM.

* Mpeanaraembliit cnocob No3BonseT NoMyyaTb Ha-
HOPa3MepHbIN OKCUA LMHKA C 3adaHHbIMM  pas-
Mepamu u Moponoruei.

+ [laeT BO3MOXHOCTb CMECTUTb (hoTOKaTanuTUye-
CKYH0 aKTUBHOCTb OKCUAA LMHKa 13 ynbTpaduone-
TOBOrO B BUAMMbIN AyanasoH CrekTpa.

620990, r. EkatepunOypr, yn. Mepsomainckas, 91
WUHcTutyT xumumn tBepgoro tena YpO PAH

ADVANTAGES

+ The proposed method of controlled synthesis of
photoactive solid solutions is universal;

* It permits synthesis of nanosized zinc oxide with
pre-assigned dimensions and morphology;

« The method allows shifting the photocatalytic
activity of zinc oxide from UV to visible spectral
region.
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HAHOKOMIMO3NTHBbIE TPEKOBbIE MEMBPAHDbI
NANOCOMPOSITE TRACK MEMBRANES

10

PaspabotaH cnocob mMoguuuMpoBaHus  nonu-
MEPHbIX TPeKkoBbIX MeMm6paH (IMTM) nytem  MOHHO-
NNasMEHHOTO HarnbIfeHNs Ha WX MOBEPXHOCTb (DYHK-
LUuoHanbHoro nokpbiTs. OCOBGEHHOCTBI0 MOA0BHbIX
MeMBpaHHbIX MaTepuanoB SBMSETCA COBMELLEeHMe
MOP(OMNOrN4ecknXx CBOWCTB MOMUMEPHBIX TPEKOBbIX
MeMbpaH M HAHOCMMOTO HEOPraHNYECKOrO HAHOCTPYK-
TYPUPOBAHHOTO MOKPbITUA. [lonyyaemble No 3TOMY
MPUHLMMY HAHOKOMMO3WUTHbIE TPEKOBble MeMBpaHbl
(HKTM) no psimy xapakTepucTuk (Xumudeckas CTOM-

Egﬁ;;’gﬁ;g“ﬂ w3 TIN Ha HKTM 8 3asucumocTu oT Bpemen KOCTb,  AMEKTPOMPOBOANMOCTb,  (PUALTPALIMOHHbIE

The shape of a TiN coating on NCTM vs the time of spraying. cBoiicTa) npesocxoaat MTM.

A method has been developed for the modification of polymeric track membranes
(PTM) by ion-plasma spraying of a functional coating on their surface. Such
membrane materials combine the morphological properties of PTM and of the
applied inorganic nanostructured coating. Nanocomposite track membranes
(NCTM) produced in this way are superior to PTM in chemical stability, electric
conductivity, filtration, and some other properties.

OueHka Bronornyeckmx

MPEUMYLLECTBA NMPEANATAEMOW TEXHONOMAM HOMTIOHSHTOB TIPUPOLIMLIX B0/
Evaluation of biological components
* BoamoxHocTb BapbupoBaHus pasmepa nop HKTM nytem u3mMeHeHWs BpEMERN i natural water.
HanbINeHMs NOKPbITUS. BO3MOXHOCTL NonyyeHnss membpaH ¢ MameTpom nop
nopsigka 1-6 HaHomeTpoB u Bonee.
+ Co3naHue noBEepXHOCTM C BbICOKOW 3MEKTpPO- W TENnonpoBOAHOCTLIO Gnaro-

Aaps HaHECEHHOMY HUTPUOHOMY CIIOHO.

ADVANTAGES

* The pore size of NCTM may be varied by changing the time of spraying.
Membranes with pore diameter of 1 to 6 nm or larger can be produced.

+ Surfaces with high electric and thermal conductivity are created as a result of
the deposition of a nitride layer.

OBNACTWN MPUMEHEHNA HKTM
* B KayectBe anekTpoga [N OCYLLECTBMIEHUS CEMEKTUBHOM unbTpaLmm
1 ANEKTPOXUMUYECKOrO OCaXKAEHMS.

* B kayecTtBe noanoxek ans SJ'IeKTpOHHOVI MUKPOCKOMNNW. Hakonseue 1 pocT kpuctansnos Mesu
Ha nosepxHocT HKTM B npouecce
3MEKTPOXMMMYECKOrO B3aUMOAENCTBMS

APPLICATIONS OF NCTM C KMCTIOW PYAHUYHOM BOZOW, pH=2,2.
+ The coatings can be used as electrodes for selective filtration and electrochemical ~ Accumulation and growth of copper
deposition crystals on the surface of NCTM during
P : . electrochemical interaction with acid
* NCTM can serve as substrates for electron microscopy. mine water, pH=2.2).

620990, r. EkatepunOypr, yn. Mepsomanckas, 91
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]é YCTAHOBKA TrASO®A3HOINo CUHTE3A
P g INSTALLATION FOR GAS-PHASE SYNTHESIS
M

B WnctutyTe cpusnkm metanno YpO PAH co3aaHa yHWkanbHas ycTaHOBKa W paspaboTaH MeTog nosyye-
HWS HAHOYACTUL, METarnoB, MX OKCUOOB WU MeTans-yrnepoaHbIX HAHOKOMMNO3NTOB. HaHOYaCTULbl XapakTepu-
3yeT BbiCOKasi OAHOPOAHOCTL NO pasMepy. MeTann-yrnepoaHble HAHOKOMNO3UTbI OTMNYAKTCA YHUKANBHOW
YCTONYMBOCTBH K OKUCTIEHWO MPY XPaHEHUM 1 MPUMEHEHUN U BbICOKO HUOCOBMECTUMOCTBIO.

The Institute of Metal Physics has designed a unique installation and developed a method for production of
nanoparticles of metals, their oxides, and metal-carbon nanocomposites. The nanoparticles are characterized
by a high size homogeneity. The metal-carbon nanocomposites are distinguished for their unique resistance to
oxidation in storage and use, and are remarkable for their high biocompatibility.

CsoncTBa HAHOKOMMO3UTOB W HaHo4acTuy, obecneunBaiT nx NPUMEHEHNe B MeguumMHe npu Co3gaHun
B1OCOBMECTUMBIX HaHOpPa3MepHbIX MaTepunanoB And NeKapCTBEHHbIX CbOpM; ana Hal'lpaBJ'IeHHOVI [OCTaBKu
NleKkapcTB; ANarHOCTUKK U BO3MENCTBUS HA BUONOrNYecKne MULLEHU, a Takke B MeTannyprun ana CuHTesa
COeaVHEHUI TpyAHOCNIaBNAEMbIX KOMMOHEHTOB.

Owing to the useful properties, the nanocomposites and nanoparticles have found application in medicine in
the creation of biocompatible nanoscale materials for drugs, in the directed drug delivery, in diagnostics, and in
the effect on the biological targets. They can also be used in metallurgy for synthesis of compounds comprised
of poorly alloyable components.

620990, r. EkatepunOypr, yn. C. KoBanesckou, 18
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CINNABOATPETMPOBAHHbIE HAHOIMOPOLUKN

WEAKLY AGGREGATED NANOPOWDERS

12

PaspaboTtaHbl MeTodbl M 0bopyaoBaHue ans umM-
NyrbCHOrO HarpeBsa MaTepuana ¢ Lesbi NonyvyeHns
cnabo arnomepupoBaHHbIX U cnabo arpermpoBaH-
HbIX HAHOMOPOLLIKOB.

MeTogoM 3MeKTPUYECKoro B3pbiBa MPOBOIOKM
CUHTE3NPYIOTCS:

- HaHonopowwuku metannos u cnnasos Al, Cu, Fe,
Ni, Ti, W, Mo, Al-Mg, Ni-Fe 1 gpyrue ¢ pasmepom ya-
ctuy dBET B obnactu 50-100 HM, npon3BoauTeEnb-
HocTb 50-200 r/vac.

- HaHonopoLwk1 okcuaoB METannoB ¥ Chnaeos.,
AI203, CuO, NiO, Zr02, TiO2, (MgAl)203 u apyrre
¢ dBET B o6nactu 15-100 HM, NpoON3BOANTENBHOCTL
50-300 r/vac.

MeToaOM nasepHOro WUCNapeHus MULIEHU MPo-
N3BOAATCS HAHOMOPOLLKK CMOXHbIX OKcuaoB: YSZ,
ScSZ, NdYAG, NdY203, GDC, SDC v gp. dBET =
10-15 Hm, nponssoanTensHocTb 15-80 r/yac.

=4

-
.
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Methods and equipment have been developed
for material pulsed heating to obtain weakly
agglomerated and weakly aggregated nanopowders.

The following nanopowders are produced by the
electrical explosion wire method:

Metals and alloys Al, Cu, Fe, Ni, Ti, W, Mo, Al-
Mg, Ni-Fe and others with dBET of 50-100 nm,
productivity 50-200 g/h;

Oxides, Al203, CuO, NiO, Zr02, TiO2, (MgAl)203
and others with dBET of 15-100 nm, productivity 50-
300 g/h.

The following complex oxide nanopowders are
produced by the laser evaporation method:

YSZ, ScSZ, NdYAG, NdY203, GDC, SDC and
others with dBET = 10--15 nm, and productivity of
15 to 80 g/h.

OBNACTW NPUMEHEHWA
* KOHCTPYKLMOHHas kKepamuka;
* MaTepuasbl TOMIMBHbIX 31IEMEHTOB;
* KaTanuTudyeckune fobasku;
¢ NOMUHOOPBI.

FIELDS OF APPLICATION:
« structural ceramics;
+ fuel cell materials;
* catalytic addition;
* phosphors.

620016, r. ExatepunOypr, yn. AMyHaceHa, 106
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TEXHOJ10I4 NoJ1Iy4HEHNA
KOHAEHCaTOPHbIX HAHOKPUCTAaNIN4YEeCcKNX
NMOPOLLKOB TaHTana u HMobus

TECHNOLOGY FOR PRODUCING
Nanocrystalline Capacitor Grade
Tantalum and Niobium Powders

B WHctutyTe metannyprum YpO PAH coBmectHo ¢ OO0 «TexHomnorum TaH-
Tana» paspaboTaHa TEXHOMOMUs MPOM3BOLCTBA HAHOKPUCTANIUYECKUX MO-
POLLKOB TaHTasna 1 HWobus ¢ UCNoNb30BaHNEM AMEKTPOXUMMYECKOro npoLiecca
B pacnnaBfeHHbIX COMAX, NPU KOTOPOM BOCCTAaHOBMEHWe 1 KpucTannmuaaums
MeTarna npoucxXoasaT BO BCeM 0BbeMe NEKTPONU3HON BaHHI.

OBJACTb NPUMEHEHNA
* MPOMbILLIIEHHOE NPOM3BOACTBO HAHOMOPOLLKOB NPaKTUYECKN NoBbIX MeTan-
I10B 1 NOMNYNPOBOSHWKOB;

* NPOU3BOACTBO 3MEKTPOHHbBIX KOMMOHEHTOB.

OCHOBHBbIE XAPAKTEPUCTWNKW TEXHONOI A

NpOLLecc BOCCTAHOBNEHUS 1 KpUCTANNNU3aLmuy NpoTekaeT B roMOreHHOM pacnnase conei B ycrnosusx abeo-
noTHoro 6anaHca peareHToB npakTiyecku co 100% BbIXoLOM LiENeBOro NpoaykTa.

A new technology for agglomerated nanocrystalline tantalum powders production has been developed in
the Institute of Metallurgy in co-operation with Tekhnologii Tantala Co.Ltd. (Tantalum Technologies). It involves
electrochemical process in molten salts, during which both reduction and crystallization of metal take place in
the bulk in the electrolysis bath.

APPLICATION FIELDS ARE AS FOLLOWS
« commercial production of a great variety of metals and semiconductors nanopowders;

+ manufacture of electronic components.

KEY FEATURES OF THE TECHNOLOGY

The processes of reduction and crystallization of metals take place in a homogeneous salt melt under reaction
bal-ance with a 100% end product yield.

OCHOBHbIE NMPENMYLECTBA JAHHOW TEXHONOT K
* Hu3kas ce6eCToMMOCTb NPOAYKLNK;
* BbICOKas YUCTOTA HAHOMOPOLLKOB;
* BapbypOBaHWe rpaHyIOMETPUYECKOTO COCTaBa 1 MUKPOCTPYKTYPbI MOPOLLKOB B LLIMPOKOM Anana3oHe nnot-
HOCTbIO TOKa M TeMNepaTypor npoLecca;
* KOMMaKTHOCTb BCEr0 NPOU3BOACTBA, BO3MOXHOCTb aBTOMAaTU3aLMM;
* npakTnyeckn 6e3oTxo4HOe NPOU3BOACTBO.
COMPARED TO KNOWN TECHNOLOGIES, THE MAJOR ADVANTAGES OF THE PROPOSED
ELECTROCHEMICAL TECHNIQUE ARE AS FOLLOWS
Low cost of products;
High purity of nanopowders;
By varying the process temperature and current density, the grain size distribution
and microscopic structure of powders can be controlled in a wide range;
Compactness of production and automation feasibility;
Environmentally appropriate and practically wasteless production.

620016, r. EkatepuH6bypr, yn. AMyHaceHa, 101
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HAHOPA3MEPHbDIE NMOPOLLUKWA
TaHTana, H1obusa n apyrux meTasnnos

TECHNOLOGY FOR PRODUCTION
OF NANOSCALE POWDERS
of Tantalum, Niobium and Other Metals

14

Pa3paboTaH OopurmMHanbHblii cnocob aneKTPOXMMUYECKOrO AWCrepripoBaHns
metannos v cnnasos (Nb, Ta, W, Mo, Re, Pt, Ni, Cu, Fe, ctans X18H10T u gp.).
CreneHb ancnepcHocTy Bapbupyetcst oT 10 oo ~200 HaHOMETPOB (MO XenaHuto)
C HaHopa3MepHon cocTasnstowen o1 5 4o 40 %; yaensHas NnoBePXHOCTb COCTaB-
NseT OT AecATbIX Aonen M4/r 4O HECKOMNbKWUX AEeCATKOB M Bonee.

Basic research into the interaction of metals in molten salts resulted in a unique
method for electrochemical dispersion of metals and alloys (Nb, Ta, W, Mo, Re, Pt,
Ni, Cu, Fe, Cr18Ni10Ti steel, etc.). The degree of dispersion is between 10 and
200 nanometers (as required), with the nanoscale component content of 5 to 40%;
the specific surface is tenth fractions of m?g to several tens or larger.

NPEVMYLLECTBA MPEANAFAEMOIO CNOCOBA

* BO3MOXHOCTb CO3aaHusi UMMOPTO3aMeLLatLLero NPON3BOACTBA BbICOKOEMKMX
KOHZEHCaTOPHbIX MOPOLLKOB MMPOBOrO KayecTBa Ha 6ase 0TeYeCTBEHHbIX Cbl-
PbEBbIX MCTOYHMKOB, KOMMOHEHTOB BbICOKO3HEPTETUYECKUX CUCTEM, KaTann3a-
TOPOB U Ap.

+ ObopyaoBaHve Anst NONYYEHNs NOPOLLKOB He SIBNSIETCS JOPOrocTosLLMM. Bech
MPOLIECC XapaKTEPU3YETCs HU3KUMI HEprosaTpaTamm.

ADVANTAGES

YcTaHoBKa 7151 NOny4eHus
HaHOLMCMEPCHbIX NMOPOLLKOB
TaHTana u Huobwms.

Installation for producing tantalum
and niobium metal nanopowders.

+ On the basis of domestic raw material supplies, it is possible to establish import-substituting industry for
making capacitor grade metal powders for high-energy system components, catalysts, etc.
+ The equipment used for production of powders is inexpensive. The production process is characterized by

low energy consumption.

KOHAEHCATOPOB C XapakTepUCTUkamu:

MpumMepbl NOPOLLKOB TaHTana Anst KOHAEHCATOPOB, fee HU3KOW CeDeCTOMMOCTH.
nomy4eHHbIX Mo fpeasaraeMoi TeXHOMormu:

CrieBa BBEPXY — MCXOAHbIN MPOJYKT, «BOJIOKHA»

YAEMBHAA EMKOCTD ..ovvvveviiseeeseieieeenens
TOK YTEUKM....ovevvvrrceeneienseieseseneeeseseseeens
HaNPSHKEHNE NMPOBOST .......covvveeecrie,
KOTOpble CYLECTBEHHO NPEBLILLAKT XapaKTEPUCTUKN OTEYECTBEHHBIX
NPOM3BOANTENEN M He YCTYNaloT UMNOPTHLIM MPW 3HAUMTENBHO 60-

N3 HaHOMOPOLLIKOB TaHTamna 1 H1OBUS N3rOTOBMEHbI OMbITHbIE napTmn

ot 3000 go 65000 mkKn/r;
.............. ~ 1-10 HA/MKKR;
........................ 80-180 B,

cnaBocLiernieHHble KOHrmomMepaTsl ¢ Tantalum and niobium nanopowders were used to make test batches

HaHopa3smepHon cocTasnstoeit (18-20 %); cnesa
BHW3Y — arnoMepupoBaHHbIif MOPOLLOK; CripaBa

~ CTPYKTYpa FOTOBOTO CepfieyHuka TaHTanosoro  SPECIfic CAPACIEY ....vvvvevevvreieeeirecesicicins
KoRAericartopa. leakage CUITent...........cc.eveeveceevecreeeeea.
breakdown voltage ..........cccoeernicinnnne.

of capacitors having the following characteristics:

..... 3000 to 65000 mkC/g;
............... ~1-10 nA/mkC;
......................... 80-180 V.

These characteristics are much better than those provided by
domestic manufacturers and are on a par with foreign makes, while
the production cost is considerably reduced.
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HAHOBOJ1I0OKHA KPEMHWUA
SILICON NANOFIBERS

Pa3paboTaH HOBbIi cnocob MOMy4eHUs HAHOBOSIOKOH KPEMHUS
ANeKTPONN3OM W3 XIIOPUAHO-PTOPUAHBIX pacnnaBos coneit. Monyye-
Hbl BONTOKHUCTbIE SMEKTPONUTAYECKME OCAAKM KPEMHUS C PA3NNYHbIM
anameTpom HUTK (100 HM 1 MeHbLLE) 1 CpeaHUM pa3MepoM KpucTars-
noB KpemHus 0 20 HM.

MpepnaraembIin ANEKTPONMTUYECKUIA CNOCOO NO3BONSAET:

* YMeHbLNTb ce6eCTOMMOCTb M3rOTOBINEHUST HAHOBOIIOKOH KPEMHMS
B 1,5-2 pa3a nNo CPaBHEHWIO C M3BECTHLIMM CNOCOOAMM 3a CYET CHIXKE-
HWSt 3HEPTOEMKOCTM npoLiecca.

BONOKHVCTbI 0CaAOK KDEMHUS, NONyYeHHbI * PerynupoBaTb CBOICTBA MOSTy4aeMbIX BOSIOKOH KpeMHus, aobusa-
pachuHMpoBaHWeM Sin3 pacnnasa M

KCI-CsCHK SiF . SCb TaKOW CTPYKTYPbI UX NOBEPXHOCTU, KOTOPAs ONTUMAaribHa A1 Kax-

Fibrous silicon deposit obtained by refining of [0M KOHKPETHOW CUTYyaLuu.
silicon from KCI-CsCI-K,SiF, melt.

Anew method has been developed for production of silicon nanofibers
by electrolysis from molten chloride-fluoride salts. Fibrous electrolytic deposits of silicon with fibers of various
diameters (100 nm or less) and silicon crystals up to 20 nm in size on the average have been obtained.
Advantages

+ Owing to smaller energy consumption, the production costs of silicon nanofibers are reduced by a factor of
1.5-2 as compared to the known methods;

+ The new method makes it possible to control the properties of silicon fibers, attaining the surface structure
that is optimal for specific requirements.

NMPUMEHEHWE PA3PABOTKI

* brnarogapst cBoel yHWKanbHOW reoMeTpuK NosynpoOBOAHWUKOBbLIE HAHOBO-
IIOKHa KPEMHWS HAXOAAT NPUMEHEHNE B HAHOINEKTPOHNKE, BUOCEHCOpUKE
W TEXHONOTUSIX, CBA3AHHbIX C NPOM3BOLACTBOM COMHEYHbIX GaTapeit.

* HaHOBOMOKHA KPeMHWS UCMONb3YHTCA A1 U3rOTOBIIEHUS aHOLOB B NUTHE-
BbIX XMMWUYECKNX UCTOYHWKAX TOKA W BbIOEPXMUBAKOT MHOMOKpaTHOE peLu-
KnupoBaHue NuTus ¢ HabyxaHuem u cxatneM B 4 pasa 6e3 paspyLueHus (B
OTNMYME OT MaKpPOOOPaA3L0B 13 KPEMHMS).

* EMKOCTb JTTMEBBIX XMMUYECKIX UCTOYHWNKOB TOKA C UCTIONb30BAHNEM aHO-  BorokHa KpemHis pasiiiHoro
[0B W3 HAHOBOJIOKOH KPEMHWSI BO3pacTaeT B 2-3 pa3a Mo CPaBHEHWMIO C Avametpa.Biana bokosas orpakka
HbIHE UCnonb3yeMbiMu nNuTUeBbIMU XATamu ¢ rpadpMToBLIMU aHOZAMM. lgﬂgg;%ﬁﬁggf;ﬁC”T%@R?S;K”awa”

Silicon fibers of various diameters.

APPLICATIONS | N Soen i e g o ik e whih
+ Owing to their unique geometry, semiconductor silicon nanofibers have
found application in nanoelectronics, biosensorics, and solar batteries-related technologies.
+ Silicon nanofibers are used for making anodes of lithium chemical current sources. They withstand multiple
recycling of lithium with 4-fold swelling and shrinkage without failure (unlike silicon macrosamples).
+ The capacity of lithium chemical current sources with anodes made of silicon nanofibers increases 2 to 3

times as compared to the capacity of lithium chemical current sources with graphite anodes.
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NMONYHEHWNE HAOAMOJEKVAPHbLIX MATPUL
Ha ocHoBe cpepnyecKknx YacTul, KpemHesema

METHOD FOR OBTAINING PERMOLECULAR MATRIXES A
Based on Spherical Silica Particles

[onyyeHne HagMONeKYNApHbIX CTPYKTYP KPEMHE3EMA B CBSA3M C UX UC-
NONb30BaHMEM B CUHTE3e ONTUYECKUX (POTOHHBIX KPUCTAmNNOB, a Takke
BO3MOXHOCTbIO UX MPUMEHEHMWS B CO3AaHWM LLIMPOKOrO Knacca HaHOCTPYK-
TYPUPOBaHHbIX MaTepuanoB, O4YeHb akTyarnbHo. Hamu npepnaraetcs

» YCOBEPLUEHCTBOBAHHAs METOAMKA YNPaBISeMOro CMHTe3a Chepuyecknx

e AT ﬁ . YacTuL KpeMHesema, KOTOpbI NO3BONSET NonyvyaTb MOHOAMUCNEPCHbIE

— Wq‘.ﬁg =1
S O J/ YacTuLbl 3aaHHOro AnameTpa B WKPOoKoM uHTepBarne (0T 150-750HM)
pas3mepoB. [lpeanoxeHa MofeNb YCTaHOBKM AN OCaXOEHWs YacTul

Puc. 1. 3aBrcumocTb hopmbl YacTuL
KDEMHE3EMa OT YCTIOBUI NPOBEACHNS KpeMHe3ema B TPEXMEPHYI0 CTPYKTYPY, KOTOpas NO3BOMSET 3HAYUTENBHO

CuHTE3a., CHW3MTb KONMYECTBO CTPYKTYPHbIX HAPYLUEHMIA YNAKOBKM.

Fig. 1. Shape of silica particles depending on
synthesis conditions.

Obtaining permolecular silica structures is highly topical in view of their
use in the synthesis of optical photonic crystals and owing to their possible application in the creation of a
wide variety of nanostructured materials. The Institute of Geology has developed an improved method for
controllable synthesis of spherical silica particles, which makes it possible to obtain equigranular particles of a
specified diameter in a wide range of sizes (150—750 nm). A model has been suggested for silicon particles
deposition in a three-dimensional structure, which considerably reduces the number of stacking faults in the
structure.

MeToavka NonyyYeHns cchepuyeckix YacTuL, KpemHeseMa 6asupyeTcsl Ha U3BECTHOM METOAE MMAponn3a
TeTpasTokcucunaHa. HoBuaHa MeToamky 3akno4aeTcst B 0CO6OM NOLATOTOBKE KOMMOHETOB NEPEL CUHTE30M,
WX COOTHOLLEHUM M TEMNEPATYPHOM pexume npoBeaeHus. Mpeanaremas MOAenb YCTaHOBKW MO OCAXAEHMIO
4acTuL, OCHOBaHa Ha BIMSIHW 3BYKOBOTO W3Ny4YeHUst HA (hOPMUPYIOLLYIOCS HAAMOEKYNSPHYK CTPYKTYPY,
4TO NO3BONISIET NMOMy4aTh 06pasLbl pasmMepomM 1x1x1 cm. OBrnacTbio NPUMEHeHUst HaAMONEKYNSPHBIX MaTPUL
KpeMHe3eMa MOryT ObITb pa3nnyHble HanpaBneHNs ONTUKK WU SNEKTPOHUKM MO CO3AaHNI0 HOBbIX KOMMO3UTHbIX
MaTepmarnoB 1 ONTUYECKUX (HOTOHHBIX KPUCTANMOB.

The method developed for obtaining the spherical silica particles is based on the known method of hydrolysis
of tetraethoxylane. Novelty of the proposed method
consists in the specific preparation of the components
prior to the synthesis process, in the ratio of the
components, and in the temperature of the synthesis
process. The proposed setup for the particles deposition
equipment is based on the acoustic radiation effect on
the permolecular structure formed, which makes it
possible to obtain samples of 1x1x1 c¢m in size. The
permolecular silica particles can be used in a variety
of applications in optics and electronics aimed at the {1 Fleneris yerarons o aoaxierio sacriy pieselva
creation of advanced composite materials and optical  Fig 2. Equipment setup for deposition of siica particles into
photonic crystals. permolecular structure.
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VITEPOOHDBIE N YITTIEPOAMNOJIMMEPHbBIE
MeTanncogep>xawme HaHocTpykTypsbl (Y-YIN-MHC)

CARBON AND CARBON-POLYMERIC
Metal-Containing Nanostructures (C-CP-MNS)

B Hay4Ho-06pa3oBaTenibHOM LIEHTPE XUMUHECKOM (On3IKN 1 Me-
3ockonim npu Mpesuanyme YAMYPTCKOro HayuHoro LieHTpa YpO
PAH coBMecTHO C VbKeBCKM roCydapCTBEHHBIM TEXHUYECKUM
yHuBepcutetoM 1 OAO «/DKeBCKUIN AMEKTPOMEXaHNYECKIIA 3aBOL
— KYMOI» co3gaH psg opurv-HanbHbIX YIIepoaHbIX U yrmepos-
MONMMMEPHbIX  MeTanncoaepxalyx HaHoctpyktyp (Y-YT-MHC),
06riafatoLLmMx MarHWTHBIMI CBOVMCTBAMM 1 UMEOLLMMIA BbICOKYHO

A M';’;‘gg;g‘;{””"' AN W YIMEPORHEIE BONOKHR (€CTo a4 rBHOGTE MpM MOZMADUKALIVM LLPOKOTO KDYra HEOPTaHYECKIIX I

F|g 1. Copper nanopartides and carbon nanofibres. OpraHVHeCKI/IX I'IOJ'II/IMeprIX KOMMO3WUTOB. B 3aBMCUMOCTU OT yCﬂO'
B (POPMIPOBAHMS B HAHOPEAKTOPaX MOMMMEPHBIX MATPMLL MOMy-
YeHbl HaHOCTPYKTYPbI PA3NINYHbIX (*)OpM CO CpeaHnM pasmepom 25 HM.

Basic Research--Higher Education Center of Chemical Physics and Mesoscopy at Presidium of Udmurt Scientific
Center, Ural Division, Russian Academy of Sciences, together with Izhevsk State Technical University and OAO Izhevsk
Electromekhanicheskii Zavod — KUPOL (Izhevsk Electro-mechanical Plant) have produced a number of unconventional
carbon and carbon-polymeric metal-containing nanostructures (C-CP-MNS) possessing magnetic properties and highly
active when modifying a wide range of inorganic and organic polymeric composites. Depending on the conditions of forming
polymeric matrixes in nanoreactors, nanoparticles of various shapes have been obtained with an average size of 25 nm.

Y-YTM-MHC nonyyeHb! B HaHOPEaKTopax MoMMEPHbIX MATPHL, C UCMONE30BaHMEM MEXAHOXMMMHECKOTO criocoba B3au-
MOLENCTBIS METarNCoLepalLen 1 MonMMEPHOI (ha3 C MocrieayHoLLen TepMOXUMYECKON 0BpaboTKON B y3kuX Tem-
nepaTypHbIX MHTEpPBarax, B KOTOPbIX MPOMCXOAUT CTPYKTYPUPOBaHIME C 0Bpa3oBaHWEM ABYMEPHBIX UM TPEXMEPHBIX
HAHOCTPYKTYP. B 3aBMCMOCTM OT MpYpOAb! METana 1 MosIMMEPHO MaTpuLbl MOSyYeHb! METANMNCOAEPALLME HAaHOKpH-
CTansib! Uk HaHOMPOBOSOKM B YMePOaHbIX 0B0M0YKaX, HAHOKOMMO3WTbI B BILE HAHOCTEXHEN MMM HAHOTPYBOK, Lieno-
YeYHbIE HAHOCKCTEMbI 1 MeTanNCoaepXaLLme «HaHoByCbI». HaHOKOMNO3KTb! 06rafakoT MarHUTHON BOCTIPUAMYIBOCTBHO
W SIBNSIKOTCS aKTUBHBLIMI MOAMMKaTOpaM1 MaTepyarnos.

C-CP-MNS have been obtained in nanoreactors of polymeric matrixes using mechanical
and chemical way of interaction of metal-containing and polymeric phases with further
thermal and chemical treatment in narrow temperature ranges, within which the structuring
occurs, with the formation of two-dimensional and three-dimensional nanostructures.
Depending on the metal and polymeric matrix nature, various nanostructures have been
obtained, such as copper-containing nanocrystals or nanowires in carbon shells, Ni/C
nanocomposites in the form of nanorods or nanotubes, Co/C chain nanosystems and iron-
containing “nanobeads”. Nanocomposites possess magnetic susceptibility and are active
modifiers to the materials. q 500

Mpumeyanue: PaspaboTaHbl TexHONMOrMyeckue pernameHTbl Ha nonyyenue Cul/C, NilC, ColC, Fe/C
HaHokoMno3uToB Ha npeanpuaTuu OAO «MxeBckui anekTpomexaHuyeckuit 3aBog — KYMOJT». TectupoBanue

HaHoKomno3uTos nposeaeHo B LIKM U®M YpO PAH, HUTY «MUCKCy», koHuepHa «HaHonHaycTpus», MY u Puc. 2. XXenesolyrnepoaHbie
CMA (cucTeMbl Ans MUKpOCKONWUM 1 aHanu3a). OTmeyeHa NoBTOPsIEMOCTL pe3ynbTaroB. Ha nponssoaumeie HaHOKOMIMO3UTbI (€CTb
Cu/C v FelC HaHOKOMNO3UTbI €CTb 3aKa3bl OT 14 NpeANPUATUIA U OpraHU3aLmnin ANA NPUMEHEHUs B TEXHOMOTVIECKWI PETTIaMEHT Ha

KayectBe HaHomoamndmkaTopos (B konuyectse 0,01 — 0,0001%) Ana Mmoaudmkauum nnacTuduKaTopos,

. . NpOU3BOACTBO).
neHoo6pa3oBaTenen, LLeMEeHTHbIX W FUMNCOBLIX KOMNO3NLMIA, SNOKCUAHBIX U heHONbHOKaYYYKOBbIX KNeeBbIX "
COeAMHEHWIA, KOMNAYHA0B, OPraHNYeCKUX CTEKOS, UCKYCCTBEHHbIX KOX, Kpacok U NOKpbITUiA. MonyyeHb! 7 Fig. 2. |ron/cgrbon
NaTeHTOB Ha cnocobbl NONyYeHUs MeTannyrnepoaHbIX HAHOKOMNO3UTOB U TPX NaTeHTa Ha UX NPUMEHeHUe B nanocomposites.

CTPOUTENIbHbLIX U NOTUMEPHbIX MaTepuanax.
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TOHKOAOWCIMEPCHbIE CYCMNEH3UWU (TAOC) yrnepogHbIx
M yrnepoanosiMMmepHbIX MeTansicogepixalmx HaHOCTPYKTYpP
(V-YIN-MHC) B BOgHOI 1 opraHM4eckux gMcnepcruoHHbIX cpeaax

FINE DISPERSION SUSPENSIONS (FDS) of Carbon and
Carbon-Polymeric Metal-Containing Nanostructures
(C-CP-MNS) in Aqueous and Organic Dispersion Media

18

B HOL xumuyeckoir gomamnku n mesockonum YaHL|
¥YpO PAH cosmectHo ¢ XTI TY n OAO «M3IM3 - KY-
MMOJ» Ha ocHoBe co3aarHbIx Y-YI-MHC paspabora-
Hbl ycToinumBble TOC B BoZe M B BOAHBIX pacTBOpax
OETOHHbIX, MMMNCOBbIX N CUMMKATHBIX KOMNO3ULWNA, a
TaKkKe B OpPraHWYeCcKuX cpefax, Ans paBHOMEPHOro
pacnpefeneHns B yka3aHHbIX U MOIMMEPHBIX KOM-
nosuumsx ceaepxmansix konnyects (0,01 —0,0001%)
COOTBETCTBYIOWWMX HaHOCTPyKTyp. BBepeHne TAC
B KOMMO3MLMM CTPOUTENbHBLIX MaTepuanos, nonmu-
MepHble KOMNO3WLMN Ha OCHOBE SMOKCUAHBIX CMOT,
NONWBMHUNXIOPUAA, NONMBMHMMNALETaTa, NonuKap-
BoHaTa, PeHONbHO-Kay4yKoBbIX CMECcen NpuBOAMUT
K YNYYLEHUI0 UX XapaKTepUCTUK B psae Cryyvaes
BABOE.

Puc. 1. PacnpeaeneHue yactuy
Cu/C HaHoKoMMO3KTa MO pasmepy B

TOHKOZMCNEPCHO BOLHON CyCneH3uu.

.. Fig. 1. The distribution of Cu/C

dispersion water suspension.

OcobenHocTs TAC HaHOCTPYKTYp, COAepxallynx
MeTanmbl, 3aKn4aeTCs B NOBbILLEHUN UX aKTUBHOCTH
Npy1 B3aMMOAENCTBAN C AMCMEPCUOHHBIMI Cpeaamu,
NMEHOLLIMMM KOMMEKCOHbI MK hparMeHTbl KOMMIIeK-
coHos. [pn nogbope COOTBETCTBYIOWMX Nap «Auc-
NepCUOHHas cpeaa — HaHOCTPYKTYpay y4uTbiBanach
Bnm30cTb YacToT KonebaHnin parmeHTOB HAHOCTPYK-
TYP, BKIOYAKOLLMX METan, 1 MOMEKyn AUCNEPCUOH-
HOM cpeabl. BblMMCAMTENBHBIMW SKCNEPUMEHTAMU W
nccnegoBaHMaMM CopbLMM  HaHOCTPYKTypamu pas-
NMYHBIX BELLECTB, BKMTOYAs MOBEPXHOCTHO aKTUBHbIE
BELLECTBa, YCTAHOBIIEHbI COCTaBbl W KOHLEHTpaLuu
yctonumebix TAC. Yctonumsocts TAC yBenmumnaet-
CS C YMeHbLUeHneM koHueHTpauyum Y-YI-MHC (ot 3
£0 0,001%).

nanocomposite particles on size in fine

Basic Research-Higher Education Center of Chemical
Physics and Mesoscopy at Presidium of Udmurt Scientific
Center, Ural Division, Russian Academy of Sciences,
together with Izhevsk State Technical University and OAO
[zhevsk Electromekhanicheskii Zavod — KUPOL (Izhevsk
Electromechanical Plant) of the concem PVO ALMAZ
ANTEY have developed fine dispersion suspensions
(FDS), which are the components of concrete, gypsum
and silicate compositions stable in water and aqueous
solutions, as well as in organic media, for uniform distribution
of nanostruc-tures in very small quantities (0.01-0.0001%).
When introduced in construction materials compositions, in
epoxy-based polymeric compositions, compositions based
on polyvinylchloride, polyvinylacetate, polycarbonate
and phenolic-elastomer compounds, the FDS lead to a
considerable improvement of their characteristics, in certain
cases, twice as good.

Puc. 2. PacnpeaeneHue yacTtul
Fe/C HaHokomnoauTa no pa3mepy B
TOHKOZMCNEPCHO BOLHOCMMPTOBO
CYCMEH3UM.

Fig. 2. The distribution of Fe/C
nanocomposites particles on size
in fine dispersion alcohol-water
suspension.

The distinctive feature of FDS metal-containing
nanostructures consists in an increase in their
activity during interaction with dispersion media
having complexons or complexons’ fragments.
When selecting the suitable “dispersion medium -
nanostructure” pairs, proximity of the oscillation fre-
quencies of metal-containing nanostructure fragments
and the dispersion medium molecules has been taken
into account. The compositions and concentrations
of stable FDS have been found during computational
experiments and investigation of the nanostructure
sorption of various substances, including surface-
active substances. FDS stability increases with the
decrease in C-CP-MNS concentration (from 3 to
0.001%).
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BbICOKOMPO4YHbIA CMNJ1AB HAKENNOA TUTAHA

]é c achdhekToM NnamaTu chopmbl
P g HIGH-STRENGTH ALLOY OF TITANIUM NICKELIDE
M with shape memory effect

B WnctutyTe douankm metannos YpO PAH B pamkax ockoHTpakTa Ne 02.513.11.3053 ¢ ®AHW paspabotaH
HOBbI CNOCOD YNPOYHEHUS CMNABOB HUKENUAA TUTaHa, OCHOBAHHbIN Ha ABMEHUSX amopdmu3aLm, NHOyLu-
PYEMOW MHTEHCMBHOM NiacTUYeckon gedopmasment, 1 nocneayoLen TepMnieckon HaHoOKpUCTanu3aLmm.

Under a state contract No. 02.513.11.3053 with the Federal Agency for Science and Innovations, the
Institute of Metal Physics has developed a new method for strengthening of titanium nickelide alloys. This
method is based on the amorphization phenomena induced by severe plastic deformation, followed by thermal
nanocrystallization.

[onyyeHbl PeKOpPAHO BbICOKME CBOWCTBA: mpegen Tekyyectw 1,7-2,2 [Tla, BpeMeHHOe COMpOTUBEHNE
2-2,5 [Ta, oTHocutenbHoe yanuHeHue 80%, oTHocuTenbHoe cyxeHune 70%, obpatumas gedopmauus 10%,
peakTuBHOe HanpsbkeHue 1,6 Ma npu peanusauum 100% OMN® B y3koM TemnepaTypHOM MHTepBane. Ha-
HOCTPYKTYPUPOBaHWE MO3BONSAET YIyYLWNTb (DYHKLMOHANbHBIE BO3MOXHOCTU YCTPOUCTB Ha ocHose JMd u
CBEPXYNPYroCcTH; MUHWATIOPU3NPOBATL 3MEMEHTbI YCTPOUCTB Ha ocHoe Jl®; pauuoHanusnposathb Cylle-
CTBYIOLLME W pa3paboTaTb HOBblE TEXHOMOINMW, HEBO3MOXHbIE NPU UCMONb30BaHUW TPALULMOHHBIX MaTepua-
noB; obecneuunTb pecypco- u aHeprocbepexeHre NpoLeccos.

Superior properties have been provided, such as yield stress of 1.7-2.2 GPa, ultimate strength of 2-2.5
GPa, specific elongation of 80%, contraction ratio of 70%, reversible deformation of 10%, and reactive stress
of 1.6 GPa, with a perfect shape memory effect (SME) in a narrow temperature range. Nanostructuring enables
the improved functional capabilities of superelasticity and SME-based devices; miniaturizing of SME-based
device components; refinement of available technologies and development of new technologies, which are
unfeasible with conventionally used materials; provision of resource and energy-saving processes.
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MHTEJJIEKTYAJIbHAA CTAJIb

¢ adhchekToM namaTn chopmbl ]é
SMART STEEL P ({)I
with shape memory effect M

B WHcTutyTe mankn metannos YpO PAH pa3paboTaH He MMEILMA aHarnoros
B Poccum 1 3a py6exom HOBbI KNace MHTENNEKTYarbHbIX BbICOKOMPOYHbLIX aycTe-
HWUTHbIX HEPXaBetoLWMX cTanen ¢ ynpasnsemblM ahdekToMm namsTtn gopmbl (AMPD),
obecneynBaeMbIM HAHOCTPYKTYPUPOBAHHBIM AMCUSIOH-MAPTEHCUTOM M QUCTEPCHbI-
MK kapbugamm BaHagws. dopma n3genus BOCCTaHaBMMBAETCS MOCNE XONOAHOM
necopmaummn 1 nocrnegyowiero Harpesa go 200-400°C 3a cyeT obpaTmoro map-
TEHCWUTHOrO NpeBpaLleHus. Ha 3aBogax Ypana BbinnasnieHbl NpeaiokKeHHble cTanm
1 M3roTOBMEH NMCTOBOM NpokaT WwupuHon 1000 MM 1 TONLMHON 2,5 MM.

The Institute of Metal Physics has developed a new class of smart high-strength
stainless austenitic steels with a shape memory effect (SME), which is caused by
nanostructured epsilon-martensite and dispersed vanadium carbides . These steels
have no analogs in Russia and abroad. After cold deformation, the shape of the
product is restored by subsequent heating at 200--400°C because of a reversible
martensite transformation. The proposed steels have been made; and 1,000-mm-
wide and 2.5-mm-thick sheet products were rolled at the metallurgical plants in the
Ural region.

BoamoxHOCTb BbInnasky 1 npokaTku AlP-ctaneir Ha Bo3ayxe obecneynsaeT NpoCTOTY UrOTOBMEHMUS W
BbICOKY0 TEXHOIOMMYHOCTb NPOM3BOACTBA. A YHUKANbHOE CoveTaHWe CBOWCTB: nposisneHne AP nocne ma-
non (5%) pecopmaumu, ynpasnexne senuynHon AN ot 0 4o 3 % ¢ nomowbto Tepmmyeckoit 0bpaboTky;
BbICOKME MPOYHOCTb U NNACTUYHOCTL (Npeden npoyHocTn— o 1,5 Ma, npegen tekydect—po 1,11Ma, ot-
HOCUTenbHOE yanuHeHue - 4o 30 %;) - N03BONSAT NPUMEHATL UX AN 6E3CBAPOYHOTO COEAMHEHMUS CTaNbHbIX
TpY6, repmeTusaumm AeekTHbIX y4acTkoB 06CaaHbIX TPYD HE(OTAHbIX CKBaXMH, kak paboune Tena TennoBbIX
CEHCOpOB.

Melting and rolling of the shape memory steels in air ensures manufacturability and high technological
effectiveness. A unique combination of the steels’ properties---such as shape memory effect upon small
deformation (5%); thermally controlled SME from 0 to 3%; high strength and plasticity characteristics (the
ultimate strength up to 1.5 GPa, the yield stress up to
1.1 GPa, and the specific elongation up to 30%)---makes
these steels applicable in the weldless connection of
steel pipes, for sealing of defects in the oil well casing
pipes, and as temperature sensor actuators.
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YCTPOVNCTBA A3POKOCMWYECKOWN TEXHUKW

]é 13 cnnaea ¢ adychekToM namaTn hopmbl
P g AEROSPACE EQUIPMENT
M made of an alloy with shapememory effect

B WHcTuTyTe cpmankm metannos YpO PAH Ha 0CHOBE BbICOKOMPOYHbIX
CNNaBOB HUKENuAa TUTaHa C TepMOynpaBnsieMbiM 3PEEeKTOM namsaTy
opMbl pa3paboTaHbl He UMELLMEe MUPOBBLIX aHANOroB HOBbIE YCTPOR-
CTBa a3pOAMHAMWUYECKUX MOBEPXHOCTEN (KPbIfbeB, MOAKPLIKOB, nona-
CTeln, pynemn, XBOCTOBOrO OMEPEHUs) N UX PacKpbITUS ANs neTaTenbHbIX
annapatos. Mogrotaenueaetcs BHeapeHue B OKB «HoBatop» KoHUepHa
MBO «Anma3s-AHTen.

High-strength alloys of titanium nickelide with a thermally controlled
shape memory effect were used at the Institute of Metal Physics to develop
unique aerofoil devices (wings, flaps, blades, rudders, and empennage)
and surface opening of airfoils for aircraft applications. Arrangements have
been under way for the developments to be introduced at the experimental
design office OKB Novator at Aimaz-Antey Concern.

£ i
Hanuyne CunoBbIX UCMOMHUTENBHBIX SNEMEHTOB M3 CMNaBoB C
3hhekTOM NamaTn opmbl 0becneynBaeT NOBbILLEHNE KOHCTPYK-
TUBHOW M (DYHKLMOHANBHON HAZEXHOCTM 1 NPOCTOThI paboTbl a3po-
AVHAMUYECKNX YCTPOWNCTB MPU CHKEHUM X MacChbl 1 rabapuTos %
MO3BOSISIET YCOBEPLLEHCTBOBATb NeTaTenbHble annapartbl. K L

\ 7

Power actuators made of shape memory alloys contribute
towards the improvement of structural and functional reliability and
operational simplicity of aerodynamic devices, with their mass and
dimensions reduced, which makes it possible to develop advanced
aircraft design.
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PAOVALIMOHHO-CTONKASA
AYO0 PEAKTOPHAA CTAJ1b

RADIATION-RESISTANT
PRESSURE VESSEL ODS STEEL

DR

B MHctuTyTe busmkn metannos YpO PAH pas-
paboTaHa HOBas, MMeEIoLLas BaxHelLee 3Ha4eHne
ANS POCCUICKO aTOMHON SHEPreTUKN Ha BbICTPbIX
HenTpoHax (peakTopbl TMNa BH-600, BH-800), Tex-
HOMorusa cosgaxusa obnagaroLmx pekopaHoON xapo-
MPOYHOCTHIO W CTONKOCTBIO K HEMTPOHHOMY 06nyye-
HWKO AMCMEPCHO-YNPOYHEHHBIX OKCUAAMW CTanei
ans TB3Jlo.. Npn hopmMrpoBaHNK NEPECHILLEHHOTO
KWCIOPOAOM TBEpZOro pacTeopa nyTemM MexaHude-
CKOrO NerupoBaHWst BMECTO TPYAHOPaCTBOPUMBIX
OKCWZOB UTTPUS C BbICOKOW 3HEPTMEN MEXaTOMHOM
CBSA3M UCMOIb3YKTCA ManoyCcToN4mMBbIe OKCUbI Ke-
nesa. CkopocTb nonayyectu Hoson YO-ctanu npu
750°C u Hanpsbkerunsx 120-260 MMa B 10 pa3 MeHb-
e, yem cranu YC-68, ncnonb3yemon B HaCToALLEE
Bpems B peaktopax Tuna bH-600.

MpenmMyLLEecTBa HOBOM TEXHOMOTMM 3aKrioya-
tOTCA B YMEHbLUEHWN CTENEHN W ANMTENbHOCTM
paedopmaumn, HeobXoaMMON AN PacTBOPEHWS
OKCWZOB; YMEHbLUEHUN HEKOHTPONMpyeMoro ne-
MMPOBaHMs CTanu Npu aedopmaLiym; NoBbILIEHNM
CTOMKOCTU WHCTPYMEHTA W CHIDKEHWW SHEpProsa-
Tpart.

The Institute of Metal Physics has developed a
new technology, which is of utmost importance for
the national fast-neutron nuclear power engineering
(BN-600 and BN-800 reactors). The technology
is designed for production of oxide dispersion-
strengthened (ODS) steels that exhibit very good high-
temperature strength and improved heat resistance
to neutron irradiation, which makes these steels
promising for application as fuel element casings.
Oxygen-supersaturated solid solution is formed by
mechanical alloying, and unstable iron oxides are
used instead of sparingly soluble yttrium oxides with
a high interatomic bond energy. As compared with
the ChS-68 steel currently used in BN-600 reactors,
the new ODS steel exhibits the creep rate that is
slower by a factor of ten (at a temperature of 750°C
and stresses of 120-260 MPa).

‘; I | 25107 ?

MecTorpisingl FbOnpd i Sui Tn
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The new technology has the following advantages:
a lower degree and a shorter duration of deformation
required for oxide dissolution; reduced uncontrolled
alloying during deformation; enhanced durability of
tools; and lower energy consumption.
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VIMPOYHEHWNE 3AKAJNEHHO CTANN -

]é HOBbI crnocob noBepxHOCTHOM 06paboTKu

P g HARDENING OF QUENCHED STEEL
M

a new method for surface treatment

f ~\ B Wnctutyte cmusmnkm metannos YpO PAH paspabotaH
S— HOBbI cnoc96 MOBLILUEHNUA MPOYHOCTH, MSHE)COCTOI?IKOCTliI
WHJEHTOp |\”']~ W TENrOCTOMKOCTU CTanen C MapTEHCUTHOW CTPYKTYpOi

L= . nyTem PpUKLMOHHON 06paboTkM 3a cYeT (POPMMPOBaHMS
Lﬂ| *:'_ B MOBEPXHOCTHOM CI0€ HAaHOCTPYKTYPHOTO COCTOSIHUSA C
/ /) | pas3mepoMm Kpuctannura 40 HM M aKTMBM3aLMM BbIXOAA

. ’ ' aTOMOB YrriepoAa Ha rpaHuLbl HAHOKPUCTAsIUTOB.

k UMNUHAR MNacTHH )

The Institute of Metal Physics has developed a new
method for improving strength, wear resistance, and thermal stability of steels with martensitic structure; by a
friction treatment, a nanostructural state with 40-nm crystallites is formed in the surface layer, and the escape
of carbon atoms to the nanocrystallite boundaries is activated.

ObpaboTka noBbILLAET TBEPAOCTb MOBEPXHOCTHOrO crost Ha 20%, Tennoctonkoctb — Ao 450 rpagycoB
Llenbcus, conpotuenenne msHawmsanuio — B 10-30 pa3! YnpouHeHHas ctanb MOXeT HalTu NpUMEHeHe B
TSKENO Harpy)XeHHbIX y3rnax TpeHns, paboTaloLmx npu NoBbILUEHHbLIX CKOPOCTAX CKOMBXKEHNS, NOXWX YCno-
BMSX CMa3Ki, B MPUCYTCTBMM abpasmBHbIX CPe.

The treatment causes the surface layer hardness to increase by 20%, the thermal stability to grow to 4500C,
and the wear resistance to improve by 10--30 times! The surface-hardened steel can be used in heavy-duty
friction assemblies operating at high sliding speeds, in poor lubrication conditions, or in the presence of
abrasive media.

nocne @H

CKOPOCTE CKONBMEHWA M/C
\. J
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TEXHONOrmga ®PNKLUNOHHO OBPABOTKIA

cTanbHbIX U3genuin, obecneymrBatoan popmMmmpoBaHme

tpyHKLMOHaNbHbIX HAHOKPUCTANNIMYECKNX CNOEB C MOBbILUEHHbLIMU >
NPOYHOCTHbLIMU 1 TPNBONOrMYEeCKMY CBOCTBaAMMU i;,!}

FRICTIONAL TREATMENT TECHNOLOGY for Steel Products
Ensuring the Formation of Functional Nanocrystalline Layers
with Improved Strength and Tribological Properties

Mpegnaraetcs MCnomnb3oBaTh PPUKLMOHHYKD 06paboTky CKOMB3ALMMW WHAEHTOPaMM
[ANS CO30aHMS Ha MOBEPXHOCTM CTarbHbIX U3AENUiA, NOABEPTHYTbIX TEPMUYECKAM W XUMUKO-
TepMuYeckuM 0b6paboTkaMm, HaHOKPUCTamNNMYECKNX CMOEB C 0COBO BbLICOKMM YPOBHEM
MPOYHOCTH, TEMMOCTOMKOCTU U U3HOCOCTOMKOCTW. B TexHomornn (hpukLmoHHOM o6paboTku
MpUMeHeH HoBblit cnoco 0bpaboTku CTanbHbIX M3OEnuiA, OCHOBaHHBIN Ha co3aaHM aedop-
MaLWOHHO COCTapEHHOTO HAHOKPUCTaNNYECKOro MapTeHCUTa. Ha 0CHOBE MaTemMaTYeckoro
MOZENMPOBaHHS MPOBOAMTCS OMTUMM3ALIN TEXHOMOTN U MHCTPYMEHTA ANS €€ peanusaLim.
[Ins KOHTPONS KaYeCTBa PPUKLMOHHOM 06PabOTKM MPUMEHSIETCSH HEPa3PYLLAIOLLMIA BUXPETO-
HaHOKpVICTaJ'IJ'IVNECKaﬂ CTPYKTYpa, KOBbIX MeTO,El.
chopMupoBaHHas hpUKLMOHHON
obpabotkoit B nosepxHocTHoM crioe  Frictional treatment by sliding indenters has been offered for the creation of nanocrystalline
3aKanewHoi cranv y8. layers with especially high level of strength and resistance to heat and wear on the surface of
ma”O.CFYSta”'”e structure formed by gfael products subjected to thermal and chemicothermal treatments. The frictional treatment

e frictional treatment in the upper e . C )
layer of hardened steel US. technology utilizes a new way of steel product processing, which is based on the creation
of strain-aged nanocrystalline martensite. The technology and the tool for its realization are
optimized on the basis of mathematical modeling. Eddy current non-destructive testing is applied as frictional treatment quality
control.

OpyuiKLMoHHas 06paboTka CKOMb3ALLMMI MHAEHTOPaMK Ui abpasnBHBIMI YacTULaM MOXET ObiTb SEKTUBHO CTONb-
30BaHa A4ns yNpOYHEHNS 1 HAHOCTPYKTYPUPOBaHIS NOBEPXHOCTY M3LENNA NPaKTUYECKM MiobbIX pa3MepoB 13 BbICOKOMPOUHbIX
W TpyaHooedhopMmpyeMbIX cTanemn (KOHCTPYKUMOHHBIX, BbICTPOPEXYLLMX, LEMEHTUPOBAHHBIX). MpUMEHEHINE (PUKLIMOHHON
ynpoYHstoLLer 0BpaboTkv Ha MALLMHOCTPOUTENBHBIX MPEANPUATUSX 0BeCneUnT CyLLECTBEHHOE YBENUYEHWE AONTOBEYHOCTM
CTanbHbIX U30enuit, NoABEPKeHHbIX B NPOLIECCe 3KCryaTaLm MIHTEHCUBHOMY U3HOCY W 3HAUMTENBHOMY HarpeBy (pasninyHble
Basbl, MOALIMMHWKMA, TMIb3bl LWMMHAPOB, LWMNMHAENM, HOXW 4n1s 6ECLIEHTPOBOMO LWNMGOBaHNS, UHCTPYMEHT 1 Ap.).

The frictional treatment by sliding indenters or abrasive particles can be effectively used for hardening and nanostructuring of
the surface of products of any size and made of high-strength and hard-to-deform (structural, high-speed, or carburized) steels.
Hardening frictional treatment applied at machine-building facilities provides an appreciable increase in the durability of steel
products subjected to intensive wear and considerable heating (shafts, bearings, cylinder liners, spindles, blades for centerless
grinding, tools and instruments, etc.).

s OpukumoHHas 0bpaboTka obecneunBaeT 3akaneHHoi cTanu Y8 ymeHbLUeHME B 2-3 pasa MHTEHCMBHOCTH
- abpa3nBHOro U3HALLMBAHWS, MOBbILLEHWE TBEPAOCTM W TENMOCTONKOCTM (4O YPOBHS TENMOCTONKOCTM BbICOKO-
NEervpoBaHHbIX CTanen).

= ] " For quenched steel U8, the frictional treatment reduces by a factor of 2 to 3 the intensity of abrasive wear and
| . improves hardness and heat resistance up to the level of the heat resistance of high-alloy steels.

TR T — —)
[
= |
—

OpukLMoHHas 0bpaboTka obecneunBaeT 3akaneHHo cTann Y8 pocT (hpuKLMOHHON TENMOCTOMKOCTM, YTO NPO-
: SBNSIETCS B NEPEX0AE K WHTEHCMBHOMY TEMMOBOMY CXBATbIBAHMIO NPy Bonee BbICOKMX CKOPOCTSIX CKOMBXKEHUS:
- 1 - nasepHas 3akarnka; 2 — nasepHas 3akanka + obpaboTka TBepLOCNIaBHbIM MHAEHTOPOM; 3 — NasepHas
3akanka + 0bpaboTka abpasuBHbIMK YacTULAMN.

- . For quenched steel U8, the frictional treatment increases frictional thermal stability, which manifests itself via the
i S, transition to the intense thermal seizure at higher sliding velocities: 1—laser quenching; 2—laser quenching +
: frictional treatment by a hard-alloy indenter; 3 — laser quenching + frictional treatment with abrasive particles.
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HOBbIE METAJIJIONMNAKNPYHOLLE
CMAS04HbIE MATEPUATbI

NEW LUBRICANT METAL CLADDING MATERIALS

Pa3paboTaHbl HOBbIE METANONMAKUPYOLLME CMa30UHblE MaTepuarsl. [oBbileHne 3 HEKTUBHOCTM CMa-
304HbIX MaTepuanoB LOCTUraeTcs NocpesCcTBOM BBEAEHUS B HUX HAaHOPa3MepHbIX MOPOLLKOB MeTanmnos. B
KayecTBe Takx MaTepuanoB UCMOMb3YHT Kak CUHTETUYECKME, TaK 1 MAHepanbHble Macna 1 CMasku pasnny-
HOWN BSI3KOCTH, @ B KayecTBe HaHonopoLkos — meTannbl Ni, Cu, Zn, Fe, Al u ap. BeegeHne HaHOAUCNEPCHBIX
MOPOLLIKOB METanNsIoB B CMa3ki NO3BOSSET NpKUAAThb UM JOMNOIHUTENBHbIE CMa3bIBaOLLME U MPOTUBOU3HOCHbIE
CBOMCTBA U 06ecneymBaeT kKayecTBo, COOTBETCTBYHLLEE MUPOBLIM CTaHZApTaM.

New lubricant metal cladding materials have been developed. Improved efficiency of lubricants is achieved
by nanosized metal powders introduced into the materials. Synthetic and mineral oils and lubricants of various
viscosities are used; and nanopowders introduced are made of Ni, Cu, Zn, Fe, Al, and other metals. Nanosized
metal powders introduced in the lubricants impart additional lubricating and wear-resistant properties to the
materials and assure quality up to the world standard.

HoBw3HoM pa3paboTku ABNSETCS BBEAEHWE B NPaKTUKY (pTopcogepxallmx ctabunusatopos, obecneynsa-
HOLLMX OOHOPOAHOCTb MaTepuarnoB ¥ COYETAIOLMX, Hapsady ¢ HEOOXOAMMBIMU BA3KOCTHBIMW XapaKTepUCTH-
KaMmu, BbICOKYKO TEPMUYECKYIO U OKUCTIUTENbBHYIO CTabunbHOCTL. HOBble MeTannonnakipyowme cMasouHble
MaTepuarbl MOryT ObITb UCNONBb30BaHbI B Y3nax TPEHWUS BCEX TUMOB.

Novelty of the development comprises the introduction of fluorine-containing stabilizers that provide uniformity
of materials and combine the required viscosity characteristics with high thermal and oxidation stability. New
metal cladding lubricants can be applied in all kinds of friction assemblies.
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TEXHOJ10rd Nony4YEHNA NOKPLITUNA
N3 TYyronnaeknx N peaknx MeTasnnoB 3afneKTPonu3omM CoseBbiX pacniasoB

Refractory and Rape Metals COATINGS TECHNOLOGY
by Salt Melt Electrolysis

Pa3pa60TaHa TEXHOMNOMA, Nno3BonAtoLLasa Nnony4nTb CNNOLHbIE, XOPOLLO CLENNEHHbIE C MOTOKKOM MOKPbITUA U3 TYronaBkuX 1 peakux me-

Tannos, o6nanarou4v|e PasnnyHbIMM YHUKaITbHbIMA (*)I/I3I/IKO-XVIMVHeCKI/IMVI CBOVICTBaMM:

[MoKpbITYS 3 peakx 1 GriaropoaHbIX METAMNOB Ha M30EnMsX 3 Bonee JOCTYMHbIX W AELLEBbIX TYFOMNABKVX METATIOB, YTO NO3BONSAET yaelle-
BUTb CTOMMOCTb M3AEMAN 11 SKOHOMMTb AechnumTHBIE MeTanbl (Ir Ha Re, Re Ha W, Re Ha Ni).

Bonbhpamosbie M MOMMOAEHOBbIE MOKPLITUS Ha MEOHbIX AETarsX AMeKTPOBAaKyyMHbIX YCTPONCTB 0BECTIEUMBAIOT BbICOKYHO 3PO3VIOHHYHO CTOM-
KOCTb NP1 COXPAHEHUN MaKCUMAITHBIX SMEKTPO- W TEMMOMPOBOAHOCTEN.

XpOMOBbIE MOKPLITUS MPUAAIOT M3AENNAM aHTUOMHATPOHHbIE CBOMCTBA, & Takke 0BnafatoT KOPPOMOHHO-3PO3VOHHOM CTOMKOCTBIO Ha BO3-
ZJyXe [10 J0CTaTo4HO Bbicokvx Temnepatyp (1000-1200°C).

Vronbyatble peHveBbie MOKpbITUS 0brafatoT CBOMCTBAMM abCOTKOTHO YEPHOTO Tena, MPaKTUECKM NMONHOCTLHO MOMTOLLAIOT U3My4EHNE, B TOM
YICrIe MyYHKM YIOHOB, XOPOLLIO M3TyHast M3DBITOUHYHO SHEPTUHO.

[MoKPLITS HA M30ENUSX U3 YTTEPOANCTLIX MATEPUANOB, MPUAAIOLLIE M SKCTIyaTaLWOHHbIE CBOWMCTBA TYrOMMaBkUX 1 PEOKUX METAMIOB Mpi
PE3KOM CHIDKEHMI MaCcChl M SKOHOMMN AeCIULIMTHBIX METAITTOB.

TutaHoBbIE M XPOMOBbIE MOKPLITAS HA UAENNSX U3 YEPHBIX METAMNIOB NPULAOT UM KOPPO3VOHHO-3PO3MOHHYH) CTOMKOCTb. 3T KOMMO3ULIMOH-
HblE 3aroTOBKW MOTYT BbITb NOABEPIHYTI AONONHUTENLHBIM METANNYPIYHECKVM Nepeenam.

HaHeceHHbIe NOKPLITUS 13 TYTOMMaBKUX W PEOKUX METAMNNOB MOMYT BbiTb NOABEPHYTHI SOMONHUTENLHON 00paboTke SMEKTPOXMMNECKVMIA

BecToKoBbIMI CrIocobamMI B COMEBbIX PaCTNaBax C LiEMbHo PACLUMPEHNS WX SKCTINyaTaLyIOHHbIX XapaKTEpUCTK (arMT poBaHie, 6opurpoBaHye,
CUNMLPOBaHYE, NaHTaHMPOBaHYE, CKAHOMHVPOBAHWE U ap.).

The proposed technology provides continuous coatings of refractory and rare metals, which strongly adhere to the substrate and have various

unique physical and chemical properties:

Coatings of rare and noble metals deposited on products made of more available and cheap refractory metals; hence, the cost of the products is
reduced and scarce metals can be saved (Ir on Re, Re on W, Re on Ni).

Tungsten and molybdenum coatings on copper parts of electronic tubes ensuring a high erosion resistance while the electrical and heat conduction
levels are kept at maximum.

Chromium coatings, which impart suppressor properties to products and possess corro-sion and erosion resistance in air up to sufficiently high
temperatures (1000-1200°C).

Needle rhenium coatings, which have properties of the absolute black body and absorb radiation completely, including ion beams, or emit the
excess energy well.

Coatings on carbon materials products, which acquire service properties of refractory or rare metals, while the mass is sharply reduced and rare
metals are saved.

Titanium and chromium coatings on ferrous products making them corrosion and erosion resistant. These composite blanks can be subjected to
additional metallurgical treatment.

To expand the performances, the deposited coatings of refractory and rare metals can be treated additionally by electrochemical no-current

methods in salt melts (aluminizing, borating, silico-nizing, scandium-plating, lanthanizing, etc.).

MPENMYLLECTBA
+ [laHHas TEXHONIOMMS MO3BOISIET CHU3MTL TeMMepaTypy anektponmuaa Ao 600-800°C, YTo MPUBOAWT K yMEHbLLE-
HIK0 3HEPrO3aTpaT W YAELUEBNEHINIO CTOMMOCTY MOKPLITLIX U3AETTIA.
+ [pOCTON KOHTPONL NapaMETPOB SMEKTPONM3A B OTIIMYME OT APYIUX METOLOB, HAMPUMED, Fa30¢pasHOrO.
+ BO3MOXHOCTb MOKPbITUS M3OENMIA CTIOKHOI KOHADUIYpalLyy, YTO He BCERAA YOaeTes TpaayLyOHHbIMM criocobamu.

ADVANTAGES

+ By this technology, the electrolysis temperature is reduced to 600-800°C, leading to a decrease in energy
consumption and to a reduction of the cost of coated products. -

+ Simple monitoring of electrolysis parameters distinguishes the
technology from other methods, e.g., the gas-phase technique.

* here is a possibility to deposit coatings on intricately shaped products,
which is not always feasible with traditional methods.
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HAHOKPUCTAJIINYECKIIA HATPUL TUTAHA,
NNaKnpoBaHHbIN HUKENEM AN KOMNaKTUPOBaHHbIX U3Aennuin

NANOCRYSTALLINE NICKEL-CLAD TITANIUM
Nitride for Compacted Articles

Komnosuuyum Ha 0CHOBE HUTpUAA TUTaHA SBMSAKTCA OCHOBOW XapOnpOYHbIX MAaTEPUANOB U 3aLUTHBIX MO-
KPbITUI, @ TAKKE NPUMEHSIOTCS B BUAE AP EY3NOHHBIX BapbepOB B MUKPOINEKTPOHMKE. PacnpocTpaHeHHbIM
MaTepuarnom-cesaskon ans atoro sensetcs Ni, KOTopbIii N03BONSeT 0TpabaTbiBaTh Pas3nunyHble TEXHOMNOrYe-
CKME PEXMMbI MOSTyYEHNs MaTepranos 1 NOKPbITUN.

HaHokpucTannunyeckas CTpykTypa HATpMAA TuTaHa npeacTaBnseT cobom HenpepbIBHYK CETKY, 3anofHeH-
Hyl0 Hukenem. opMmupoBaHWe Takoi CTPYKTYPbl NO3BONSET NPUMEHATL BbICOKME HArpysku paspyLuarLlero
XapakTepa Ans KOMnakTUpoBaHHbIX 0Bpa3L0B W NOKPbITUN.

Compositions based on titanium nitride are used for the production of refractory materials and protective
coatings and can also be applied as diffusion barriers in microelectronics. A common material-binder is nickel,
which allows different regimes to be worked out for materials and coatings production technology.

The nanocrystalline microstructure of titanium nitride is a continuous grid filled with nickel, which allows high
failure loads to be applied for compacted articles and coatings.

MPUMEHEHWE APPLICATIONS

* [NopoLukoBas MeTannypris, NPOM3BOACTBO TBEP- * Powder metallurgy; hard alloys production.
AbIX CNNaBoB. « Wear-resistant or decorative coatings.

* HaHeceHMe W3HOCOCTOMKMX WIM [eKopaTUBHbIX + Microelectronics.
MOKPbITUNA.

* MUKpPOSNEKTPOHHKA.
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V1306paxeHuns B TYHHENBHOM MUKPOCKOMNE YacTuL, NakMpoBaHHOMO HUTpMAA TUTaHa (a, 6) n rmcTorpammbl nx pacnpeaenexis
Tunneling microscope images of clad titanium nitride particles (a, b) and histograms of particles distribution.
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HAHOKPUNCTAJIUJTMHECKUE
BOJIbdbPAMOBbIE BPOH3bI

NANOCRYSTALLINE TUNGSTEN BRONZES

HB]TD

Pa3spaboTaH anekTpoXMMM4eckuin cnocob nonyye-
HWS HAHOKPUCTaNIMYeCcknx BONbgpaMoBbiX GPOH3
rekcaroHasnbHO CTPYKTYPbI B NONMBOMb(PaMaTHbIX
pacnnasax. OnpegeneHbl napameTpbl npouecca
anekTponu3a, obecneynBaroLLe NONyYeHNe Urosb-
YaTbIX HAHOKPUCTANMYECKUX CTPYKTYP OKCWAHbIX
BONb(PaMoBbIX OPOH3 C TOMLMHON WUrM MEHEE
100 Hm.

Bnepsble ycTaHOBNEHO, 4TO €CTb ABa BMAa Ha-
HOKPUCTANMMYECKMX WUM: C OCTPOI BEPLUMHKON U B
BMAE KPYrIbIX CTEPXHEN.

MoXHO nonyyaTb kak HEOPUEHTUPOBAHHbIE, TaK W
OPWEHTUPOBaHHbIE (A€ BCE HAHOKpUCTannmMyeckue
urnbl uMetoT opueHTaumio <0001>) ocagkm.

MMonyyeHbl HAHOKpUCTaNIMYeCKne MOKPLITUS Ha
MeTannn4Yecknx noanoxKax.

HaHokpucTannuyeckne OKcuaHble BOMbgpamo-
Bble OpOH3bl 06MafaloT TakMMM LEHHbIMU Kaye-
CTBaMM, KaK BbICOKAas KOPPO3WMOHHAs CTOMKOCTb,
3aBucAWas ot coctaBa OpoH3 pasHas npupoga
9NeKTPONPOBOAHOCTM, CENEKTUBHOCTb K Onpese-
NEHHbIM COpTaM KaTMOHOB B BOAHbIX pacTBopax,
3HauNTeNbHbIN AnanasoH W3MEHeHNs LBeTa, BbICO-
Kas kaTanuTnyeckast akTMBHOCTb.

NMPEMMYLLECTBA CMOCOBA

* He TpebyeTcsa cnoxHoit annapatypbl.

* Bpemsi nonyyeHns HaHOKpUCTamnM4ecknx ocap-
KOB COCTaBNSIET 40NN CEeKYHAbI (MO CPABHEHMIO C
yacamu B ApYruX U3BeCTHbIX cnocobax).

B iy

— e

An electrochemical method has been developed
for production of nanocrystalline tungsten bronzes
having a hexagonal structure in polytungstate melts.
The necessary electrolysis parameters have been
determined for making tungsten oxide bronzes
having nanocrystalline needle structures with
needles of less than 100 nm in thickness.

It has been established that there are two types of
nanocrystalline needles, namely, with a sharp tip and
in the form of round rods.

Both  nonoriented and oriented (all the
nanocrystalline needles have the <0001> orientation)
deposits can be obtained.

Nanocrystalline coatings were deposited on metal
substrates.

Nanocrystalline tungsten oxide bronzes possess
such valuable properties as high corrosion
resistance; different nature of electrical conduction,
which depends on bronze composition; selectivity to
certain types of cations in aqueous solutions; a wide
range of color change; and a high catalytic activity.

ADVANTAGES

+ No complicated equipment required.

« Time for obtaining nanocrystalline deposits is
fractions of a second, which is considerably less
as compared to the hours-long processes of other
known methods.

HaHOKpVICTaJ'IJ'II/I‘-IeCKI/Ie MOKPbITUA Ha MeTanIM4eckmnxX NoasIoXKax: a) NneHka

Ha Pt donbre; 6) cnoit 6poHabl TonwmHoit 10 Mkm Ha W nnacTuHe. Kaxabii
MWKPOKPUCTaNN — OpUEHTUPOBAHHAs HAHOKpUCTaNINYecKas CTPYKTypa.

Nanocrystalline coatings on metal substrates: a) a film on a platinum foil;
6) a 10-micron layer of bronze on a tungsten plate. Each microcrystal is an
oriented nanocrystalline structure.

BnepBble nonyyeHbl HAHOKPUCTANNYECKIE Wbl ABYX BUAOB:
a) C 0CTPOM BEPLUNHKON; 6) B BUAE KPYrIIbIX CTEPXKHEN.

Two types of nanocrystalline needles: a) with a sharp tip;
6) in the form of round rods.
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KAPBUAbI TYIOMJ1IABKNX METAJ1J10B
CARBIDES OF REFRACTORY METALS

B

Mpeanaraem HOBbI CNOCO6 HU3KOTEMMEPATYPHOO CUH-
T€3a BbICOKOANCNEPCHBIX TBEPAbIX MAaTEPUanoB — kapou-
[0B TaHTana, Hnobwus, TuTaHa, Bonbpama 13 NoPOLLKOB
COOTBETCTBYOLUMX METANSOB UINN UX COEAUHEHWIA.

KpynHOCTb nony4aeMbix NOPOLLKOB kKapGuaos Bapbupy-
eTCs OT [IECATU MUKPOMETPOB 10 COTbIX fonei Mukpome- @
Tpa C YAenbHoI NoBepxHOCTbH Ao 30-50 mAr.

Pabota BbinonHeHa coBmectHo ¢ AO «Conukam-
CKWW MarH1MeBbIN 3aBOAY.

. MopoLwok kapbuaa Hobus (0,42 Mkm)
BOSMOXHbIE MOTPEBUTENV: Mopowok kapbuaa TaHtana (0,74 Mkm)
* MalKWHOCTPOEHNE Colipbe: okenabl AO «Conmkamekuit MarHuesbli
* MeTannypruyeckas, NHCTPYMeHTanbHas NMPOMbILLNEHHOCTb "F"aBog”' oottt erials suoplod b
. - owders made of the raw materials supplied by
TBEPAOCMNaBHbIN NHCTPYMEHT Solikamsky Magnesium Plant:
. a6pa3VIBHaﬂ NPOMBbILLUNEHHOCTb Niobium carbide powder (0.42 micron)
* MPOM3BOACTBO LLMMGOBATbHbIX M MONMPOBATbHbIX MaTepuanop  antalum carbide powder (0.74 micron).
.

aBTOMOOMNbHAS NPOMbILLNEHHOCTb

A new method has been developed for low-temperature synthesis of highly dispersed carbides of refractory

metals (tantalum, niobium, titanium and tungsten) from powders of the corresponding metals or their compounds.
The resulted carbide powders are characterized with the size of powder particles varying from ten micrometers

down to hundredths of a micrometer, with the specific surface of 30 to 50 m?/g.
The work was done in collaboration with AO Solikamsky Magnievyi Zavod (Joint Stock Company

Solikamsky Magnesium Plant).
POSSIBLE APPLICATIONS:

* machine building

+ metallurgy; hard-alloy tool making industry; abrasive-making industry

* grinding and polishing pastes

* automobile industry.
NPEMMYLLECTBA

+ Temnepatypa cuHTe3a cHkaetcst Ha 200-500°C 6narogaps UCNONb30BaHMIO MOHHO-3NEKTPOHHBIX pac-
NnaBoB.

* B KauecTBe UCXOOHOrO Chipbsi MOXET UCNONb30BATLCA OKCUA, ranoreHuns Tyronnaekoro MeTanmna unm no-
POLLIOK 3TOr0 MeTanna.

* YpelweBneHne TEXHOMOrMM N0 CPABHEHMIO C TMAPUAHOM TEXHONOMEN 3a CHET UCKMIOYEHUS QONONHNTENb-
HbIX OnepaLui NonyyYeHns TMapUAOB TYronnaBKkX METasnsoB.
ADVANTAGES

« Synthesis temperature is reduced by 200-500°C owing to the ion-electron melts used;

+ Refractory metal oxide, halogenide or metal powder can be used as a starting material for the technology
process;

+ Compared to the known hydride technology, the proposed method is cheaper owing to the fact that additional
processes for refractory metal hydrides are excluded.
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KOMMNO3VNUMNOHHDbIE 3JIEKTPOAbI
TBEPAO0OKCUAHbIX TOMNBHbIX 3N1IEMEHTOB
C MCNOb30BaHMeM HaHOAMCNEePCHbIX KOMMOHEHTOB

COMPOSITE ELECTRODES of solid—oxide fuel cells
with nanodispersed components

HB]TD

PaspaboTaHbl HOBble aKTUBHbIE 3MEKTPOAbl ANS  ANEKTPOXUMUYECKMX
YCTPOWCTB Ha OCHOBE OKCUAHBIX TBEPAbIX SMEKTPOUTOB (TOMSIUBHBIX MEMEH-
TOB, ANEKTPONNU3EPOB ANs MONyYeHUs YUCTOr0 BOAOPOAA U Kucnopoda u ap.):
KMCNOPOAHbIE — HA OCHOBE MaHraHuTa 1 eppuTo-kobanbTuTa 1 TONAMBHbIE —
HUKeNbKEPMETHBIE C MCMONb30BaHMeM HaHonopoLkos CuO u NiO.

OneKkTpoabl YHMBEPCanbHbl, MOMYT UCNOMNb30BAaTLCS KakK C TPaAMLMOHHLIMM
3NEeKTPONUTaMM Ha OCHOBE AMOKCMAA LIMPKOHWS, TaK W C 3NEKTPONMUTaMI HOBOMO
NOKONEHUS — Ha OCHOBE OKCWAa Liepust v rannata naHtaHa.

Pa3paboTtka BbinonHeHa coBMecTHO ¢ UHCTUTYTOM anekTpodmsunku YpO

nektpoHHbie mukpochotorpadmn  PAH.
katoga 99 macc.%
La, St Fe,:C0,,0, * 1 macc.% CuO.

Electron microphotographs of New active electrodes have been developed for electrochemical devices (fuel
a cathode containing 99 wt % cells and electrolyzers for production of pure hydrogen and oxygen): Oxygen

L2, S1;,Fe,,C0,,0; + 1wt % CuO. glactrodes based on manganite and ferrite-cobaltite, Fuel electrodes based on
nickel cermet.
The work was done in collaboration with IEP UB RAS.

NMPEMMYLLECTBA
* Bbicokas anekTpoxMMmyeckast akTUBHOCTb.
* MoryT adpcpekTnBHO paboTaTh, HaumHas ¢ 500°C u Boiwwe.
* /AMetoT BbICOKME YAeNbHble XapaKTEPUCTUKA.
* MosBonsioT paboTaTh C BbICOKMMM NNIOTHOCTAMM Toka (Ao 1 A/cm?) npu nepeHanpspkeHun go 100 mB.
* /ImetoT noaTBEPXKAEHHBIN pecypc paboThl cabiwe 2000 Yacos.
+ Mo3BONSIOT peanvaosartb yAenbHble MOLIHOCTU 0,5-0,7 BT/GM?,  [enteheTPreis Saeicimocty ciopoct omerenss

CYLLECTBEHHO CHU3UTb 3Hepro3aTpathbl 1 NOBbICUTb K.N.A4. 3HEp- ¢ HaHonopowkom Ni npuneyensl npu 1200°C Ges
rOyCTaHOBOK npeaBapuTenbHOTO CUHTE3a.
' Temperature dependencies of hydrogen oxidation rate on
nickel cermet-based anodes. The anodes containing Ni

ADVANTAGES: powder are baked at 1 200°C without prior synthesis.
* High electrochemical activity. s \
« Efficient operation at 500°C and higher. d e e
* High specific characteristics. ] |2 b
* Operation at a high current density (up to 1 A/cm?) at an e T (R
overvoltage of up to 100 mV. @ s o
+ The confirmed service life is over 2000 hours. e
* A considerable reduction in power consumption and better
efficiency of power installations. e & w W
* Universality, the use with traditional electrolytes based on . e J
zirconia and electrolytes of the new generation based on ceria
or lanthanum gallate. ™ & }
L REERENEERR -~
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HAHOKEPAMWKA HA OCHOBE OKCA0B LLUPKOHNA 1 AINMIOMWHWA

ﬁ Arnsg HOBOro rnokKoJjieHns ote4v4ecTBeHHbIX 3HAoMNMpPoTe30B U UMJIAHTAHTOB
i
i

NANOCERAMICS BASED ON ZIRCONIUM AND ALUMINIUM
Oxides for New Generation of Domestic Endopostheses and Implants

PaboTb! BbINONHEHbI COBMECTHO C:

Ypanbckou rocyaapcTBEHHOU MeANLIMHCKON akageMuen

000 «Cneukepamuka»

Meauumnckon komnanuein «OP®O»

PaspaboTaHa yHMKanbHas kepaMuka Ha OCHOBE OKCHAOB LIUPKOHUSA M antoMUHUA, MO-
AndULMPOBaHHasi HAHOKOMMOHEHTaMM, MMeIoLLas PeKOPAHbIe XapaKTepPUCTMKH:
* MPOYHOCTL B 3-5 pa3 NpesbILLaeT NPOYHOCTb M0G0 N3BECTHOM kepamukm (0, oT 800+1200

go 1800 Mra);

*  KoadbpuumeHT TpeHus B 8-12 pa3 MeHblUe, YeM Y METanmoB, CMOMb3YIOLLMXCS B Meau-
OneKTPOHHO-MUKPOCKOMNYECKOE e bepny P P y yiot A
13006paxeHne NUHENHOM HAHE, .
HaHOCTPYKTYPUPOBAHHOI ¢ nyywas B1IOCOBMECTUMOCTb W XMMMYECKaAsi CTONKOCTL B OpraHi3Me YeroBeka, YeM y niobbix
YNOpPsABOYEHHON CCTEMbI B Apyrux MaTepuanos.
00pasLe MeULMHCKON KePaMMKUA.
Electron microscopy image of the PaspaboTaHHast BbICOKOMPOYHAs MIIOTHas HAaHOKEpaMMKa MO3BOMUT WM3rOTOBUTL SHAOMPO-
linear nanostructured ordered T€3bl M UMMIAHTaHTbI HOBOTO MOKONEHWS ANS UCMOMb30BaHMS B OPTOMEANM U CTOMATONOMAM,

system in a medical ceramics

sample 3HOOMPOTE3VNPOBaHMM, OCOGEHHO CUNbHO3ArPYXaeMblX CErMEHTax YenoBeka, KoTopble Mog-

BEpPXeHbl HaI/I6OI'IbI.IJeMy PUCKY 1 U3HOCY (HOSBOHOHHI/IKa, CyCTaBOB, B T.4. Ta306eﬂpeHHbIX n
,up.), a KpynHonopucras BroakTuBHas Kepamuka obecneuut ANUTENbHYO Q)VIKCGL[VI}O 9HAOMPOTE30B U UMNNAHTAHTOB B OpraHusme
yenoseka n 6y,qu CIyXuUTb YHMBEpCallbHbIM CPEACTBOM ANA BOCCTAHOBNIEHUA KOCTHOW TKaHM Npwn BCEX XMPYPruyeckux onepaumax
B opToneauu, TpaBmMaTosorum, 0ToNapuHroorn U ctomaTonorum npu nevYeHnn napagoHTosa, KOCTHbIX ﬂe(peKTOB, KnCT, OI'IyXOJ'IGVI.

The work has been performed in collaboration with

Ural State Medical Academy

000 Spetskeramika

ORFO Medical Company

Aunique ceramic material based on zirconium and aluminum oxides modified with nanocomponents has been developed.
The ceramics has superior characteristics, namely:

* its strength is 3-5 times higher than the strength of any known ceramics (o, , ranges from 800-1200 to 1800 MPa);
+ the friction coefficient is reduced by a factor of 8 to 12 as compared to the friction coefficient of metals commonly used in medicine;
+ improved biocompatibility and chemical resistance in the human organism than those offered by other materials.

The developed high-strength nanoceramics allows endoprostheses and implants of the new
generation to be manufactured that can be used in orthopedics, stomatology, and endoprosthesis
as replacements of heavily loaded segments in the human body, which run high risk and are prone
to wear (the vertebral column and joints, including hip joints, etc.). The large-pore bioactive ceramics
ensure long-time fixation of endoprostheses and implants in the human body and will serve as
a universal material for restoration of the bone tissue in all surgical operations in orthopedics,
traumatology, otolaryngology and stomatology during the treatment of parodontosis, bone defects,
cysts, and tumors.

NaBHOE NMPeUMyLLECTBO WCTIONb30BaHMA Pa3paboTaHHON KepamuKn — NOnyYeHne MeauLInH-
CKIX M3OENNiA C PECYPCOM, B HECKOMBKO Pa3 MPeBbILLAILLMM CyLeCTBYIoLMe 06pasLibl, B T.4. uM-  OBpasLibl aHonpoTesos
NOpPTHbIE. KOHKYPEHTOCNIOCOGHOE NPOM3BOACTBO POCCHICKUX HAHOKEPAMUYECKUX UMMNaHTaHTOB HB”M“?gf:;gﬁg;ocE’Mg:;a:f'
M GHOOMPOTE30B MOXET NOMHOCTBHO 32KPLITH CMIPOC Ha 3TH M3AENNA, YAGWEBHTb WX CTOUMOCTb M enoera 1a BblCoKoMposHOI

3HaAYUTENBHO CHU3UTb 3aBUCKUMOCTb OT UMMOPTHO NPOAYKLMM. MNOTHOIA 1 KPYMHOMOPUCTON

The major advantage of the proposed ceramics is the possibility to obtain medical devices with ~ HaHOKEPaMIki.
the service life several times higher than that of the existing products, including imported devices. ~ Samples of endoprostheses and

" . L . . implants for the musculoskeletal
The competitive production of the nanoceramic implants and endoprostheses in Russia will be able system made of high-strength

to fully meet the demand for such products, considerably reducing production costs, thus avoiding  dense large-pore nanoceramics.
the dependence on the imports.
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KOMMO3NUMNOHHAA KEPAMWUKA
KOpyHA/ rekcaanioMuHaT naHtaHa /
antomMooKcnaHoe HaHOBOJTOKHO

Corundum/Lanthanum Hexaaluminate/

Alumina Nanofiber
CERAMIC COMPOSITE

KOMM HAYUHBIA

— 4

X

[MonyyeH Kepamn4ecknii KOMMNO3ULMOHHbLIN MaTe-
puan coctasa: KopyHaoBas MaTpuLa, HanosHeHHas
CMOUCTBIMM  MUKpPOYaCTULAMKM  rekcaarnioMuHaTa
NaHTaHa 1 yCWUNIeHHas HaHOBOJSIOKHaMK antoMOOK-
CUAHOro coctasa. Bce KOMMOHEHTLI MaTepuana CuH-
TE€3MpOBaHbl 30Sb-reflb  cnocobom. PesynbTathl
N3yYeHWs MUKPOCTPYKTYPbl MaTepuana MeTogoM
CKaHMPYIOLLEeN 3neKTpoHHOU Mukpockonin (CIM)
CBUOETENBCTBYIOT 06 OOHOPOAHOCTW pacnpenene-
HWS BCEX KOMMOHEHTOB B MaTpuLe. MakcumansHoe
ycurneHue Matpuubl JOCTUraeTes npu Moanuguum-
POBaHUM MOBEPXHOCTU HAHOBOMOKOH aroMOOKCHA-
Horo cocTaBa. MaTepuan MoxeT ObITb UCMOMNb30BaH
ANS NPOW3BOACTBA KOHCTPYKLMOHHOM, OrHEYNOPHO
W PYHKLMOHANBHOW KepaMuKu.

MwukpodpoTorpadmm: a — ckona komnoauta — 2000x; 0Bwimit BuA
MWKDOCTPYKTYPbI KOMNO31Ta, apMUPOBAHHOTO HAHOBOIOKHAMM —
6 -15000x; B -20000x.

Microphotographs: (a) cleaved composite at 2,000 magnification;
(b) a general view of the composite microstructure reinforced with
nanofibers at 15,000 magnification; (c) at 20,000 magnification.

OCHOBHbIE MPEMMYLLECTBA

Kepamuyeckuin KOMNO3NLMOHHBIA MaTepuarn, Mo-
ANULMPOBAHHBIA OKCUOOM WUTTPUS, MOSYYEHHDbIN
no 30Mb-refb Crnocoby, CUHTE3WUpyeTcs npu Tem-
nepatypax 1200-1300°C, uto Ha 200-300°C Huxe
TEMNEpaTyp CUHTE3a KepamuK, MOMYYEHHbIX Mo
TPaANLMOHHON KepaMMYECKOW TeXHOMoruum, cne-
kaeTcs npu Temnepatypax 1500-1600°C, uyto Ha
100-200°C Huxe OTHOCWTENBHO TEMMepaTyp CUH-
TE€3a Kepamuk, MOMyYeHHbIX MO TPaAMLMOHHOM
Kepammnyeckon TexHonoruW, npaktuyecku go bec-
nopucToro coctosHus npu 10-yacoBom obxure;
MMEET XOpOLIO CHOPMUPOBAHHYKD MUKPOCTPYKTYPY
C CyOMUKPOKpUCTaNIMYECKUMN pasMepammn 3epeH;
obrnagaet TyronnaBKOCTbH0, BbICOKUMM 3HAYEHWUSAMM
NPOYHOCTM M3rnba, KodghduUMeHTa TPELLMHOCTON-
KOCTW, U3HOCA, TBEPAOCTM.

A ceramic composite material has been developed
that has the following composition: the corundum
matrix is filled with lamellar microparticles of hexa-
aluminate lanthanum and is reinforced with alumina
nanofibers. All the material's components were
synthesized by the sol-gel method. Analysis of the
microstructure composites by scanning electron
microscopy has proved the uniform distribution of all
components in the matrix. Maximum strengthening
of the matrix is attained as a result of the surface
modification with nanofibers of alumina composition.
The material can be used for making structural,
refractory and functional ceramics.

FIELD OF APPLICATION

Structural, refractory and functional ceramics
MAJOR ADVANTAGES

The composite material modified by yttrium oxide
and prepared by the sol-gel method is synthesized
at temperatures 1200-1300°C, which is 200-300°C
lower than the synthesis temperatures for ceramics
prepared by a conventional ceramics technology;

The proposed ceramics is sintered at temperatures
1500-1600°C, which is 100-200°C lower than the
sintering temperatures of ceramics prepared by a
conventional ceramics technology;

The proposed ceramics has a well-formed
microstructure with submicrograin crystals; and it
shows refractoriness, high bending strength, crack-
resistance efficiency, wear-resistance and hardness.
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CNCTEMA ABTOMATU3NPOBAHHOIO NMPOEKTUPOBAHINA
TEeXHONOrM4eckmx NpoLeccoB KOBKYM BanoB Ha MornoTax

i:;r!\} COMPUTER-AIDED DESIGN SYSTEM FOR THE TECHNOLOGY
of Shaft Forging on Hammer

PaspaboTaHa MHTENNeKkTyarnbHas KOMMbOTEPHAs CUCTEMA NPOEKTMPOBAHMS TEXHOMNOMN KOBKI NMOKOBOK Ba-
noB Ha MonoTax. [MpegHasHayeHa Anst MaLMHOCTPOUTENbHBIX NPeANPUSTUN.

An intellectual computer-aided design system has been developed for the technology of shaft forging on
hammer. This system is intended for businesses of the machine-building industry.

ObecneunBaeT WHTENNEKTyarbHbI BBOZ reOMEeTpUN JeTanu 1 NOKOBKM B BCTPOEHHOM rpaduyeckom pe-
naktope. OCyLIECTBNAET NPOEKTUPOBAHIE NOKOBKM, PACYET TEXHONOMYECKUX OnepaLiuit, BbIGOP 3aroToBky,
BbIGOP KOBOYHOTO 060PYA0BAHMS N MHCTPYMEHTA, HasHaYeHUe TeMNepaTyPHbIX PEXUMOB KOBKM N PEXMMOB
TepmMoobpaboTkM, pacyeT HOPM BPEMEHN Ha KOBKY 1 HOPM pacxoda MeTarnna, popMUpoBaHie KapTbl TEXHO-
NOMMYECKOro MPOLIecca KOBKM U BEAOMOCTW HOPM BPEMEHH, MOUCK, BbIBOPKY, COPTUPOBKY, apXM1BUPOBaHMUE U
aKTyanu3aumio AaHHbIX O AeTansX, NOKOBKaxX W TEXHOMOrMYeckux npoleccax. PaboTaeT B BbIMUCIUTENBHOV
CETY KaK KNUEeHT-CEPBEPHOE MPUIOXEHNE. XpaHNT BCHO MHGopMaLmio B 6ase AaHHbIX.

The system supports an intelligent input of data on the geometry of forged pieces and parts through the
integrated graphics editor. It performs forging piece and manufacturing procedures designing; carries out
selection of a workpiece; allocates forging equipment and tools; sets the temperature regimes for forging and
thermal treatment; calculates time allowances for forging operation; rates metal consumption; forms forging
flowcharts; and keeps time allowance report sheets. The system carries out searching, sorting, selecting,
archiving, and updating the operational data on forged pieces, parts, and technology processes. The system
operates in the computer network as a client--server application. It stores all information in a database.

e ——

|
[poeKT1poBaHE NOKOBKM KapTa TexHonoruyeckoro npotecca
Designing of a forged piece Technology flowchart
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KPUCTAJUJTN3AUNA CTAIN B NU3JT0>KHWLLE
CRYSTALLIZATION OF STEEL IN INGOT MOULD

PaspaboTtaH nporpammHbIii komnneke «Kpuctannuaaums
CTanu B U3NOXHULE», NpeaHasHa4YeHHbIN ANs MO4enmpo-
BaHMS NPOLIECCOB KPUCTaNNM3aLmm CrimTkoB 60MnbLUMX Macc.
Komnnekc paboTaeT nog ynpaeneHeM onepauyoHHON cu-
crembl Windows XP unu Bbliwue. Anroputm ero paboTbl OCHO-
BaH Ha (PU3MKO-XMMUYECKON TEOpUN KBA3MPaBHOBECHOM
ABYX(ha3HOW 30HbI, 4TO NO3BONSET Y4ECTb HEOAHOPOAHOCTb
coCTaBa TBEPLOro W NOBbILUEHWE KOHLIEHTpaLmMK yrnepoaa 1
. APYruX NpUMecer B KUOKOW YacTu 30HbI NpU KpucTannusa-

A uuu. Mpu 3TOM YUMTBIBAKOTCS YCaf04HbIE MPOLECCHI, B TOM

= yncne obpasoBaHue YCafOYHOM PaKOBUHbI, XUMUYECKUE
npoLecchl, npouecchl TennoobMeHa, NUKBaLWK, BHELHWe
BO3AEMCTBUSA, HayarbHble W rpaHWYHbIe YCMOBUS, BMMSIO-
LMe Ha KpUCTannm3aLmio CnnTka.

i
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Software package “Crystallization of Steel in Ingot Mould” is intended for simulation of large-tonnage ingots
crystallization processes. The package can run under Windows XP operating system and higher. Its working
algorithm is based on a physicochemical theory of quasi-equilibrium two-phase zone that allows consideration
of the compositional inhomogeneity of a solid phase and of the increase in the carbon and other impurities
content in the liquid part of crystallization zone. Shrinkage processes including cavity formation, chemical
processes, heat exchange, segregation, external impacts and the initial and boundary conditions having an
effect upon crystallization are taken into account as well.

OTNMUYNTENBHBLIE OCOBEHHOCTH
[MporpaMMHbIA  KOMMAEKC UMeeT
WHTepdelc 1 No3BONSET:

* NPOBOAMUTbL pacyeTbl TEMNEpPaTypHbIX NOMEN CRNT-
Ka W U3NOXHULbI;

* YUYMTbIBATb BMMSHWE 3a30pa MEXAY CUTKOM U 13-
NOXHULEN;

* NPOrHo3npoBaTb (PopMuUpoBaHue a3 npu usMe-
HEHWUW (POPM OTIIMBKU (U3NOXKHULLbI).
cnonb3oBaHue NpOrpamMMHOrO KOMMfekca Cro-

COBCTBYeT YBENUYEHWIO BbIXOAA, MOBLILLEHUIO Ka-

4ecTBa M MAOTHOCTW NWUTON CTPYKTYPbI, 3KOHOMMM

SHEPreTMYeCKUX 1 MaTepumarbHbIX PEecypcoB Mpu

pasnvBKe 1 3aTBepAeBaHum CrraBoB.

rpacuyeckumn

DISTINCTIVE FEATURES

The software has a graphic interface and makes it

possible:

* to calculate the temperature fields of ingot and
mould;

+ to take account of the ingot-mould gap influence;
and

* to predict the formation of phases depending on
the ingot (mould) shape.

Application of the bundled software increases
the product yield, improves the properties and as-
cast structure, and saves the power and material
resources used for casting and solidification of alloys.

620016, r. ExaTepuHOypr, yn. AMyHaceHa, 101
WUHctutyT metannyprum YpO PAH

OupekTop A.1.H. CenuBaHoB EBrenunit Hukonaesuy

Ten.: (343) 267-91-24, chakc: 267-91-86

E-mail: admin@imet.mplik.ru, web-cant: www.imet-uran.ru



ONTUMATbHbIA CUHTES
aHTeHHbIX cUcTeM KocmMmu4veckoro 6a3nposaHus

OPTIMAL SYNTHESIS of Space-Based
Antenna Systems

PaspaboTaHbl BbICTPOLENCTBYIOLLME METOAbI CUHTE3A W
3(DhEKTUBHbIE anrOPUTMbI YMpaBreHns ny4oM GopToBbIx @ b
@HTEHH Ans COBPEMEHHbIX BbICOKOI(PEKTUBHBIX CUCTEM
CMYTHUKOBOW CBSA3W KOCMIYECKOro 6aanpoBaHms:

* 3epKarbHbIX aHTEHH CO CIOKHBIMK 0BnyyaTensamu B Buae
aHTEHHbIX PELLeTOK C amnnuTyaHo-hasoBbiM,  (hasoBbiM
yNpaBneHreM 1 ABOMHBIM (Pa3oBbIM YripaBneHueM (rmbpua-

e

Obnactb NOKPbITNA NMY4YOM aHTEHHbI

a) OpHa obnactb obeny-

Tepputopum EBponel, Ku-ananasoH
(rmbpmaHas 3epkanbHasi aHTEHHa)

Total service area of Europe, Ku-
band (hybrid reflector antenna)

Fast methods of synthesis and effective algorithms of airborne antenna beam control for modern
high-efficiency satellite communication space-based systems have been worked out for the

following:

« reflector antennas fed by the antennas array with the amplitude-phase, only phase and double

phase control (hybrid reflector antennas, HRA);
+ specially shaped reflector with a single feed.

[MpmeHeHe paspaboTaHHbIX METOLOB CvHTE3a NO3BOMSAET
MOMYYNTL YCTONUMBYHO K OLLIMOKAM M3rOTOBIIEHWS KOHCTPYKLMIO
(dbopmy) aHTEHHbI C OMTUMArTEHBIMA XapaKTEPUCTUKAMM 13-
nyyenmns. Vicnonb3osaHne MpeasioxeHHbIX anropuTMOB A
YNPaBMeHns yKasaHHbIMA aHTEHHaMK MO3BOMSET peLlaTb
LUIMPOKWIA KPYr 3aad, B TOM Y1CTie W B peasibHoOM MaciuTabe
BpemeHu Ha Gopty C3:

1. chopmrpoBaHMe HMKCMPOBAHHBIX KOHTYPHbIX JTyuen,
OCBELLIAOLLVIX 38AaHHbIE reorpachmyeckye panoHbl 3eMHOM Mo-
BEPXHOCT;

2. (hopmm1poBaHME MEPECTPANBAEMbIX KOHTYPHBIX TyYel,
0becrneyVBaIoLLMX NOKPbITIE 3a0aHHON TEPPUTOPWX MPY 3Me-
HeHun Touku cTosiHus MIC3 Ha reoctauuoHapHon opbute unm
Mpy €10 NEPEMELLIEHIM MO AMNMMTAYECKOI opouTe;

3. hopM1pOBaHIE HECKOMBKX Ny4ei OfHOBPEMEHHO;

4. CKaHMpOBaHIe Ty4OM 3a1aHHON POpMbI;

5. CKaH1poBaHVe HeledyOpMUPOBaHHBLIM NYYOM B 3aaHHON
obnact;

6. OMTMMM3ALYIO MOBEPXHOCTM pedbriekTopa 1 obIyyatoLLei
QHTEHHOM PeLUETKV NOA, 3a4aHHbIN KNace Nyven u T.4.

Halu meTog cvHTE3a KOHTYPHBIX fyyel SBNseTcs BbiCTpo-
JENCTBYIOLLMM 1 MOXeET BbITb Mcronb3osaH Ha 6opTy UCS,
BKIHOYas HU3KoOpBUTanbHbIE CUCTEMbI CBA3W, NS yrpaBre-
HUS1 NIy4amm B pearibHOM MacluTabe BpEMEHN.

BO3MOXHO BbINOMHEHWE ONMTUMANBHOMO CiHTE3a MbpUa-
HON 3epKaibHON aHTEHHBI C 30HTUYHBIM pedhnekTopoM Borb-
LWMX SMEKTPUYECKMX PaA3MEPOB C OOMyuatoLLIen aHTEHHON
PELLETKOM.

620990, ExatepunOypr, yn. C. KoBanesckomn, 16

WHcTuTyT Matematukm n mexanukn YpO PAH

HbIX 3epKarbHbIX aHTEHH - [3A);
* 3epkasbHbIX aHTEHH C NPOCUIMPOBAHHON (roGpUpPOBaH-
HO) MOBEPXHOCTHH0, 0BMy4aembIX MPOCTbIMM 0bMyyaTensMm.

xmBaHusa KHP, Ku-guana3soH
(MpodounnpoBaHHbIN pednekTop)
3epkanbHas aHTeHHa)

a) Total service area of China,
Ku-band (hybrid reflector
antenna)

b) MokpbiTne Tepputopun KHP
30HHbIMK fyqamu (F3A) b) Seven
service areas of China, Ku-band
(hybrid reflector antenna).

The developed synthesis
methods make it possible to obtain a structure of the antenna,
which is steady to manufacturing errors and possesses optimal
characteristics of radiation pattem. The proposed algorithms for
antenna control allow a wide range of tasks to be solved:

1. To shape fixed beams of complicated form (contour beams)
covering the specified areas on the Earth;

2. To shape reconfigurable contour beams that provide
coverage of a specified territory when a satellite is changing
its stationary point in the geostationary orbit or is moving in the
elliptic orbit;

3. To shape several simple beams simultaneously;

4. To realize a scanning regime with a shaped contour beam;

5. To realize a scanning regime by undistorted beams within
the service area;

6. To optimize reflector's surface and the antenna feeding
array according to a given class of rays, efc.

Our methods of contour beams synthesis are very fast and
can be used with onboard equipment of the communication
satellites, including LEO-satellite communication systems (Low
Earth Orbit), for real-time control of contour beams.

It is feasible to perform the optimum synthesis of hybrid
reflector antennas with an umbrella reflector of large electric
sizes and with real-time controlled feeding array.

MosepxHocTb (war 0.025 )
| NpOMUIMPOBAHHOTO

pecnektopa Ku-grnanasoHa ans
Bcen Tepputopun KHP

The surface (step 0.025 A) of
the Ku-band shaped reflector for
cervice of the full area of China.

» |
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ATTP - komnbloTepHasa TEXHONOIMA BblYNCEHUS

TornoronpasokK Nnpu rpaBMMeTpUyvecKnX nccriegoBaHnAX

ATTP Computer Technology for Calculation of
Topographic Corrections to Gravity Measurements

o0 PR

WHCTUTYT
FOPHbI
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KomnbloTepHas TexHomnorus npeacras-
nset cobon yHuBepcanbHoe nporpamm-
HOe CpedcTBO, MpefHasHavyeHHoe Ans
BbICOKOTOYHOrO pacyeTa nomnpaBok 3a
BNUSiHWE penbeda 3eMHOM NOBEPXHOCTM
npu rpaBUMETPUYECKUX UCCReLoBaHu-
ax. [lofHOCTBI  @BTOMATM3MPOBAHHLIN
npoLecc BbluMCNeHun TpebyeT MuHK-
ManbHOro BMeLaTeNnbCTBa YerioBeka M
XapaKTepuayeTcs OTHOCUTENbHO Marbl-
MV BpPEMEHHbIMM 3aTpatamu Jaxe npu
Bonblwmnx obbemax gaHHbIX.

The computer technology is a universal programming tool destined for the high-accuracy calculation of
topographic corrections to gravity measurements. The computer-aided calculation process requires little human
intervention and is characterized by a relatively small processing time even for large data sets.

TexHonorus ucnonb3ayeT LugpoBble Mogenu penbeda, 4To NOTHOCTLH CHUMAET NpobrieMy pyyHoro BBoAa
Bonblumx 06beMoB Tonorpadnyeckon nHgopmaumun. Mporpamma «ATTP» 3apeructpuposaHa (CeugeTens-
cTBO 00 odpuymanbHon pernctpauum nporpammbl 4ns IBM Ne 2004611612) 1 UMeeT NONOXMTENbHBIE OT3bIBbI
OT psifia reonoropa3sefoyHbIX opraHusaumn Poccumnckon ®egepaumm.

The technology utilizes the digital elevation
models, which allows the manual operations
to be avoided for the input of large data sets
of the topographic information. The ATTP
program is registered (Registration Certificate
No. 2004611612) and has positive feedbacks
from various geological survey organizations
in Russia.
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BEKTOP - komMmnbloTepHas TexHonorms
MHTEepNpeTaunn reonoTeHUmManbHbIX Nonemn

VEKTOR Computer Technology
for Geopotential Field Interpretation

o0 PRH

WHCTUTYT
FOPHbI

KomnbloTepHast TexHomorus npeacTaBnsieT cobom
MOLLHOE MHTEPAKTUBHOE CpeacTBo 06paboTku, MHTEP-
npetauuy v BU3yanusauun LaHHbIX NIOLWAaHbIX reo-
dmsnyecknx ncenepgosaHnin. Cuctema npegHasHayeHa
Ans yrnybneHHoro aHanusa reonoTeHUmManbHbIX nonen
(rpaBWTaLMOHHOTO, MarHUTHOrO) 1 MOMen AaHHbIX, KO-
TOpble MOTYT ObITb ONMCaHbI NOTEHLMANBHBIMIA (PYHK-
LMaMu.

The computer technology is a high-end interactive
tool for processing, interpretation and visualization
of the areal geophysical research data. The system
is designed for the in-depth analysis of geopotential
(gravity and magnetic) fields and data fields described
by potential functions.

WHTepnpeTaumoHHas TexHonorus obnagaet BbICOKUMU paspeLuaomm
CnocobHOCTAMM ANS pasfeneHns aHoManui nons v nokanusauum ux uc-
TOYHWKOB B NPOCTPAHCTBE NPU BECbMA CIIOXKHbIX Fe0Nnornyecknx CuTyaLusx.
Cuctema «BEKTOP» 3apeructpupoaHa (CuaetenscTso 06 oduumansHomn mram
peructpaumm nporpammbl ang 3BM Ne 2004611611) n umeet nonoxutens- ... Wi %
Hbl€ OT3bIBbl OT Pa3NMYHbIX OpraHW3aLni, BKoYas MUHUCTepCTBO NpUpoa- : )

HbIX pecypcoB Poccuickon Pefepaunn. PGEKTUBHOCTL €€ MPUMEHEHMS : CMmAETEALCTRO

MOATBEPKAAETCSH MHOMOYUCIIEHHBIMI PE3yNbTaTamMu PELLEHNS NPUKNaAHbIX g ——
3apay HehTerasoBom 1 ropHOL0BbIBaIOLLEN MPOMBILNIEHHOCTH. e

The interpretation technology has a high resolution for separation of field ==
anomalies and localization of their sources in rather complicated geological m——E
situations. The VEKTOR system is registered (Registration Certificate . s S e
No. 2004611611) and has positive feedbacks from various organizations, : 7 o7 o £
including the Ministry of Natural Resources of the Russian Federation. The
system’s effectiveness has been confirmed on numerous occasions by
providing solutions to applied problems in oil and gas and mineral resource
industries.
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MH®OPMALIMOHHO-AHANTNTNYECKAA CNCTEMA
«PervoHanbHoe ynpaeneHne hoHaoM obLiepacnpocTpaHeHHbIX

nose3sHbIX NCKoNaeMbIX»
INFORMATION-ANALYTICAL SYSTEM A

“Regional Management of Widespread Mineral Resources”

= s—i VHopmaLMoHHo-aHanuTUYeckas cuctema «PervoHansHoe ynpasre-
' - : - HWe poHAOM 06LLepacnpOCTPaHEHHbIX MOME3HbIX UCKOMAeMbIX» npes-
cTaBnsieT coboM COBOKYMHOCTb MPOrPaMMHO-TEXHUYECKUX, KOMMYHM-
KaLMOHHbIX CPEACTB, MH(OPMALMOHHBIX PecypcoB, 0becnevnBaroLmx
NACHOPT HakonneHue, XpaHeHue, aHanus W UHTEPNPeTaUMo pasfinyHbIX reono-
TUYECKWX U HEreonornyeckmx LaHHbIX — TEKCTOBbIX, TabNnUyHbIX, rpadm-
Yeckux, kaprtorpaduueckux. LleneBoe npakTuyeckoe HasHauveHue cu-
CTeMbl — UH(OPMaLMOHHO-aHanUTUYeckoe obecneyeHne KOMMIEKCHON
WH(OpMaLMeNn NO MECTOPOXAEHNAM 06LepacnpoCTpaHEHHbIX Mones-
HbIX MCKOMaeMbIX OpraHoB roCyAapCTBEHHOMO YMpaBneHns B pervoHax,
OpraH13aLmi, OCyLLeCTBASIOWMX Hay4YHble UCCIEA0BaHMS, MPOEKTHO-NU3bICKaTENbCKME PaboThI.

FOCT LA TR UL LS =
MECTOFGEITHA & B (rns
LTI TR T b

The information-analytical system “Regional Management of Widespread Mineral Resources” is a suite of
communications products, software and information resources that provide accumulation, storage, analysis
and interpretation of various geological and non-geological data in the form of texts, tables, graphs, and
cartographic materials. Practical application of the system is to monitor the complex data on the widespread
natural resources and provide information support to the state-run public authorities in the regions, to scientific
research organizations and companies offering design and survey services.

[ins onepaTMBHOrO noucka n 06paboTku MHGOPMaLMK N0 MECTOPOXAEHUSM pa3paboTaHa 3neKTpoHHas
6a3a gaHHbIx nog ynpaenexnem CYB[ Microsoft Access. basa gaHHbIx coctont
W3 KOMMMEKTa OCHOBHbIX TabnuL, 1 BKNagokK (rMnepechInok) K HAM, B KOTOpble 3a-
NUCbIBAETCS Kak TEKCTOBas MH(hOpMaLs (Nons TMna memo), Tak U NPUKpPenneH- ; i
Hble haliribl TEKCTOBbIX, FPaciUYeCKIX U APYIUX NPUNOXEHUIA — HGOpMaUmMsa U3 || =ee ]
reonornyeckmx 0THETOB, NPOTOKONOB YTBEPKAEHNS 3anacoB 1 T.4. basa AaHHbIX e o i

|
|

M0 MEeCTOpOXAEeHNsIM 06LLepacnpoCTpaHEHHbIX MOME3HbIX MCKONaeMbIX BHELPE-

Ha B NpaKTMKy Heapononb3oBaHust B HeHeLkomM aBTOHOMHOM okpyre, Pecny6nu- —
ke Komu. o cpaBHEHWHO C CYLLECTBYIOLLMMI aHanorami paboTa ¢ JaHHbIM pe-  lusiisn
CYPCOM OCHOBaHa Ha 1CMofb30BaHUK 06LLepacnpoCTpaHEHHOro NPOrPaMMHOro
obecreyeHus, He TpebyeT NpUBMEYEHNs BbICOKOKBANMMULIMPOBAHHOIO NepCo-
Hara. F— ==

For efficient search and processing of mineral deposit information, the database e
has been developed under the Microsoft Access database management —
system. The database contains a set of tables and hyperlinks with recorded text | :
information of memos and attached files of text, graphic and other applications,
namely, the geological report data, mineral reserves confirmation records, etc.. nggﬁg;,;gﬁgg;ggimmb'X
The database on the widespread mineral resources has been put into practice in  nonestbim uckonaemsiu.
the Nenets Autonomous Okrug and Komi Republic. The developed system, when  Screenshots of database tables
compared to the existing analogs, does not require the involvement of highly ~cortaning widespread mineral
skilled personnel and can be operated on the basis of widely used software.

167982, r. CbikTbiBKap, CM-2, yn. NepBomaiickas, 54
WUHcTutyT reonormm Komu HL YpO PAH

OupekTop uneH-kopp. Acxabos Acxabd MaromenoBuy
Ten./dpakc: (8212) 24-09-70

E-mail: institute@geo.komisc.ru, web-cant: www.geo.komisc.ru



MPOrPAMMHbI KOMIMJIEKC
«leonoro—craTucrtu4veckas obpaboTka reoXmuMmn4YecKnx AaHHbIX»

A STATISTICAL TREATMENT
of Geochemical Data Software Package

Paspa60TaH KOMMNMEKC anroputMoB U NporpaMm Ans CrneumanbHoON reonoro-CTaTucTUYecKoit 06pa60TKM
reonioropa3BegoyHbIX N TEOXMMNUYECKUX OAHHbIX.

Apackage of algorithms and programs has been developed for the special geological and statistical treatment
of geochemical and geological surveyance data.

PaspaboTka nossonser LeneHanpasnieHHo 0bpabaTbiBaTb reoXMMUYECKIe JaHHble C Pa3HOPOAHON METPO-
NOTMYECKON XapaKTepPUCTUKON — OT TUNA «Aa-HeT» A0 M3MEPEHHBIX B HOMUHAIBHbIX, MOPSAAKOBbIX LLUKarnax u B
LLUKanax OTHOLLIEHWI (KONUYECTBEHHBIX).

[lanHas paspabotka nossonset nonyvatb 6onee 0BbEKTUBHYIO XapaKTEPUCTUKY reonormyeckux 06bekToB
3a CYeT BKIMKYEHUS B CUCTEMHbIN aHanM3 reoioryecknx AaHHbIX, MOMyYeHHbIX B Pa3Hble rofbl, HA PasHOM
obopygosaHum, B pa3Hbix nabopatopusix. Komnnekc peanusyet B OCHOBHOM OpUrMHanbHble aBTopckie pas-
paboTkW, NO3BONAIOLIME BbISBNATL NPOCTPAHCTBEHHBLIE TEHAEHLMN U3MEHEHUS CBOWCTB W PacMoNOXeHUs
reonornyeckmx 0BbLeKToB, BaXHbIX AN MPOrHO3a MECTOPOXAEHUA NONE3HbIX UCKONAEMbIX.

The developed software package makes it possible to carry out the task-oriented special treatment of
geochemical data of a diverse metrological performance: the data can be of Yes/No field or they can be the
measurements in the nominal, ordinal or ratio scales.

The software package provides a more objective characterization of geological objects owing to the
involvement of geological data that have in different years been obtained by different laboratories using
different equipment. This package includes original authoring systems, which allow the spatial trends to be
revealed in the alteration of properties and locations of geological objects, which is critical for explorations of
natural mineral deposits.
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NMH®OPMALUNOHHO-AHAJTINTUYHECKAA CUCTEMA
«[eonoro—akoHoMn4ecKas oLeHKa MecTopoXAeHUN
N aKonormn4yeckas oLeHkKa nocneacTenim NX OCBOEHUAY

INFORMATION-ANALYTICAL SYSTEM
“Geological and Economic Appraisal of Mineral Deposits and
Evaluation of Environmental Impact Caused by Their Development

VIH(hopmaLMOHHO-aHanuTMYeckas cucTema NpeacTaBnser coboi COBOKYMHOCTb
METOAMK, NPOrpaMMHO-TEXHUYECKMX, KOMMYHUKALMOHHbIX CPeacTB, MH(OPMALMOH-
HbIX pPecypcoB, 0BecneynBatoLLMX HaKOMMEHUE, XpaHEHWe, aHanm3 1 UHTEpNpeTaLuo

s TEKCTOBbIX, TabNNYHbIX, rPachnyeckmnx, kKapTorpadmyecknx JaHHbIX N0 MECTOpOXae-
: HWAM TBEPAbIX MOME3HbIX UckonaeMbix. Llenesoe npakTnyeckoe HasHa4YeHue cucre-
Mbl — OnepaTuBHas CTOMMOCTHAs OLieHKa OXOAHOCTM OHOKETOB pasHbIX YPOBHEN OT
pa3paboTkm MEeCTOPOXAEHWIA MONE3HbIX MCKOMAEMbIX (CyLLECTBYHOLIEN 1 MPOrHO3W-
pyemoit) 1 oLeHKa yLepba okpyxatoLLen cpeae.

N ~

Puc. 1. OueHka pecypcHoro
noTeHYMana MyHULMNanbHoro
o6pasoBaHus

Fig. 1. An appraisal of a
municipal mineral resource
potential

The information-analytical system is a suite of methods, software, communications
products, and information resources that provide accumulation, storage, analysis and
interpretation of textual, tabular, graphic and cartographic data on the mineral deposits
and mines. The system has found practical application as a task-oriented operational
cost evaluation of the existing and predicted budget returns at various levels from the
development of mineral deposits, and as an environmental impact assessment tool.

PaspabotaHa MeTOaMKa COKPALUEHHOW CTOMMOCTHOW OLEHK MECTOPOXAEHUA NONMesHbIX WCKOMaeMbiX Ha
OCHOBe [oxoaHoro metoaa. OnpeaeneH onTUMarnbHbIii HAbop NokasaTenen, NO3BONSOLLMIA NPUHUMATL YNpaB-
NeHYeckue peLueHus. B 6roke reonoro-akoHOMMYECKO OLIEHKN pacCunUTbIBAETCS
9KOHOMUYECKMIA 3CHPEKT OT OCBOEHUS MECTOPOXAEHUA W OLEHMBAOTCA 4OXO4bI
MO Pa3nMYHbIM YPOBHAM BH0KETOB. BIOK 9KONOMMYECKOM OLIEHKW NO3BONSIET AaTb
LEHEXHYI0 OLIEHKY 9KONOMMYECKUX NOCMEACTBUIM re0Noro-passeaoyHbIX paboT 1
rOpHO-400bIBAIOLLEN AEATENbHOCTH, MPOrHO3HYKO OLEHKy yuiepba anemeHTam
OKpyxaroLlen cpedpl. [1ns onepaTnBHOro noucka u 06paboTkm MHopmaLmm no
MeCTOpOXaeHusM paspaboTaHa anekTpoHHas 6asa fAaHHbIX Mog ynpaBrieHneM
CYB[ Microsoft Access u peanusoeaHa cBs3b ¢ [IC-cuctemon, obpabarbiBato-
LLer KapTorpadoryeckyro MHPopMaLo.

Puc. 2. Mpumep cTonmocTHON
OL{EHKV MECTOPOXAEHNS

Fig. 2. A screenshot of a mineral

Based on the revenue method, a shortcut method has been developed for the  deposit cost evaluation

cost evaluation of mineral deposits. An optimal combination of indicators has been
determined, which allows managerial decisions to be taken. Within the geological-
economic evaluation module, the economic effect from the development of deposits
is calculated and budget returns are evaluated at different levels. The environmental
module makes it possible to carry out a monetary assessment of the environmental
impact caused by geological surveys and mining activities and to give predictive
appraisals of damage to the elements of the environment. To efficiently search and
process the mineral deposit information, a database has been developed under the
Microsoft Access database management system and a linkage has been realized
with the geoinformation system (GIS) that processes the cartographic data.

Puc. 3. Mpumep akonornyeckon
OL{EHKW OCBOEHS MECTOPOXAEHMS

Fig. 3. A screenshot of an
environmental assessment of the
mineral deposit development
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NMOCTPOEHUWE CUCTEMbI CUTYAUWNOHHOIO VINPABJIEHUA
Ha 6a3e Normko-sIMHrBUCTUYECKOro MoAennpoBaHna

SITUATIONAL MANAGEMENT SYSTEM
Based on Logical-Linguistic Model

B

B pamkax paspabotku 1 peanusauumn Ctpaterum,
CrpaTternyeckoro nnaxa, Mporpammbl yCTONYMBOrO
pa3BUTUS TEPPUTOPUIA, OTpacren u cdep aedTenb-
HOCTW, npeanpuaTUiA paspaboTaHbl (0O YPOBHSA
WHCTPYMEHTA) 9KCMEPTHble CUCTEMbl CUTYaLMOH-
Horo ynpaenenus (3CCY): «Cuctema npuobperte-
HUA 3HaHUA «loMoLHKK JkcnepTa» (NOCTpOeHWe
KOHLienTyarnbHoi Mogenu npeaMeTHoW obnactut u
ONMKCaHMs CUTYaLIMOHHOTO NpPOCTpaHcTBa), «Manbii
peLaTens npobnem» (hopMMpoBaHUE MPOAYKLMOH-
HbIX 6a3 3HaHui npuknagHeix ICCY n obecneyeHune
MX  (yHKUMOHMpOBaHUS); «PykoBoguTenby (pas-
paboTka CUTYaLMOHHBIX TPEHAXEPOB-MMUTATOPOB,
npeaHas3HayeHHbIX Ans obyyeHns pykoBoauTene
MPUHATUKO YNPaBMEHYECKUX PELIEHNA U OKa3aHUs
UM UHOPMALMOHHON NOAAEPKKM).

Mpobnembl, BblaeneHHbIe B
npoLecce aHanuaa.
Problems identified by the
analysis.

Mo cpaBHEHMO C CUCTEMaMW, NOCTPOEHHBLIMM
Ha TPagUUMOHHbIX MOAXOA4AaX W MaTeMaTU4ecKuX
Metodax, npegnaraemble 3CCY paspaboTaHbl
Kak CMCTEMbl CUTYaLMOHHOMO ynpaBneHns Ha Gase
NOTMKO-NIMHTBUCTMYECKNX MoZenen ans obecneve-
HWS YCTOMYMBOrO pa3suTus P®, pervoHa, MyHULM-
nanbHbIXx 0Bpa3oBaHWi, oTpacnen, cep aAesTenb-
HocTW. [lpeBocxoauT nyywme MupoBble 0Bpasupl
WH(OPMALIMOHHO-aHAIUTUYECKUX CUCTEM YnpaBrie-
HUS, T.K. MOCTPOEHbI HA WHbIX NPUHLMNAX (MPUHLMN
MOCTPOEHUS KUCKYCCTBEHHOMO UHTENNEKTAN).

620014, r. EkaTepuH6ypr, yn. MockoBckas, 29
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Within the framework of drafting and realization of
the Strategy, Strategic Plan, Program for Sustainable
Development of territories, economic sectors and
activity fields of enterprises, the following expert
situational management systems (ESMS) have been
created and developed to the level of an economic
instrument:

+ “Assistant to Expert” knowledge acquisition system
(building a conceptual model of the application
domain and situational space designs);

* “Small Problem Solver” (shaping rule-oriented
knowledgebase for and providing operational
support to the applied ESMS);

* “Leader” (developing situational trainer-simulators
for training managerial decision-makers and for
providing information support).

[epeBo Leneit obbekTa.
4 Tree of objectives.

In contrast with the traditional approach and
mathematical method-based systems, the proposed
systems are designed as situational management
systems based on the logical-linguistic models for
ensuring sustainable development on the scales of the
Russian Federation, region, municipality, economic
sector, or activity field. Built on different principles,
namely, on the artificial intelligence advancement,
the proposed systems surpass the best patterns of
information-analytical management systems in the
world.

Oupektop akagemuk TatapkuH AnekcaHap iBaHoBuY
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ABTOMATUN3NPOBAHHbBIE CUCTEMbI USBMEPEHNA
obbema Kpyribix necomarTepunanos

AUTOMATED TIMBER VOLUME MEASUREMENT
SYSTEMS

PaspaboTaHa cepusi M3MEpUTENbHbIX KOMMIEKCOB, YYUTbIBAIOLLMX
MpaKTU4eCKM BCe BO3MOXHbIE BapuaHTbl y4eTa feca Ha neco3aroToBu-
TenbHbIX 1 Ha NeconepepabaTbiBatoLyx npeanpusiTusx. Hanbonee nep-
CMEKTUBHBIMU SIBNSOTCS YHUBEPCAMNbHbIE TEPMUHAMbl AMs MOLUTYYHO-
rpynnoBoro y4eta neca W nopTaTuBHbIE NEPEHOCHbIE TEPMUHAMBI TOrO
e HasHaueHus1. MpeanaraeTcs KOMMMIEKCHOE peLLeHe CKBO3HOrO yyeTa
[PEBECHOrO Chbipbsi OT MOCTABLUMKA 40 NPOM3BOACTBEHHOIO LieXa, BKIHO-
Yasi KOHTPOMb 3a NEePEeBO3KOIA Nleca U y4eT Nieca M necomaTepuarnos Ha
cKknage.

MporpammHo-annapaTHbIi KOMANEKC

aBTOMaTU3NPOBAHHOIO N3MEPEHUA 06bemoB
KpyrnblX necomaTtepunanos Ansg TaMOXeHHbIX
uenen. . : ; )
Hardware-software system for automated been designed, which are suitable for nearly all possible ways of log

measurements of timber volume operaling at measyrements at timber and log trade enterprises. The most promising

A series of automated timber volume measurement systems has

customs terminals. ; X ;
are the universal terminals for by-piece and bundle measurements of

logs, and portable mobile systems of the same purpose. A complex solution is offered for the end-to-end
measurements of timber materials, starting from suppliers and ending with the production floor, through the
timber transportation control and record keeping at storage facilities.

OTNNYNTENBHBIE OCOBEHHOCTH

Nnoepamn no paspaboTke M BHEOPEHMIO NeCO3aroTOBUTENbHbIX U NeconepepaboTbiBatOLLMX TEXHOMOMMIA
TPaAUUMOHHO SBNSKOTCA CKAHAWHABCKME CTPaHbl, B OCHOBHOM LUBEACKME U (pUHCKME rpMbl. Hanbonee 6nns-
KMMM aHanoramm n3mepuTenbHbIX KOMNMIEKCOB MOXHO CuMTaTh ycTaHoBKM upMbl «SKS Vision Systems Oy».

KOHKYpEHTHbIMW NpenMyLLecTBaMW HaLLMX CUCTEM SBMISKOTCS: COOTBETCTBUE POCCUICKAM HOPMATUBHBIM [0-
KyMeHTaM (BHECEHbI B FOCPEECTP CPEACTB N3MEPEHUIA), CTOUMOCTL (B 4-5 pa3 Hike aHanoroB) 1 BO3MOXHOCTb
onpeaensTb NOPOAHbIN COCTaB M KaYeCTBO NecoMaTepmaros.

DISTINCTIVE FEATURES

Scandinavian countries, mainly represented by companies from Sweden
and Finland, are traditionally regarded as leaders in the development and
implementation of timber and log handling and processing technologies.
Equipment developed by SKS Vision Systems Oy can be taken as the
closest analogs of the proposed systems.

The developed systems offer the following competitive advantages:
they are in compliance with the Russian national normative documents
(recorded in the State Register of Measuring Instruments); their costis by Vaueputenshsiii kovnnexe, ycraHosnerHbiit
a factor of four to five lower than that of analogous products; the systems @ larapurckom daperow komburare.

. . . . Measurement system installed at the Gagarin
allow the breed and quality of timber materials to be determined. Integr:ted Workys. | -
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]é MAIHUTHbIN OEEKTOCKOM YMA-104M
P g UMD-104M MAGNETIC-FIELD FLAW DETECTOR
M

B WHctutyte dumsnkn metannos YpO PAH paspabotaHa
KOMMbOTEPU3NPOBAHHAA CUCTEMA A1 MarHUTHOW Aedhek-
Tockonun YM[-104M, nossonsitowlast BbISIBAATL U UOEHTU-
(huuMpoBaTL 3aBOACKME W SKCMyaTaUMOHHbIE AedeKTbl Ha
HACOCHO-KOMMPECCOPHbIX M 06cadHbIX Tpybax AnameTpom ot
48 0o 168 mm ¢ TonwwmHon cteHkn 4o 10 mm. Ocob6eHHOCTLI
YMI-104M sBnsieTca nHeBMaTuyeckas cuctema, obecneyu-
BaloLLas BO3MOXHOCTb KOHTPONS TPY6 C HAaBUHYEHHBIMU Myd-

Tamu.
| [ g— = : -'::-::_ The Institute of Metal Physics has developed a UMD-104M
it m..‘;h:ﬁ‘h computerized system for magnetic nondestructive testing. This

system allows detecting and identifying factory and service
defects in tubing strings and casing pipes of 48 to 168 mm in
diameter with walls up to 10 mm thick. The UMD-104M system
is featured with a pneumatic system, which allows testing the
tubes with screwed-on couplings.

Mpeumywectso YMI-104M nepeq yctaHoBkamm coupMbl « Tuboscope Vetcor (T-V) obycnoeneHo npume-
HeHneM Bonee YyBCTBUTEMbHLIX MaTPUYHbIX NpeobpasoBaTeneit, NO3BOMNSIOWMX YBENUYNTL 3a30p MEXDY
AaTyMKamm 1 NoBepXHOCTbI TPy6bl OT (0,5-1) MM 10 5 MM Npu HaEXHOM BbISIBNEHWM BCEX HEOOMYCTUMbIX
AeeKTOB HEe3aBMCUMO OT WX OPUEHTALMM U PACMONOXEHUS MO TOMLIMHE CTeHKW Tpybbl. [edekTockonbl
ycnewHo npumeredsl B HIAY «AmawHedTo», HK «TatHedTby, TiomeHckon HedtaHoM komnavuu, OAO
«CuHapckuin TpyGHbIn 3aBoa», CIT « TalKeHTCKMI TpYOHbIN 3aBOAY.

The UMD-104M magnetic-field flaw detector surpasses installations produced by Tuboscope Vetco Co. (T-V)
in that it is equipped with more sensitive matrix sensors, which increases the gap between the sensors and the
surface of a pipe from (0.5--1) mm to 5 mm, at the same time, providing a reliable detection of all impermissible
defects, regardless of their orientation and location in the pipe wall. The flaw detectors have been successfully
used at NGDU Yamashneft, NK Tatneft, Tumen Oil Company, OAQ Sinarsky Trubnyi Zavod (Pipe Plant), and
SP Tashkent Trubnyi Zavod (Pipe Plant).
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MATHUTHbIA JEMEKTOCKONN
3NEeKTPOCBapHbIX TPY6

MAGNETIC FLAW DETECTOR
for Electric-Welded Pipes

B WHctutyTe (omamkn metannos YpO PAH pas-
paboTaHa KOMMbOTEPU3MPOBAHHAS YCTaHOBKA AN
aBTOMATU3MPOBAHHOIO HepaspyLUAoLLEro KOHTPONs
MarHWTHbIM METOZOM MPSIMOLLOBHbIX 3reKTPOCBap-
HbIX TPY6 AnameTpom 40 530 MM B TEXHONOTUYECKOM
nOTOKE WX MpoW3BOACTBa. cnonb3oBaHue opuru-
HanbHOTO  OHOKPUCTANbHOTO  TOHKOMMEHOYHOro
MaTpU4HOro npeobpasoBaTensi, M3roTOBMEHHOMO C
NPUMEHEHNEM COBPEMEHHBIX HaHOTEXHOMOrMMI, A0-
nyckaet yBenuyeHne paboyero 3asopa 4o 5 Mm. 310
CYLLECTBEHHO MOBbLILLIAET HALEXHOCTb BbISBMEHUS
NPOAOIbHbIX, MONEPEYHBIX U KOCO PacOMNOXKEHHbIX
AedekToB, a Takke AedekToB, 0BYCMOBMEHHbIX Ha-
PYLUEHNEM PEXWUMOB CBaPKU.
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YcTaHoBka obecrneymBaeT KOHTPOSb MO BCEMY ne-
PUMETPY W TOMLUMHE CTEHKM TPYObl M NPEBOCXOAMT
aHanorn ROTOMAT cupmbl  «MHCTUTYT g-pa ®ép-
cTepa» N0 HadEeXHOCTK NepBUYHbIX Npeobpasosarte-
Nen 1 BO3MOXHOCTY BbISIBNEHUS! AEDEKTOB TUMa Chn-
NaHW N CMELLEHWUI KPOMOK LIBA. YCTAHOBKA MOXET
NPUMEHSATLCA B MeTannypriyeckoin u TpybHon npo-
MBILLMIEHHOCTM, B CTPOMTENLCTBE W MALUMHOCTPOE-
HWW, Ha NPEANPUATUSAX HedTErasoBOr0 KOMMIEKCa
XKKX. B HacTosiee Bpems 6onee 30 aBToMaTM3npo-
BaHHbIX ycTaHoBOK Tuna YM[-101, pa3paboTaHHbIX B
oM YpO PAH, paboTaloT B NPpOMBILLIIEHHOCTM.

The Institute of Metal Physics has developed a
computer-aided system that provides automated
nondestructive magnetic testing of straight-line-seam
electric-welded pipes of up to 530 mm in diameter
during production workflow. A unique single-crystal
thin-film matrix sensor, which is made using up-to-
date nanotechnologies, allows the working gap to
be increased up to 5 mm. This feature contributes
considerably to the reliable detection of longitudinal,
transverse or oblique flaws as well as flaws caused by
the breach of welding conditions.

The installation provides testing around the
periphery of pipes and throughout their wall thickness.
It surpasses the ROTOMAT analogs (Dr. Forster
Institute) in the reliability of primary transducers
and in detection of defects such as sticking and
displacements of weld edges. The installation can
be used in metallurgy, pipe making, construction,
machine building, oil and gas facilities, and housing
and communal services. At present, over 30
automatic installations of UMD-101 type, which have
been designed at the Institute of metal Physics, are
operated in industry.

620990, r. EkatepuH6bypr, yn. C. KoBanesckou, 18
OppeHa Tpyposoro KpacHoro 3namenun UHcTutyT chusmkm metannos YpO PAH
NupekTop akagemuk YcTuHoB Bnagumup Bacunbesuy

Ten.: (343) 374-02-30, dpakc: 374-52-44

E-mail: physics@imp.uran.ru, web-caiT: www.imp.uran.ru



CNCTEMA MATHNTHOIO KOHTPOJIA

]é hn3nKo—mMexaHNYEeCKUX CBOMCTB CTalbHbIX N3aenumn

P 24 SYSTEM FOR MAGNETIC TESTING

/)] . . :

M of physical-mechanical properties of steel products
B WHctutyte mavkm metannoB YpO PAH paspabotaHa manorabaputHas mobunbHas aBTOHOMHas
nporpammHo-annapatHas cuctema « MCA» HepaspyLLatoLLero MarHUTHOTO KOHTPOMS (PU3NKO-MEXaHUYECKNX
XapaKTepuUCTUK cTanbHbIX u3genuit. Cuctema obbeanHSEeT HOBbIE U3MEPUTENbHbIE CPEACTBA U OpPUTMHANb-

HOE MporpaMmMmHoe obecneyeHne ynpasJieHnd OCHOBHbIMU Yy3rnamMu CUCTEMbI, pEeXUMaMnU HaMarHn4MBaHu4,
npon3BoOACTBOM M3MepeHMl7| M pacyeToB.

The Institute of Metal Physics has developed a portable self-contained firmware system of the MSA
type for nondestructive magnetic testing of the physical-mechanical characteristics of steel products. The
system integrates new measuring means and an unique software, which controls basic units of the system,
magnetization regimes, and the procedure of measurements and calculations.

il )

CvcTema No3BONSIET B aBTOMATUYECKOM U PyYHOM PeXuMax NpOBOANTL W3MEPEHUE MarHUTHBLIX CBOWMCTB,
BU3yanu3aLyio 1 npeaBapuTenbHyo 06paboTky AaHHbIX, 3aNOMUHAHME, HAKOMNEHUE 1 aHanu3 peayNbTaToB.
PeluatoTcs 3aa4u KOHTPOIS HANPSKEHHO AEHOPMMPOBAHHOMO COCTOSIHUSI CTaMNbHbIX KOHCTPYKLMI; PEXMMOB
Tepmuyecko 06paboTki; NapaMeTpoB TEPMOYNPOYHEHHBIX CIIOEB CTaNbHbIX U3AENUi U UX MEXaHUYECKNX
XapaKTepUCTUK.

The system measures the magnetic properties, visualizes and pre-processes the data, stores, accumulates
and analyzes the results in automatic or manual regimes. The system estimates the stressed-strained state of
steel structures, regimes of thermal treatment, parameters of thermally hardened layers in steel products, and
their mechanical characteristics.
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BMXPETOKOBbII JEDEKTOCKOMN Onc-7
DPS-7 EDDY-CURRENT FLAW DETECTOR

B WnctutyTe cpuankm metannos YpO PAH paspabotaHa He MMetoLLas aHarnoroB BUXPETOKOBas METOAMKA
W annapaTypa HepaspyLLaLEero KOHTPONS CMOWHOCTM NasHHbLIX NPUNOSIMUA Ha cepebpsiHOi U CBUHLIOBO-
OIOBSHWUCTON OCHOBE TOKOBEZYLUMX COedMHEHU OOMOTOK CTaTOpOB 3MEKTPUYECKMX MaluMH. AnnapaTtypa
NO3BOJISIET C BbICOKOW JOCTOBEPHOCTHI0 MPOU3BOANTL KOHTPOMb CTATOPOB SNEKTPUYECKUX MALLMH NP UX 13-
rOTOBMEHUN, PEMOHTE, NNAaHOBbIX 06CNe0BaAHMSAX 1 aBAPUNHBIX CUTYaLMUSIX.

The Institute of Metal Physics has developed a unique eddy-current method and equipment for nondestructive
testing of the continuity of silver and silver-tin soldered joints in stator windings of electrical machines. The
equipment provides highly reliable testing of the stators of electrical machines during their manufacture, repair,
scheduled inspection, and emergencies.

Mpegnaraemas MeTOAMKa KOHTPONS BHEAPEHA Ha psae NpeanpusTuiz U NO3BONSIET CYLLECTBEHHO MOBbI-
CUTb HAZeXHOCTb M AONTOBEYHOCTb 3NEKTPUYECKUX MALLMH, MPOU3BOAUMBIX HA SHEPTOMALLMHOCTPOUTESNBHBIX
npeanpuaTuax u akcnnyatupyemblx Ha MN3C Poccun. Annapatypa v MeToauka XxapakTepusyrTCs BbICOKOW
HaEeXHOCTbIO W JOCTOBEPHOCTLIO KOHTPOSS, OTCYTCTBMEM MaTEPUanoB 1 NOMen, BpeaHbIX Ans YesoBeka u
OKpYXatoLLen cpespl.

The proposed testing method has been introduced at some enterprises. It considerably improves the
reliability and the durability of the electrical machines produced at power engineering plants and operated at
hydroelectric power stations in Russia. The equipment and the method are characterized by highly reliable and
accurate testing. They are free of materials and fields harmful to people and the environment.
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CMNocob 3AJIEKTPOMATITHATHOIO KOHTPOIA
KayecTBa TEpPMUYECKO 06paboTky heppoMarHMTHbIX

{;—1"\} n3genun un yCTPOVICTBO 4J14 ero ocywecrtBlieHusd

ELECTROMAGNETIC QUALITY CONTROL METHOD
for Testing of Thermally Treated Ferromagnetic
Products and Device for Performing the Testing

Pa3paboTka OTHOCUTCS K HepaspyLUaloLLeMy KOHTPOSO Ka4yecTBa U3LEeNniA, B YaCTHOCTU CTEPXHEN, U3 dhep-
POMArHUTHbIX CTanei 3neKTPOMarHUTHLIM METOAOM U MOXET BbITb UCMONb30BaHa ANst KOHTPONS KayecTBa
TEpMUYECKon 06paboTku n3gennit Yepes onpeaeneHme TBEPAOCTY NOCNELHUX.

The development is related to the electromagnetic nondestructive testing of product quality and is particularly
applicable for the quality control of heat treated ferromagnetic steel rods via rod hardness testing.

KoHcTpykumst ycTpoicTBa obecneunBaeT nepemarHininBaHne KOHTPONMpYEMbIX U3AENNA N0 NpeaenbHbIM
MMCTEPE3NCHBIM LiKIiaM, N03BONISIET BbIGOPOYHO OMPEAENSiTb Y4aCTKM HAMarHU4MBaHus U KOHTPOMS BeNUYM-
Hbl TBEPLOCTY MO ANMHE U3LENUs, CO3aaBast MAEHTUYHbIE YCMOBUS HaMarHUYMBaHKs BCEX KOHTPONMPYEMbIX
Y4aCTKOB, YTO NOBbILLIAET AOCTOBEPHOCTb KOHTPOSS.

The design of the device provides magnetization reversal of tested products on major hysteresis cycles,
enables one to determine selectively the segments of magnetization and hardness control over the product
length thus creating identical magnetization conditions for all the segments under testing thereby enhancing
validity of the test.
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MOPTATUBHbIA ANMNAPATHO-MPOrPAMMHbIA KOMIMJIEKC
KUHETU4YEeCKOro NHAEHTMPOoBaHS

PORTABLE HARDWARE—-SOFTWARE COMPLEX 3:;: }}
of Kinetic Indentation

MobunbHble, NopTaTMBHbIE annapaTHO-NPOrpaMMHbIe KOMNNEKChI ANA onpeaeneHns B Bbl€3AHbIX YCITOBUAX
NPOYHOCTHbIX CBOWCTB 9NIEMEHTOB KOHCprKLI,VIVI METO40M KNWHETUYECKOro MHAEHTUPOBAHNA.

Mobile and portable hardware-software complexes designed for the in-situ determination of the strength
properties of structural members by nondestructive methods of kinetic indentation.

OpuruHanbHas KocTpykums npubopa. MakcumanbHoe ycunue BhasnvBaHus uHaeHtopa 250 H. Boamox-
HOCTb OnpeJeneHuns HepaspyLUatoLwmum MeTOLOM KUHETUYECKON TBEPAOCTU NPOYHOCTHBLIX CBOWCTB MaTepuana
9NEMEHTOB KOHCTPYKUMIA (TBEPAOCTL, NPeAen TEKYYeCTH, Anarpamma «HanpsbkeHue - gecopmaumsy).

The complex has an original design. The maximum indenting force is 250 N. In-situ determination of the
strength properties of structural members is carried out by nondestructive methods of kinetic indentation
(hardness, yield stress, stress-strain diagrams).

ATK KuHeTYecKoro MHAEHTUPOBaHUs yeunuem Ao 250 H. 1 -
3NEKTPOHHO-BbIMNCIIUTENBHBIN 6M0K; 2 — 30HA-Npeobpa3soBaTens,
OCHaLLEHHbIN NMHeBMO3axBaTamu.

Hardware-software complex for kinetic indentation with the indenting force
of up to 250 N. 1-computing unit; 2 — probe with pneumatic grips
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«ANOA» —
aBTOHOMHasA cuMcTeMa U3MepeHns auHaMmuyeckux gecopmayuii

AIDA
Stand-Alone System for Dynamic Deformation Measurements

[ns obecneyeHnss AMHAMMYECKNX yAapHbIX UCTbITaHui 06BEKTOB
TEXHUKA U PELLEHUS METPONOMMYECKMX 3aday co3aaH aBTOHOMHbIN
yAapoycTonumeblid Undpposoit peructpatop «AVLA» ans usmepe-
HWS yNpyruX W NNacTUYECKMX AMHAMUYECKuX AedopMauni B ana-
nasoHe ot 100 go 50000 pm/m, paboTarowmin B YCNOBUAX XECTKNX
ANEKTPOMArHUTHbIX, MEXaHUYECKMX W KNMMATUYECKIX BO3LENCTBUI
Ha perucTpartop.

For the purposes of dynamic shock testing of engineering structures
and for solving of metrology problems, a stand-alone shock-resistant
digital registrar AIDA has been designed for measuring elastic and
plastic dynamic deformations in the range of 100 to 50 000 pym/m.
The designed system can operate under the effect of severe
electromagnetic, mechanical and climatic conditions.

Peructpatop «AUA» BblgepxuBaeT mexaHuyeckue neperpysku o 1000g npu cymmapHom neperpyske fo
3000gxms B mpokoM ananasoHe Temnepatyp (-40...+40°C). Peructpatop akcnnyaTupyetcs 1 nokasarn, B
OTNINYME OT aHaNOMMYHbIX MO HAa3HAYeHUI0 pa3paboToK, BbICOKYH YCTOMYMBOCTb K MEXaHUYECKUM, Temne-
PaTypHbIM W 3MEKTPOMarH1THbIM Bo3gencTauam. Mpnbop no3sonmn oTkasatbCs OT CTaLUMOHAPHbLIX CUCTEM
n3MepeHns 1 obecneymn noBblLLEHNE JOCTOBEPHOCTM pe3ynbTaToB. B CpaBHEHMM C CyLLECTBYIOLMMI KOH-
TaKTHbIMU CUCTEMaMW MMeET Boree BbICOKME SKCMNyaTaLMOHHbIEe, TEXHUYECKMEe U METPOIIOTMYECKIe xapak-
TEPUCTUKN U HAEXHOCTb perncTpaLmm.

AIDA registrar withstands mechanical overloads up to 1, 000 g at 3,000 gxms of the total overload in a wide
range of temperatures (—40...+40°C). The proposed registrar has been put in operation and, contrary to the
currently available devices of this type, has shown high resistance to mechanical, thermal and electromagnetic
exposures. The device has eliminated the necessity of using stationary measurement systems and has
improved reliability of results. In comparison with the existing contact systems, the proposed development has
higher technical characteristics and metrological performances and shows improved reliability of registration.
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3KCMNEPVUMEHTAJIbHbII KOMMJEKC gnsa nccnegosaHus
MeXaHU4ecKoro noBegeHns MarHUTOPeosIorMYeckux 3slacToMepoB

EXPERIMENTAL COMPLEX for Studying Mechanical Behavior
of Magnetorheological Elastomers

l

OKCMepuMeHTarbHbIA KOMMIeke co3faH Ha 6ase ucnbitatensHon MawmHbl FS-100CT (Benukobputanus)
1 BKIoYaeT B cebs COOCTBEHHO UCTbITATENbHYI0 MaLLKHY, BIIOK NUTAHWS 3NEKTPOMarH1Ta C BbINPAMUTESNEM,
reKTPOMarHuT C 3a30pOM Ans pasMeLLieHns UCTbITyeMoro obpastia, CUnouaMepuTenb 1 CUCTEMY PerncTpaLm.
Komnnekc no3sonseT uccnegoBatb MarHUTOPEONOrMyeckue Matepuanbl Npu pasnuyHbIX BULAX HarpyXeHus B
MarHUTHOM norne uHaykuuen go 1,2 Tn v gaet BO3MOXHOCTb aBTOMATU3MpOBaThb MPOLIECC MOMyYeHus aKcre-
PUMEHTANbHbIX AAaHHBIX NPU UCTILITAHUSX HAa PACTSHKEHWE C NOCTOSHHOM CKOPOCTbLIO AehOpMMPOBaHHS, NO3y-
YeCTb 1 penakcaLmio HaNPSHKEHNA C HAMOXEHNEM U CHATUEM MArHUTHOTO MONS C LIENbIO OLEHKI ero ynpasnsio-
LLMX BO3AENCTBUN Ha HaNPSKEHHO-0ehopMUpyeMoe COCTOSIHUE MarHUTOPEONOrMYecKoro aiactoMepa.

An experimental complex has been developed using a FS-100CT testing
machine (UK) as a basis. It includes the testing machine, a power supply
unit with a rectifier for an electromagnet, the electromagnet with a gap for the
sample to be tested, a force measuring device, and a data-recording system.
The complex can be used to study magnetorheological materials under different
loading conditions in the magnetic field up to 1.2 T and allows automatization of
the experimental data recording process. The experimental data are obtained
OKCTIPUMEHTANbHbII KOMINEKC 4715 during tensile tests at a constant deformation rate and during creep and stress
:I;:;:Iv?:V([,MBmanrHﬂMMTS:gggm?ﬁ))OBe J'I(SIJ(-ITOKOMaI'HMT relaxation tests in the magnetic field applied and removed, which makes it
(2) ¢ 3a3opom ;m pAIMeLIEHNS Mcnb‘,’TyeMOFO possible to evaluate and control the effects that the magnetic field causes on the

obpaauia (3), cunonameputens (4) n cuctema  Stress-strained state of magnetorheological polymers.
perucTpauum (5).

Experimental complex for testing magnetic [MapameTpbl M3MEPEHNS CUrTbl 1 NEPEMELLIEHNI cnefyoLine. Cunounsme-
polymers: (1) @ power supply unit with pUTENb XapaKTepu3yeTcs ANCKPETHOCTLIO naMepeHmit B 0,01 H ¢ norpetw-
a rectifier; (2) an electromagnet with a 01H. U v

gap for (3) a sample to be tested: (4) a HOCTbI0 Mameperns yeunust 0,1 H. Vaveperie fecpopmaLinit Beaetest no
force measuring device; and (5) a data nepeMeLLiEHNo 3axBaToB ¢ abCOMOTHON MOMPELUHOCTLI0 NO3WLMOHWPOBa-
recording system. Hus 0,01 mm. Cuctema perncTpaummn BKIKOYaeT B Cebs KOMMbIOTEP € Mpo-

rpammHbIM 0BecneyeHreM, no3BONSIOLMM 3adaBaTb HeOBXoauMyH Mpo-
rpammy WCMbITaHUA C NPeACTaBneHneM pes3ynbTaToB B BUAe Auarpamm
AecopmupoBaHus B Tpebyemblx koopauHatax. KOHCTpYKUMsS MarHuTa no-
3BonsieT aedhopmmpoBath 06pasubl ¢ 6ason 20 mm Ha 200% B oaHOpod-
Kpuble «Harpyaka — pasrpyaka» Matepuana  HOM Nofie MHAyKumen go 1,2 Tn. KoMnnekc MOXeT HailT npuUMeHeHe B
BK-OM (40%Fe, 60% TM): 1-Ges markuTHoro  yayypo-puccnieoBaTenbeKon NpakTuke npu paspaboTke pasniuHbx peLen-
nons; 2- none 0,3 Tn; 3- none 0,75 Tn; 4 —

none 1.2 Tn. TYP MarHUTOPEONOrM4eCcKMx AriacToMepoB U OLEHKE UX AedopMaLOHHO-
Load — unload curves of the BK-FM material ~ CMMOBbIX PEAKLMI Ha NPUIOXEHHOE MarHUTHOE norie. YpoBeHb pa3paboTku
<30%'tFr$i ﬁO%TM):tU)fW:LhO% n;aTgngtic fﬁktjh orpeenseTcs HOBOW TEXHNYECKON BOSMOXHOCTLHO 00ECTIeHeHIs CIIOKHbIX
§n ;;Vr:eﬁc ﬁeﬁ'&agf“g;%'f ( 43’Wit-h tHe( %;Nénetice PEXVMOB Harpy)XeHust C aBTOMaTU3/POBAHHOM 3aMNCHIO PE3yrbTaToB MC-
fieldof 1.2T. MbITAHUA C BbICOKOW TOYHOCTBIO U3MEPEHUIA.

Force and displacement measurement parameters are as follows. The force measuring device is characterized by a
sampling interval of 0.01 N, with a measurement error of 0.1 N. Deformation measurements are taken for moving grips,
with an absolute positioning error of 0.01 mm. The registration system contains a computer with the software that provides
a required testing program and makes it possible to present data in the form of deformation diagrams in the required
coordinates. The magnet structure allows 20-mm-based samples to be deformed by 200% in the homogeneous magnetic
field, with an induction of up to 1.2 T. The experimental complex can find application in the research practices to develop
various formulations of magnetorheological elastomers and to evaluate their strain-strength responses to the applied
magnetic field. The level of the complex development is determined by new technical feasibilities for complex loading modes
and automated recording of test results with high-precision measurements.
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MI'[1-Hacoc gnga >Xnakoro marHusa

MHD Pump for Liquid Magnesium

Ha ocHoBe onbiTa pabotbl Ha Conukamckom
MarHWeBOM 3aBofde pa3paboTaHHbIl  paHee
MI[-Hacoc Myw-nyn 6bin gopabotaH u ycosep-
LUEHCTBOBAH. JTOT HACOC NpegHasHayeH Ans
nepekaumBaHns XMOKOTO MarHus M siBnsieTcs
6e306MOTOYHBIM HACOCOM HapyXHOro pacnono-

Puc. 1. Hacoc Myw-nyn (cnesa) : nnockui kaHan (2) ¢ BXOAHbIM XKEeHu4.

naTpybKom, OXBadeHHblit M1-06pasHbIM heppoMarHUTHLIM CepLeYHUKOM

(6), nnockwin kaHan (3) ¢ BbIXOAHBIM NaTpybKoMm (5), OXBaYEHHbIN ABYMS ] ) )

M-06pasHbIMm CepaedHIKaMn g)- Tpatcdopmarop (8) uHayLMpyeT Relying on the experience gained at the
ANEKTPUYECKNIA TOK B kaHane. HanopHo-pacxoaHas xapaktepucTtuka . . .
(cnpasa). [MpoLiecc po3nmnBa XMAKOrO MarHus Ha NMTENHOM KOHBEepe npu Solikamsk magnesium WOI’kS, the earlier

nomotuy Mr/I-Hacoca (BHu3y). developed push-pull MHD pump has been
Fig.1. Push-pull pump (on the left): a flat channel (2) with an inlet pipe in ; ; il

a [N-shaped ferromagnetic core (6); a flat channel (3) with an outlet pipe uPdated and Improve_d' Th'IS wmdlngless MHD
(5), embratfr;]ed tﬁy twoll'l-shaped cores (7). Transformer induces an electric ~ pump of external location is intended for pumping
current in the channel. P :

The pressure drop-flow rate characteristic (on the right). of “qU|d magnesium.

The process of pouring liquid metal into the moulds on a casting conveyor
using the MHD pump (below).

B Hacoce obmoTka TpaHcgopmartopa BbInon-
HEeHa M3 XaponpOYHOro NPOBOAA, UMEeTCs AOMOMHMTENbHbINA SKPaH, 3aluLLatoLymii 0BMOTKY OT TENoBOro
BO3/ENCTBUS KaHana, B KOHCTPYKLMIO BBEAEH CneunanbHblil Tennou3onauMoHHbI MeTannyeckuin kopob,
OXBaTbIBAKLLMA KaHAN Hacoca 1 JOMOMHUTENBHO 3alUMLLALLMA CepaeYHUK TpaHcdopmaTopa 1 ero 0bmoT-
Ky OT TEMNOBOrO BO3AEMCTBUSA ropsvero kaHana Hacoca. Kopob Tak e cnyxuT pukcauum kaHana, a pama
MMEeET Tennou3onMpoBaHHOE AHWLLE, 3almiatoLiee 06MoTKy TpaHcopmaTopa OT BO3MOXHOIO TEM0BOMO
BO3JENCTBUS NeYu C XUOKUM MEeTanoM Ha 06MOTKy TpaHcopmaTtopa. Pama nMeeT fBe CTOMKW, Kpensiyme
kKaHan Hacoca. bnarogaps ToMy, YTO CTOVKM 3NEKTPOM30NMPOBaHbI, BO3MOXHO Pa3orpeBaThb kaHan Hacoca
MeTannonpoBoaHble TPYObI nepea Hauyanom paboTbl, NPonyckasi N0 HAM SNEKTPUYECKNIA TOK.

In the pump, transformer coils are made of a high-temperature wire. The coils are protected with a heat
screen against the thermal radiation from the channel. The pump design involves the use of a special heat-
insulating metal jacket that overlaps the pump channel and provides
the transformer core and coils with additional protection against high
temperatures. The jacket s also used to fix the channel, and the frame
has a thermally insulated bottom, which protects the transformer coil
against the possible thermal radiation from the furnace with liquid
metal. The frame has two pillars that fasten the channel. The pillars
are thermally insulated and, therefore, the pump channel and metal
pipelines can be heated by electric current before operation.
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YCTPOWNCTBO OEHAPY)XEHUA NIETYYX NMPUMECEN
B Macnax TennoaHepreTn4eckoro obopyaosaHna

A DEVICE FOR DETECTION OF VOLATILE IMPURITIES IN OILS
of Heat-and-Power Engineering Equipment

Co3gaHo aBTOMAaTMYECKoe YCTPOMCTBO ObicTporo 06-
(m L HapYXXeHUst NeTy4nx npuUMecen, BKIKOYas UX CredoBble
KOnMW4yecTBa, B Macnax TennoaHepreTmyeckoro obopy-
[0BaHusA. Pabounin MHTEpBan cogepxaHus npumecu, B
nepecyeTe Ha Boay (Hanbonee pacnpoCTpPaHEHHYO npu-
Mecb), coctasnset oT 10 go 300 rpammoB Brnarv Ha TOHHY
Macna. YCTPOWCTBO NMO3BONSET BECTU HEMPEPbIBHbIN KOH-
TPONb YMCTOTbI Macen B AENCTBYHOLLEM 060pYyA0BaHN
obHapyxmBaTb NPU3HaKKM OMacHbIX M3MEHEHUI B COCTaBE
Macen B mpouecce WX akcnnyatauuu. YCTPOMCTBO Bbl-
MOMHEHO B aBTOHOMHOM BapuaHTe C BO3MOXHOCTbIO Ha-
KOMmeHns MHopMaLmuy 3a AnNUTENbHbIN NEPUOS 1 MOXET
NCMONb30BaTHCA B COCTAaBE aBTOMATU3UPOBAHHbIX CUCTEM
KOHTPONS 1 yNpaBneHWs TEXHOMOrMYeCKUMI npoLeccamiu.

An automatic device has been created for rapid detection of volatile impurities, including their trace quantities,
in the oils of heat-and-power engineering equipment. The operating range in detecting the impurity content in
terms of water (the most widespread impurity) ranges from 10 to 300 g of moisture per ton of oil. The device
allows a continuous control of oil purity to be performed in the operating equipment, and signs of dangerous
changes to be detected in the oil compositions in the operational process. The device has been made as a
stand-alone version with a possibility to accumulate information over a long period and can be incorporated into
the automated systems of technology process control.

MpuHLUMN paboTbl aBTOMATUYECKOTO YCTPOMCTBA OCHOBAH Ha METOE YNPaBNISieMOro MMMYMbCHOMO Harpesa
MPOBOJIOYHOrO 30HAA, KOTOPbIN B CBOKO 04epeb No3BOMSieT 00HapYXMBaTb NETy4MEe NPUMECH B LUMPOKOM Aua-
Na3oHe BELLECTB, BHE 3aBUCUMOCTM OT UX Npupogbl. OCHOBHbIE OTNMYMS CYLLECTBYIOLLETO YCTPOACTBA — aBTO-
HOMHOCTb, KOMMaKTHOCTb, BbICOKasi YyBCTBUTENBHOCTb K ManbiM KOMMYECTBAM ONAcHbIX MpUMecei, npocToTa
B MCMONIb30BaHWM U 0OCRYXMBAHWUM, HIN3KAs CTOUMOCTb.

The principle of operation of the automatic device is based on the method of controllable pulse heating of
a wire probe, which makes it possible to detect volatile impurities in a wide range of substances, irrespective
of their nature. The main distinctive features of the proposed device are self-sufficiency, compactness, high
sensitivity to dangerous substances in small quantities, usability, maintainability, and low cost.
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NA3EPHbI METO[, 9KCIMPECC-KOHTPONA
Ka4yecTBa NoKpPbLITUA 1 HEOAHOPOAHbIX MaTepunanos

EXPRESS METHOD FOR LASER-BASED QUALITY CONTROL
of Coatings and Heterogeneous Materials

PaspaboTtaHa HOBasi METOAMKA U3MEPEHNS TENNO(U3NYECKUX
CBOWCTB TBEPAbIX TeN, 0OCHOBaHHAs Ha NPMHLMNax nasepHon aua-
rHOCTMKM. MogynnpoBaHHOE nasepHoe 13nyyeHne Bo3byxaaeT B
obpasue TemnepaTypHyt BOMHY, aMnanTyAa 1 dhasa KOTOPOW He-
CYT UHOPMaLMI0 O TENNOMU3NYECKNX CBOMCTBAX 0BryyaemMon
obnacti, a TaKkke O Ka4yecTBe TEMnOBOro KOHTAKTa MOKPbITUS.
BbinonHeHue aatymka B Buge manorabapuTHON ONTOBOSIOKOHHOM
cbopkM MO3BONSET NPOBOAUTL MPOWU3BOACTBEHHBIE M3MEPEHUS
B pexume akcnpecc-koHTpons. Mpubop nossonsieT onpenensrb
HEO4HOPOAHOCTL TEMIOBOMO KOHTAaKTa MOKPBLITUA U HEOOHOPOZ-
HOCTb TEMNOMU3NYECKUX CBOMCTB MO NOLAAM C FIOKANbHOCTHIO
a0 0,1 mm.

A new procedure for measuring thermal properties of solids has been developed on the basis of the principles
of laser diagnostics. Modulated laser radiation excites a temperature wave in a sample, which amplitude and
phase carry information on the thermal properties of the irradiated region and on the quality of the thermal
contact of a coating. Making the probe in the form of a small-sized fiber optic assembly makes it possible to
perform manufacturing measurements in the express testing regime. The device allows the inhomogeneity of
thermal properties to be determined over an area with a locality up to 0.1 mm.

Co3pnaHHas akcnepuMeHTanbHas ycTaHoBKa NO3BONSAET OAHOBPEMEHHO CYMTLIBATL MHOPMALMIO O Napame-
Tpax TemnepaTypHbIX konebaHu ¢ Manomn nowaaKkv ¢ NPOCTPaHCTBEHHbIM paspeweHnem ~ 0,1 MMm. Amnnu-
TyAa v hasa TeMnepaTypHOI BOSHbI ONPEAENSIOTCS N0 U3MEHEHWIO MHTEHCUBHOCTM OTPAXEHHOTO U3NYyYeHUs
npo6Horo nasepa. ViamepeHne TeMnepaTyponpoBOAHOCTM B NIOKasbHbIX y4acTkax obpasya OCyLlecTBnseTcs
(ha304acTOTHbIM BapuaHTOM meToAa AHrctpema. [NpuMeHeHne MeToAa NO3BONUT NPOBOAWUTL HepaspyLUak-
LI 3KCMPECC-KOHTPOSb KAa4YecTBa NOKPLITUIA U TENNOMU3NYECKNX CBOACTB HOBbIX MaTEPKasoB B nabopatop-
HbIX 1 NPOW3BOACTBEHHbIX YCMOBUSIX.

The designed experimental setup allows a simultaneous readout of
information on the parameters of temperature oscillations to be provided
from a small area with a spatial resolution of 0.1 mm. The amplitude and the
phase of atemperature wave are determined by the variations in the intensity
of the laser reflected radiation. The thermal diffusivity in the local parts of
a sample is measured by the phase-frequency variation of the Angstrom
method. The method makes it possible to carry out express nondestructive
testing of coating quality and examination of thermal properties of new
materials under laboratory conditions and in the manufacturing environment.

620016, r. EkatepuHbypr, yn. AMyHaceHa, 106
WUHcTtutyT Tennocdusukm YpO PAH

Oupextop A.¢.-m.H.Banpgakos Bnagumup Feopruesny
Ten.: (343) 267-88-01, cpakc: 267-88-00

E-mail: itp@itp.uran.ru, web-caiT: www.itp.uran.ru




9KCMEPUMEHTAJbHbIN KOMIMJEKC
AN 0AHOBPEMEHHOro U3y4YeHus npoLeccoB
KncnopoaHoro obmMeHa v CTPYKTYpbl OKCUAHbIX MaTepuanos

AUTOMATED MEASURING COMPLEX
For Simultaneous Studies of Oxygen Exchange Processes
and Oxide Materials Structure

Co3paaH aKcnepuMeHTanbHbIA KOMMNEKC Ha 6a3e PEHTTEHOBCKOrO ANGpaKkTOMETPA, BbICOKOTEMMEPATYPHO
NPUCTaBK 1 aBTOMATUYECKOrO MUKPOMPOLIECCOPHOrO perynsatopa napuuanbHoro AaeneHus kucnopoga ans
OHOBPEMEHHOTO M3Y4YeHUs MPOLIECCOB KNCNOPOAHOrO 06MeHa W CTPYKTYPbl OKCUHBIX MaTepuasos.

B BbiCOKOTEMMEPaTYPHYHO kamepy AMpaKkTOMETPa YCTaHOBIEHA LIMPKYNALMOHHAS 3NEKTPOXMMUYECKas Ch-
CTeMa «HaCcoC-4aT4nK», KOTopasi NO3BOMSET NPOBOAUTL PEHTTEHOCTPYKTYPHbIE  UCCNEA0BAHWS B LUMPOKOM
ananasoHe Temnepartyp (300-1500 K) v B ycrnoBusix KOHTPOMPYEMOrO NapLyanbHOro JaBNEHUS KUCNOpoAa
(1-10% atm) in situ. cnonb3yemas B KOMMNEKCe CUCTEMA «KUCTOPOAHbIN HACOC-HaTyuK» NpeacTaBnseT co-
6ot anekTpoXMMIMYECKYIO A4ENKY Ha 0CHOBE Kicnopoanposoagilei kepamuki «0,9 ZrO,-0,1 Y,0,» ¢ aBToma-
TU4ECKOI CUCTEMON KOHTpONA 1 perynuposanna PO, nocpesacTsom koHTpona S[C.

An automated measuring complex has been created based on X-ray diffractometer with a high temperature
attachment and microprocessor regulator of partial oxygen pressure for simultaneous studies of oxygen
exchange processes and structural evolution of oxide materials.

The high-temperature chamber contains a circulating electrochemical pump-sensor system that makes it
possible to carry out in situ X-ray structure investigations in a wide temperature range (300-1500 K) and under
the conditions of controllable partial oxygen pressure in the range of 1-10-22 atm. The pump-sensor system
is assembled on the basis of oxygen-conducting solid electrolytes 0.9 ZrO,-0.1 Y,0, with an automatic test
system that regulates the partial oxygen pressure by controlling electromotive force.

OTNMMYNTENBHBIE OCOBEHHOCTU

YnpaBneHue KUCIOPOAHON SYEIKOiA (B T.4. HArpeBOM U OXNaXAEHUEM Neyn AaTymnka) OCyLLecTBASET Npo-
rpamMupyeMblin KOMMAEKC B aBTOMATUYECKOM UM PYYHOM PEXMME C OLHOBPEMEHHOMN LIMPOBOIA 1 rpaduye-
CKOV BU3yanu3aLyen BCex napaMeTpoB CUCTEMbI. JTO NO3BOISET OTKA3aTbCA OT IPOMO3KON CUCTEMbI CO3-
[aHus Bakyyma B 3KCniepuMeHTanbHOM 06beme 1 BapbuMpoBaTh NapLuarnbHoe AaBneHune kucnopoga ot 1 atm.
po 10" atm.

DISTINCTIVE FEATURES

The oxygen cell and the heating and cooling of the furnace are
controlled by a microprocessor regulator operating in the manual
or automatic mode, with the system parameters being monitored
digitally and graphically on a computer display. That makes it
possible to eliminate the necessity of using a bulky vacuum system
for the experiment and to vary the partial pressure in the range of
1-10-"¢ atm.
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BEC®JTIHOCOBASA MNAKA
pasHoOpoAHbIX MaTepunanos

FLUX-FREE SOLDERING
of Heterogeneous Materials

PaspaboTaHbl cocTasbl 6eCdOCOBLIX KOMMO3MLMOHHBIX AU dY3NOHHO-TBEPAEOLWMX Npunoes (ATM) ans
COeAMHEeHWs MaTepuanoB, 3HAYUTENbHO Pa3nNUYaKoLWMXCH KOIPULMEHTAMM TEPMUYECKOrO paCLUMPEHUs
(KTP) 1 He nepeHOCALLMX peskux ckaykoB TemnepaTtyp. PaspaboTaHHble cocTasbl [T no3sonsoT Bapbupo-

BaTb KTP B LWMpOKOM TeMnepaTypHOM AuanasoHe.

OdhekT OOCTUraeTCs BBEAEHNEM B KOMMO3NLMIO KOMMNOHEHTOB, UMEKLLMX HWU3KWE UMK OTpULATENbHbIE
3HayeHus KTP, npu atom BennumHa KTP maTepuana cnnaea 0CTaeTcsl HEM3MEHHOM NPU 3HAYMTENbHBIX TEM-

nepaTypHbIx konebaHusix (o 500°C).

3HaveHne KTP nasiHOro wBa MMEEeT NPOMEXYTOYHOE 3HaueHue mexay BennumHamu KTP coegmHsieMblx

aetanei.

New compositions of composite diffusion-hardening flux-free solders
have been developed for connecting materials that have appreciably
different thermal expansion coefficients (TEC) and cannot withstand
temperature jumps. The developed compositions allow the TEC to be
varied over a wide temperature range.

The effect is achieved by introduction of components with low
or negative TEC, with the alloy’s TEC remaining unchanged upon
considerable temperature fluctuations (up to 500°C).

The soldered seam has an intermediate TEC value between those of
the connected parts.

NPEUMYLLECTBA

Wcnonb3oBaHne nactoobpasHbix COCTABOB NPW KOMHATHOW Temne-
paType CyLieCTBeHHO obrieryaeT npoBefeHue NPeLn3 oHHbIX coeau-
HEHW B NPUBOPOCTPOEHMM.

PaspaboTtaHHas TeXHOMOMMS CoeaMHEHUs Pa3HOPOAHbIX MaTepua-
OB UMEET pPsf Hoy-Xay.

ADVANTAGES

The use of the paste-like compositions at room temperatures
appreciably facilitates high-precision connection in the instrument
making.

The developed technology for connecting heterogeneous materials
contains a number of know-hows.
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PA30IrPEBHbIE XUMWYECKWE NCTOYHNKI TOKA
(PXAT)

THERMAL BATTERY

PXWT — 310 aBTOHOMHb I UICTOYHVIK SMEKTPOSHEPTUN,
paboTatoLLMiA N0 NPMHLMMY NPSIMOTO NPeobpasoBaHiis
XMMUHYECKO 3HEPrUM B SMEKTPMYECKYH). MOLLHOCTb Ke-
TOYHWKA OT COTEH BaTT 10 AECSTKOB KMOBATT.

OBNACTb NMPUMEHEHUA

* BoeHHas TexHuKa 1 BOOpYXeHMe.

* PesepBHoe aHeprocHabXeHne CuroBbIX arperatoB
(anekTpogsuratenen) B akCTpeMasnbHbIX YCrOBUSIX.

* ABTOHOMHOE 3HEPronUTaHMe aBTOMATUYECKUX Cu-
CTEM MOXAPOTYLLEHNS.

PXWUT moryT 6bITb MCNONb30BaHbl B Ka4ecTBe

pe3epBHbIX UCTOYHMKOB 3NEKTPOCHAOXeHUs B

pa3nuYHbIX 06NACTAX TEXHUKK:

« 3anyck gBuratenei B yCrioBusix HU3KUX TeMneparyp.

+ OTbesq aBTOTPaHCNOpTa B aBapuiHbIX YCITOBUSIX B
Be3onacHoe MeCTo B CryJae 0Tkasa Asuratens.

* INEKTPOnUTaH1e NUETOB U NOSLEMHUKOB LLAXT MPK
MpexpaLLeHn SHeprocHabxeHIs!.

* Pe3ska 1 cBapka MeTamnoB B aBapUiHbIX CATYaLMSIX,
MpW OTCYTCTBUM SMEKTPOSHEPTUN 1 HEBO3MOXHOCTM
UCMOMb30BaHNA ra30BOM PE3KM W CBApKM, a Takke
roz BOAOMN.

* OHeprocHabxeHve CPeACTB NOXaPOTYLLEHMS.

« [ina gpyrux notpebutenen, KOTOPbIM HyXHbl MOLL-
Hble 3HEProyCTaHOBKM ANS JKCTPEHHOrO SHeproc-
HaBXeHus.

PXWUT obnapatot yHuKanbHbIMM XapaKTepucTUkamm:

« [InuTenbHbIiA, NPaKTUYECK HEOTPaHWUYEHHBIN CPOK
XpaHeHws 10 UCMOrb30BaHNS.

* PaboTocnoco6HOCTb B LIMPOKOM TEMNepaTypHOM WH-
Tepeane okpyxaroLLeit cpeapl, ot -100 go +300°C.

* Bbicokast yaensHast MOLLHOCTb: OT 2-3 kBT/kr Beca npm
BpeMeHm paboTbl 1-2 MuHyTbI M 4o 0,5 KBT/KT npu pa-
Bote B TeueHme 20~30 MUHYT.

Thermal battery is an independent source of
electric energy, which operates following the principle
of direct conversion of chemical energy into electric
power. The source power ranges from hundreds of
watts to tens of kilowatts.

FIELDS OF APPLICATION

* Materiel and armament.

*Backup power supply to various power units
(electric motors).

* Independent power supply to automatic fire-fighting
systems.

Thermal Battery can be used as a standby power

source in a variety of technologies:

« Starting of engines at low temperatures.

* Driving of faulty motor vehicles to a safe place.

* Power supply to elevators and mine hoists in case
of mains power interruptions.

* Backup power supply for cutting and welding of
metals under emergency conditions or when torch
cutting and oxy-acetylene welding are impracticable;
underwater welding.

* Backup power supply to sprinkler systems.

+ Other consumers in need of high-capacity power
units for emergency power supply.

Thermal Battery possesses unique characteristics:

* Long-term (practically limitless) shelf life before use.

* Serviceability over a wide interval of ambient
temperatures from -100 to +300°C.

*High specific power: 2-3 kW/kg during 1 or 2
minutes; 0,5 kW/kg during 20 to 30 minutes.
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3NEKTPOXVMWYECKUE YCTPOIVCTBA
Ha ocHOBe TBepAbIX OKCUAHbIX NPOBOAHNKOB

ELECTROCHEMICAL DEVICES
Based on Solid Oxide Conductors

B

VBTO YpO PAH paspabatbiBaeT HayuHble OCHOBbI CO30a-
HIS1 CEYHOLLX SMEKTPOXMMNYECKIX YCTPONCTB:

TonnueHbIe aneMeHTb1 (TOTI)

TOT3 MOTYT HalTh LUMPOKOE MPUMEHEHIE B KA4YECTBE aB-
TOHOMHbIX MCTOYHUKOB TOKA [7151 SHEprocHabweHIs:
CTaHLWN KaTOOHOM 3aluTbl HedoTe- 1 rasomnpoBo-
[10B, B BOEHHOW 11 KOCMIYECKOM NPOMBILLINEHHOCTH, |3
1151 SHEPrOCHADXEHWS! UMbIX CTPOEHNIA, CrieLobb-
€KTOB 1 [p. B kayecTBe ToNnMBa MCMonb3ytoT pas-
TMYHbIE BUObI MPUPOLHONO W TEXHOTEHHONO YITIeBO-
[OPOAHOIO ChIpbSi.

* AnekTponusepb! Ans NonyyeHus BoAopoaa U
kucnopopa (TOJ)

OneKTPONM3EPbI NO3BONSIOT ABTOHOMHO MOMYYMTb U3 BO3-
[AyXa BbICOKOUMCTbIN MEOVLMHCKUIA KNCTIOPOA, a Takke
ronyyaTh ero 13 MPOLYKTOB XWU3HELESTENbHOCTU Ye-
noBeka (YrmeKuCbIN ra3 1 Mapbl Bodbl), YTO SBSETCA
OCHOBOW 151 CO30aHNS 3aMKHYTbIX CUCTEM Xu3HE0De-
cneveHnst. TOD Takke Mo3BONSIOT NOMyuMUThb BbICOKO-
YMCTbIN BOAOPOL, MyTEM SMEKTPOIUTUHECKONO pasfio-
YKEHWS BOAHOrO napa.

* KoHBepTepb! Ans nony4eHus Bogopoaa
OnexTpoxummieckin koneeptep (OXK) npenHasHa-

YeH [ NOMyYeHs Y1CTOro BOLOPOA MyTeM AreKTpo-

XVMU4ECKON KOHBEPCUM FOPHOYMX a30B BOASHLIM Ma-

POM. VACTOMHWKOM 3HEprvv A5 NPOBEAEHUS NpoLiecca

CIyXXaT rasosble cMeck ¢ GombLumMm coaepariem H, 1

CO, nomnyyaemble KOHBEPCYEN U rasnchnKaLen npu-

POLHbIX WIW TEXHOrEHHbIX TOMNB.

* KucnopopHble Hacocbl Ans NOMy4eHUs KMCIo-
poga M KMCNOPOACOAEPKALUMX CMeCei, ANl OUMCTKM
rasoB OT Kucriopoaa

+ [a3oBble CeHCopbI
[a30Bble CEHCOpbl Ha OCHOBE TBEPAbIX OKCUAHBIX

AMNEKTPONMTOB MpeaHa3HaYeHbl NS aHann3a rasosbIx

cpen B NabopaTOpHOI 1 TEXHONOMYECKOW MpaKTUKe,

[N51 3KOMOMMYECKOTO MOHUTOPUHTA.

C NOMOLLBHO 3TUX YCTPONCTB MOXKHO MPOBOAMTL U3-
MEpEHISt COAepaHNs: BOAOPOLA B ra3oBbIX CMECSX;
kucrnopoda B CMECsiX C JpyrviMu rasamu, B pacnnaeax; CO
(yrapHoro rasa) B BO3ayXe; FOPHOUMX ra3oB B BO3Oyxe (Hanp.,
MeTaHa B BO3yXe YrorbHbIX LLAXT); OKCHAOB a30Ta W yrrepo-
[a, a TakKe YrMeBOOPOLOB B MPOAYKTaX ropeHus, B BO3AyXe.

Ha 6a3e TBEpAO3NEKTPONMTHOO CEHCOPa B UHCTUTYTE pas-
paboTaH ONTMI3ATOP CXUraHNs TOMNBA, NMO3BONSOLLVIA KO-
HOMUTb A0 15 % TonnMBa B MaribIX KOTeNbHbIX 1 TOLL.

VBTQ Bepet paboTb Mo CO30aHNI0 ra30aHanMTHECKUX Ch-
CTeM Aris orpeaeneHs B3pbIBOOMACHbIX V1 BPEAHbIX BELLECTB
B BO3MyXe.

The Institute of High-Temperature Electrochemistry (IHTE)
is developing scientific principles for creation of the following
electrochemical devices:

* Fuel cells (SOFC)

Solid-oxide fuel cells (SOFC) can serve as independent
current sources supplying power to cathodic protection
stations at oil and gas pipelines, in the armaments and
space industries, power supply to dwelling houses, farms,
special facilities, efc. Various types of natural and man-
caused hydrocarbons can be used as fuels.

+ Solid-oxide electrolyzers (SOE) for generation of
hydrogen and oxygen

The electrolyzers ensure independent production of high-purity
medical oxygen from air or waste products (carbon dioxide
and water vapor), providing a basis for development of
closed-circuit life support systems. SOE allow high-purity
hydrogen to be obtained by electrolytic dissolution of water
vapor.

* Electrochemical
production

The electrochemical reformer is designed for obtaining
pure hydrogen via electrochemical conversion of fire
gases with water vapor. Gaseous mixtures containing high
concentrations of H, and CO are used as an energy source.
These mixtures are obtained by conversion or gasification
of natural or man-made fuels.

+ Oxygen pumps for obtaining oxygen and oxygen-
containing mixtures and for deoxygenation of gases
*+ Gas sensors

reformers  for  hydrogen

Gas sensors based on solid oxide electrolytes are intended for
analysis of gases in laboratories and processes and can
also be used for environmental monitoring.

These devices can be used to measure the
concentrations of hydrogen in gas mixtures; oxygen
in mixtures with other gases or in melts; CO in air;
flammable gases in air (e.g., methane in the air of coal
mines); nitrogen and carbon oxides, and hydrocarbons in
combustion products and air.

Based on the solid-electrolyte sensor, a fuel buming optimizer
has been developed, which allows up to 15% of fuel to be saved
at small boiler houses and combined heat power plants.

At the Institute of High-Temperature Electrochemistry, the
developments are under way to create gas analyzer systems for
detection of explosive and harmful substances in air.
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AHEPIOYCTAHOBKA MOLLHOCTbHO 100 BT
Ha OCHOBe TBEPAOOKCUAHbIX TOMNMBHbIX anemeHToB (AXIM-100)

SOLID OXIDE FUEL CELL I%I|BB
Power Installation Rated at 100 W (EKhG-100)

OXI-100 — 370 aBTOHOMHbI BO30OHOBMNSAEMbIN MCTOYHUK ANEKTPOSHEP-
MV Ans pacnpeaeneHHoN SHepreTukM, B YaCTHOCTM, ANS CTaHLMI KaToa-
HOW 3aLMTbI HedhTe- W ra3onpoBOLOB.

OCHOBHbIE TEXHWYECKME XAPAKTEPUCTUKA
MOLLHOCTD, BT ..o 100
. PacyeTHbIN pecypeC PaBOThI, YACOB.......ccrrererrerererrereereeeereseseeaens 12000
1‘; BPEMS 3aMYCKA, MUHYT ..ottt 60
¥ Macca aneKTPOXUMUYECKON CEKLIAM, T ....vevreieeierereeesereseeeeeeeseees 300
TOMMMBO ... NPUPOAHbIN ra3 (MeTaH)
OKMCTIUTEIID 1.ttt ettt sttt sttt s e e s e saesee s srnaneneas BO34yX

BO3MOXHbIE BMbI TOMNUBA
Bopopoa, nponaH-0ytaHoBas cMecb, CnnpTbl, GEH3UH, AW3TONMNMBO,
Owvoras.

BHewwrwii Bup IXT-100 ¢ briokom Harpyskv (@), Mopgynb cOCTONT M3 16 Tpy6uaTbiX 9NEMEHTOB C LIMPKOHUEBLIM 3Mek-

MOZYIb TOMMMBHBIX 3/1EMEHTOB (6) M 220 B. T3 pab

EKNG-100 instalation with a load block () and TPOTATOM. Tlocne cTapToBoro pasorpesa oT CeTU , pabortaert

a fuel cell battery (b) B aBTOTEPMUYECKOM pexume (MOAAepkaHne TemnepaTypbl 3a cyeT cob-
CTBEHHOrO Tenna).

[poBefeHbl ycnewwHble ucnbitaHus IXM-100 Ha nnowaake YpantpaHcrasa.

The EKhG-100 installation is a self-contained renewable source of power for distributed power facilities,
specifically, cathodic protection stations at oil and gas pipelines.

The module consists of 16 tubular cells with a zirconium electrolyte. After the initial preheating from the 220
V mains, the fuel cell operates in the autothermal regime (the temperature is maintained by the intrinsic heat).
The EKhG-100 installation has been successfully tested at Uraltransgas facilities.

- .
KEY SPECIFICATIONS o “\\\" ey )
POWEE, W oottt ettt en et ee e ne e ennen 100 o e .
Designed lifetime, hOUIS...........ccocuvveveieieee e, 12000 .. ;/\/.\ .
Start-up iMe, MINUIES ........oveeveeeeeeee e 60 u A “ I
Mass of electrochemical Section, g...............couerrvveinnnevieisseniiiiene 300 u N -
FUBL e natural gas (methane) e e
OXIQIZET ...t air
BOJ'IbTaMI'IepHaFI XapakTepucTunka
BXT-100.
POSSIBLE TYPES OF FUEL EKhG-100 voltage-current

Hydrogen, propane-butane mixture, alcohols, gasoline, diesel fuel, and biogas. characteristic.
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IAJNIEKTPOJIN3EP C TBEPAbLIM 3JIEKTPOJINTOM
SOLID ELECTROLYTE ELECTROLYZER

QJIEKTPOINN3EP NPEAHA3HAYEH ONA PEWEHWA LLENOro PAOA

TEXHUYECKMX 3AOAY

* [lonyyeHune Y1CTOro KMCnopogda U3 Bosagyxa.

* [onyyeHure Bogopoaa 1 kucnopoda U3 napos BOAb.

* [lonyyeHue kucnopoaa 13 NpoAYKTOB XKU3HEAEATENBHOCTM YenoBeka.

* [lonyyeHune ra3oBbIx cMeceit ¢ TpebyeMon KOHUEHTPALMEN UMK aKTUBHO-
CTbIO Kucnopogaa.

PASPABOTAH  MEJWLMHCKAA  BAPWAHT  ONEKTPONIM3EPA -

FEHEPATOPA KUCNOPOJA

* [ponssoguTenbHOCTL Mo kucnopoay — 300 n/vac.

* [pon3BoaUTENBHOCTbL MO MMMOKCUYECKON CMecK — 10 3 M3/vac.

* YucroTta nony4yaemoro kucnopoga 99,9 %.

* [oTpebnsemass MOWHOCTb OT BHEWHe# 3MeKTPUYEecKom Ccetm -

He bonee 1,0 kBT. e

THE ELECTROLYZER IS A SCIENCE-INTENSIVE HIGH-TECHNOLOGY
DEVICE HAVING HIGH CONSUMER PROPERTIES INTENDED TO SOLVE
ADIVERSITY OF TECHNICAL TASKS, INCLUDING

+ Extraction of pure oxygen from air.

+ Extraction of hydrogen and oxygen from water vapor.

* Generation of oxygen from products of life.

* Preparation of gas mixtures with the required concentration or activity of

oxygen. )
AMEDICAL ELECTROLYZER-GENERATOR OF OXYGEN Nocrbsorn nakaseaum oo
HAS BEEN DEVELOPED MPOM3BOAUTENHOCTbIO MO KUCTIOPOAY —

+ Oxygen yield is 300 I/hour.

* Hypoxic mixture yield is up to 3 m%hour.

+ Oxygen purity is 99.9%.

* Electrical power consumption is 1.0 kW or less.

NMPEMMYLLECTBA NTEHEPATOPA K/CNOPOJA

anAa MEQUUMHCKOr O MPUMEHEHWA

* Bbicokas xumuyeckas u Guonornyeckast unctora
nonyyaembIx NPOAYKTOB.

* beclwymHoCTb.

o [lnuTencHbIn - CPOK
B pabore.

+ Xopowwwue maccorabapuTHblE XapakTEPUCTUKN.

* OTHOCMTENLHO HEBBLICOKAst CTOMMOCTb.

cnyxbbl M HaOEXHOCTb

100 n/yac, no runokcu4eckorn cmecu —
6onee 1000 n/vac.

Alaboratory prototype of the oxygen
and hypoxic mixtures generator with an
oxygen output capacity of 100 I/h and
with a hypoxic mixtures output capacity
of 1000 I/h.

THE MEDICAL ELECTROLYZER-GENERATOR
OF OXYGEN OFFERS THE FOLLOWING
ADVANTAGES

* High chemical and biological purity of the products.
* Noiseless operation.

* Long service life and reliability.

+ Good mass and dimensioning characteristics.

* Relatively low cost.
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«CNHYC» - ceicmopervcTpupyloLias
NomMexoycTonymBasi CUCTEMA C HaKoMeHnem

“SINUS” Seismic Noise-Immune System

NPEMMYLLECTBA

Mpnbopbl KOMNAKTHBI 1 AKOHOMWUYHbI. 3TO NO3BO-
nseT aPgeEKTUBHO UX UCMONb30BaTh NpU NpoBeae-
HWM paboT B TPYAHOAOCTYMHbIX y4aCTKax MECTHOCTH,
Ha NPOMBILLSIEHHbIX U CTPOUTESbHBIX MIOLaaKax ¢
MOBbILUEHHBIM YPOBHEM re0CENCMUYECKOrO (hOHa, B
LIaXTHbIX BbIpaboTKax.

OCHOBHbIE TEXHUYECKME XapaKTePUCTUKM CelicMocTaHLmit « CUHYCy

Cemncmmyeckue ctaHumm «CuHyC» SIBNSIOTCA MHOrOKa-
HanbHbIMM, BbICOKOYYBCTBUTENbHBIMM Npubopamu, npea-
Ha3HaYeHHbIMWU ANS ONpeaeneHns CTaTUYeckux U OuHa-
MWYECKUX NapamMeTpoB CEMCMIUYECKOr0 BOMTHOBOIO NONS
W MoryT paboTaTb COBMECTHO C NH0BOLIM MCTOYHUKOM BO3-
ByxaeHus cencmmudecknx konebaHuin MMNynbCHOro TUNa.
CTaHummM MCNonb3ylTeca ANS W3yYeHUs BEpXHEN 4acTy
reonornyeckoro paspesa.

‘SINUS” seismic stations are multichannel high-
sensitivity devices intended for evaluation of static and
dynamic parameters of a seismic wave field and can work
together with any excitation source of pulse-type seismic
fluctuations. The stations are used for exploration of the
upper part of a geological cross-section.

ADVANTAGES

The proposed systems are compact and energy-
conserving, which ensures their effective operation
in the regions, which are difficult of access; in
industrial and construction sites characterized with
enhanced geological and seismic activity; and in
mining developments.

Key Specifications of the “SINUS” Seismic Station

(ab, He meHee)

Crynenn ®HY (aHanoroBbIn) ¢ 250, 500, 1000,

amplification, at least (dB)

Yueno cecMmnyecknx kaHanos 6,12, 24, 32 Number of seismic channels 6,12, 24, 32
[Tonoca peructpupyemsix Yactor (') 5-4000 Frequency range detected (Hz) 5-4000
Yucrio paspsigos AL 16 nm 22 Number of ADC discharges* 16 or 22
Crynenv ycunenvs (ab) 0, 12,24, 36, 48 Amplification (dB) 0,12, 24, 36, 48
[nHamuyeckuin aanasoH perucTpupyeMblx . . :

CUTHAIOB C y4ETOM YCHNEHNS 120 Dynamic range of detected signals with 120

Stages of low-pass filter (analogous) with

250, 500, 1000,

nofiaanesvem 12 AB/oxT (M) 2000, 4000 suppression 12 dB/octave (Hz) 2000, 4000
Crynenn ®BY (aranorosbiii) ¢ 5,250, 500, 1000, Stages of high-pass filter (analogous) with 5, 250, 500, 1000,
nopasnenem 12 aBlok () 2000 suppression 12 dB/octave (Hz) 2000
Mogasnenue PO yacToTsl 50 *2ry Suppression of radio-frequency 50 *2 Hz, at

30 least (dB 30
(nb, He MeHee) east (dB)
MaKcvMarnbHblit BXOZHOW curHan (B) +25 Output signal, max (V) £2,5
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NMPNBOP BN-4008 gnsa TpexKoMMNOHEHTHbIX
reoakycTU4ecknx uaMepeHui B CKBakMHax

VN-4008 DEVICe for Three-Component
Geo-Acoustic Measurements in Wells and Boreholes

AnnapaTypa npefHasHayeHa Ans U3MepeHunst Tpex CoCTaBnst-
tOLLMX BEKTOPA YCKOPEHWS!, KOTOPbIE UCTbITHIBAET CKBAXMHHBbIN
npubop noa AeCTBUEM ANHAMUYECKUX NPOLIECCOB, NMPOUCXOAS-
LWX B CKBaXWHE, HANpUMep, Takux Kak ABIKeHWe BOabl, HedTh,
rasa v ap., N0 To4YkaM C 3a[aHHbIM LLAroM 13MEPEHMUi.

The proposed equipment is intended for by-point
measurements, with a given measurement pitch, of three vector
components of acceleration, which act on a downhole device
under the effect of dynamic processes occurring in a borehole,

NMPEMMYLLECTBA

* MMpubop paccuntaH Ha paboTy ¢ UCMONb30BAHNEM
OLHOXMNbHOTO BPOHMPOBAHHOIO Kabens AnvHON
[0 6 KM.

* [Mpubop coaepKUT TOYEYHbIN TEPMOMETP.

* Peructpaums uHopmauuy npon3BOAMTCA Ha
IBM-coBmecTuMbIi kKoMnbloTep Yepe3 COM-nopT.

OCHOBHbIE TEXHUYECKUE XAPAKTEPUCTUKIN
NMPUBOPA BN-4008

[IMana3oH N3MEPEHNS ...........ccvneee.. 0.05-20 mm/c2
YacToTHbIE AnanasoHbl:
100-500 Tu, 500-5000 Ty, 500-2500 TIwu,

2500-5000 Iy

HepaBHOMEPHOCTb 4aCTOTHOW XapaKTepUCTUKA B
avanasoHe 100-5000 ML .o.ovvveeeeeeeeeeeierirreene +15%
TEMnepaTypHbIi Anana3oH TepmomeTpa ....0-120°C

YCIOBWA SKCNNYATALIMA
MpenenbHasi TemnepaTtypa B CKBaXMUHE.........
fugpoctaTyeckoe [aBrieHue B 3aBUCUMOCTUA OT

ANAMETPA CKBAKMHDI .......cvevereeeeeeenene 50+70 MMMa
TABAPUTHBIE PASMEPbI

CKBaXWHHbIN npubop:

ONAMETD .. 40-48 mm
OANUHA ..., 1200 Mm
MynbT ynpaBneHns

such as, for instance, flowing of water, oil, gas, etc.

DISTINCTIVE FEATURES AND SPECIFICATIONS

 The device is designed for operation using a
single-core armored cable of 6 km in length.

+ The device contains a point thermometer.

« Data are recorded with an IBM-compatible

computer via the COM port.
VN-4008 KEY SPECIFICATIONS
Measurement range: ..........ccceee.e.. 0.05-- 20 mm/c2;
Frequency ranges:
100--500 Hz, 500-5000 Hz, 500-2500 Hz,

2 500-5 000 Hz;
« Irregularity of the frequency response in the range

0f 100-5000 HZ : ..., +15%
Thermometer’s temperature range:............ 0-120°C
OPERATIONAL CONDITIONS

IaMELer . et 50+70 MPa
DIMENSIONS

Downhole device:

DIAMELET ...t 40-48 mm
Length:.....cooieecice 1200 MM

Remote control
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TENEMETPUNHECKAA CNCTEMA
cbopa cericmopa3BeaoyHbIX gaHHbIX «I1S-128»
(coBmecTHO ¢ 000 «HIMM UHTpomar») o0 PAR

IS-128 TELEMETRY STATION of Seismic Data
Acquisition (Joint Project with 000 NPP Intromag)

FOPHbI

e \ PeructpaTtop CeicMUYEeCKUX CUrHamnoB npeaHasHaveH Ans BoinonHeHus 2D u

--."“"'“\ 3D ceilcmopa3Beao4HbIX HabMogeHW NpU N3y4eHUU reonorieckoro CTPOeHNs

e [0 ry6uHbI 1 KM, HXEHEPHO-TE0U3NYECKNX UCCIIEA0BAHUI BEPXHEN YacTu pas-

- ? pesa MeTofamu OTPAXEHHbIX W NPENIOMIEHHbIX BOSTH, CEMCMUYECKUX MUCCneao-

o 3 g BaHUI B CKBaXWHAX, reororo-reousnyeckoro MOHUTOPUHIA rMAPOTEXHUYECKNX

'@ W OPYTUX WHXEHEPHbIX COOPYKEHWW, aKyCTUYECKUX WCCREA0BAHWA LOPOXHbBIX

J  TOKPbITWA, (DYHOAMEHTOB M OCHOBAHUM COOPYXEHWW, BbICOKOYACTOTHbIX CENC-

MOaKyCTUYECKNX MCCreA0BaHW B rOpHbIX BbipaboTkax. Peructpatop npeacras-

nset cobon TenemeTpuyeckyto cucteMmy cbopa AaHHbIX, MOCTPOEHHYK Ha yAaneHHbIX MOMeBbIX MOAYMSX
IM2416 SEISMO DAS.

The seismic recorder is designed for 2D and 3D seismic observations at depths down to 1 km, for engineering-
geophysical investigations into near surface cross-sections using the methods of reflected and refracted waves,
seismic exploration wells, geological and geophysical monitoring of hydraulic structures and engineering
constructions, acoustic investigations of road surfacing, buildings and basements, and high resolution seismic
observations in mines. The recorder is a telemetry system for data acquisition built on the AIM2416 SEISMO
DAS remote field modules.

\,

( T )
e @

TEXHWYECKUE XAPAKTEPUCTVKM NMONEBOIO MOAYNA
| SPECIFICATIONS OF THE FIELD MODULE:

Yucno kaHanos / Number of channels. ..., 16
YacToTHbIN AnanasoH kaHana /Frequency band...........ccccvvvvvvrcrnrnnenes 0--5000 Hz
Mepuog ANCKPETU3aLMM [ SAMPIE Fate .......ccveeecccee e 0,03-4 ms
OnHammyecknin gnanadoH / Dynamic Range.......ccceeeeeeicisiceceeecec s 128 dB
KoadphmumeHT ocnabnenms cuHdasHoro curHana, He MeHee /

Attenuation in-phase SigNal..........ccovvvveeceiiiic e 100 Db
KoathpmumeHT B3aMMHOMO BIUSIHUA Mexay kaHanamu, He Bonee /

Mutual influence between the channels, not greater.............ccccooevnniinnes -100 Db
CkopocTb nepefaym ganHblx /Data speed translation ...........ccccoveevnene. 921,6 kilobit/s

[aBapUTbl MOLYNSA | SIZES ....cvveeeeereieiriree e, 171*121*55 mm
Bec mogyns, He Bonee / WeIght ........c.ccevicccececse e 1,5 kg
Obwee konn4ecTBO KaHaroB B JaHHOW BEPCUM perucTpaTopa Ao 256 (16 moaynen) /
Total number of channels in this version of the telemetry station is up to 256

(16 modules)
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TEXHO0rMA CEMCMOAKYCTUYECKOWN OE®EKTOCKOMAN
OCHOBaHUIN N KOHCTPYKTUBHbLIX 3/IEMEHTOB
CTpouTenbHbIX 06bEeKTOB

SEISMOACOUSTIC FLAW DETECTION
roma of the Base and Structural Elements of Buildings

o0 PRH

TexHororMs OCHOBaHa Ha WCMOMb30BaHUM MeToda MHXEHEPHOM
CENCMOpa3BEeKM Ha OTPaXEHHbIX BOMHAX M CamblX COBPEMEHHbIX
annapaTypHbix paspaboTkax. Mpeanaraemble B pamkax TEXHOMOTUM
HepaspyLLaloLLe NoNeBble METOAMKN M CNOCo0bI MHTEpPNpeTaLm Mo-
3BONSIOT pelaTh aKTyanbHble 3a4ayn Mo OnpeaeneHnto CBOCTB U
[E€TanM3aLnm CTPYKTYPbl PA3nMYHOrO poaa 06bEeKTOB — aBTOMOOUITb-
HbIX W XenesHbIX A0por, AaM0, NOTUH, OCHOBAHMIA MPOMbILLTIEHHbIX
W IpaXOaHCKMX COOPYXKEHWH, a TakKe UX OTAENbHbIX KOHCTPYKTUBHBIX
9NEMEHTOB — (hyHOAMEHTOB, CTEH, BrOKOB.

The technology is based on the method of engineering seismic
reflection and on the most advanced hardware developments. The technology offers non-destructive field
techniques and interpretation methods that solve the pressing problems of specifying the properties and
determining the detailed structures of various construction projects: automobile and rail roads, dams, dykes,
foundations of civil and industrial structures, and their structural elements such as bases, walls and blocks.

Hanbonblumin achchekT NpeacTaBneHHas TEXHONOMS MMEET B KOMMMEKCE C AaHHbIMU BypeHns npu nayde-
HWW M NPOTHO3€ KaTacTpohUYEeCK X CUTyaLMin B Npedenax kapcToonacHbIX TEPPUTOPUIA, NroLagen pacnpo-
CTpPaHEeHWs paspbiBHbIX HApYLLUEHW, a Takke 30H BIUSHWSA NPUPOLHO-TEXHOMEHHbIX (hakTOpOB B Npesenax
pa3pabaTbiBaeMbIX MECTOPOXAEHUIA W rPafonPOMBILLSIEHHbIX armo-

Mepaumit. [pn HeoBX0AMMOCTN TEXHOMOTMS MOXeET BbITb MCMOMb- ~ — N
30BaHa Ans [MUCTaHLMOHHON Nokanu3aumu norpeGeHHbIX ropHbIX R L
BbIpaboOTOK M apxeonornyeckux obbekToB Ha rnybuHax go 30-50 ) ii:*\ﬁﬁff&‘lfg::%
ori -_-q......m--:"‘hf‘" it
METPOB. 10 e
mmprwmwm
The technology has the greatest effect when combined with the e B D i L B
. . . . e T Y e e o L
drilling data for exploration and prediction of casualties within karst- - I'r-‘.l:g;;:;.i.;-;ﬁ.cmﬂﬁﬂw
hazardous zones, fault distribution areas, and influence areas of g ey
o . o - o, e et
natural and man-made factors within the developed fields and urban B e iy
industrial agglomerations. If necessary, the technology can be used G e
for remote localization of buried mines and archaeological sites at " J

shallow depths.
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NMNVYJIbCHbIN UCTOYHUK YIMPYIX KONEBAHUN
Ans manorny6buHHoM cencMopasBenKu

IMPULSE SOURCE
for Shallow Seismic Explorations

o0 PR

WHCTUTYT
FOPHbI

/cTouHMK npegHas3HaveH Ans uenen ManornybuHHOW cemcMopas’Befku Bbl-
COKOro paspelueHust. [ns Bo3byxaeHus konebaHuin B yCTPOCTBE WUCMONb3yeT-
CSl 3HEprysi NOPOXOBbIX ra30B, BbIAENAOLMXCSA NPU CrOpaHWW 3apsga AbIMHOrO
nnn 6e3abIMHOr0 OXOTHUYBETO MOPOXa B 3aMKHYTOM 06beMe Mexzay NaTpOHHM-
KOM YCTPOMCTBA W JHOM CKBaXMHbI rMyOuHHOM fo 1 M. BbinyckaeTcs cepuiHo u
npowen ceptudmkauuio (Ne POCC RU.SA02.B11988), cornacHo koTopomn cooT-
BetcTBYeT TY4314-004-04538067-2007 n ygosnetsopsieT Tpebosanusm FOCT P 50529-93 n TY4314-
004-04538067-2007 no npoyHocTn 1 6esonacHocTh. [Ans paboTbl NCMOMb3YIOTCS TOMBKO CheLmarnbHo
CHapsKeHHble XoocTble NaTpoHbl. VICToYHKK 0becneynsBaeT reHepaLyio BOSTHOBOrO NONs LWKMPOKOro Ya-
CTOTHOTO Anana3oHa C MIHTEHCUBHOCTBIO, AOCTATOMHON N1 PETUCTPALIMM OTPaXEHHBIX BOSH B MHTEPBane
rny6uH go 1000 meTpoB. 3aperucTpupoBaHa 3asBka Ha n3obpeteHne Ne2010124548. Macca ycTpoicTaa
7.5 kr, BbicoTa 1.4 M, AMameTp CKBaXuHbl 60 MM.

The impulse source is intended for high resolution shallow seismic prospection. For oscillation excitation,
the source utilizes the energy of powder gases that are discharged during the confined combustion of a
load of black or smokeless powder between the cartridge chamber and the bottom of a one meter deep
well. The impulse source is a serial device that has been certified in Russia in accordance with the standard
requirements to durability and safety. Only specially designed blank cartridges are used; and the source
generates the wave field in a wide frequency range, with the intensity sufficient for recording of the reflected
waves at depths down to 1 000 meters. A patent application has been filed (No. 2010124548). The device
is 7.5 kg in weight and 1.4 m in height and is designed for a 60-mm-diameter well.
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NHCTUTYT MHEPATIOI NI
THE INSTITUTE OF MINERALOGY

YHUBEPCAJIbHAA BbICOKOTEMINEPATYPHAA
BbICOKOBAKYYMHAS{ MNEYb

UNIVERSAL HIGH-TEMPERATURE
HIGH-VACUUM FURNACE

PaspaboTtaHa W M3roTOBNEHa YHWBEPCANbHAS BbICOKOBAKY-
YMHasi BblCOKOTEMMepaTypHasi nabopaTtopHasi neyb, KoTopas
MO3BONSIET peLuaThb LIMPOKWI KPYr SKCMEPUMEHTAMbHBIX U TeX-
HOMornyecknx 3adady no BbicokoTemnepatypHomy (ao 2500 K)
CUHTe3Y TYronnaBKux COEAMHEHMIA, BbIpaLLMBaHNI0 OKCUAHBIX W
MoMynpOBOAHUKOBbIX KPUCTANNOB, NIaBke KBapLEBOro CTekna.

High-vacuum and high-temperature universal laboratory
furnace has been designed and manufactured. This furnace
solves a wide range of experimental and technological issues
in the high-temperature (2500 K) synthesis of refractory
compounds, growing of oxide and semiconductor crystals,
melting of quartz glass.

OTAnumMTENBHBIMM 0COBEHHOCTAMM AAHHON NEYN SBASIOTCA HaNMMYMe BBOAOB NEPEMELLEHMUIA B BaKyyMHON
KaMmepe W KOHCTPYKTUBHAs BO3MOXHOCTb BbICTPON 3aMeHbl TEMMOBbIX Y3MOB PasnuyHbIX KOHUrypauui, B
TOM YnCre npegnonaratowmx 6ecturenbHbIi cnocob CHTe3a MaTepuaros, U Hanuyue Barna C BpallaTernbHOM
1 noctynatenbHon (2o 200 Mm) cteneHsiMn ceoboabl. YCTaHOBKa OCHALLEHa CUCTEMaMU BU3YarnbHOM 1 Npu-
BOPHOro KOHTPONS NPOTEKALLMX B KAMEPE NPOLLECCOB.

The furnace has the following features: a feasibility for a fast replacement of heating units of various
configurations, including the units involving the methods of material synthesis without crucible; and a shaft
with the rotational and translational (up to 200 mm) degrees of freedom. The furnace is equipped with visual
systems and instruments to control the processes occurring in the heat cell.
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ATrPErAT OJ19 NOAroTOBKW NNECHOI NOY4BbI

Ons necoBo306HoOBNEHUS

SOIL PREPARATION EQUIPMENT '

for Reforestation Purposes

Pa3spaboTaHa KOHCTPYKLMS HOBOTO BbICOKOI(PEKTUBHOMO TPAKTOPHO-
ro arperata Ans OnNTMManbHOW MOArOTOBKM MOYBbI NS €CTECTBEHHOMO
BO30OHOBNEHMSI XBOWHbIX BWMAOB. Ha ee 6ase Ha KambilunoBckuM 3a-
Boae «Jlecxo3amally» M3roToBMeHbl MPOMbILLIEHHbIE 0Bpa3Lbl arperata,
yCNeLHO UcrblTaHHble Ha Bbipybkax B necax CBepanoBCKOM, THOMEHCKOM
n KypraHckomn obnacrei.

A new design of highly productive tractor assemblage has been
developed, which is optimal for soil preparation for natural reestablishment
of coniferous forest. Based on the development, the tractor assemblage
prototypes have been manufactured on industrial scale for the
Leshkozmash Works at Kamyshlov, which have successfully been tested
on the cleared areas in the Sverdlovsk, Tyumen and Kurgan Oblasts.

Arperat npeacTaBnsieT KOMGMHALMIO NIECHOTO Niyra Anst Co3AaHms no-
TIOCbI NOYBbI, OYULLIEHHOI OT KOHKYPEHTHbIX TPaB, U AUCKOBOW GOPOHbI

ANS pbIXNeHUs ee AHa, Ans NOAroTOBKW MOYBbI MOA CAMOCEB APEBECHBIX PACTEHWUIA C LENb ONTUMU3ALMN
NX eCTECTBEHHOrO BO30OHOBMEHMS Ha CMOLIHbIX HEPACcKOpPYEBaHHbIX Bbipybkax u rapsx. 3to obecneynBaet
CcO3/aHu1e ONTUManbHbIX YCNIOBWN AN1S 3a[eNKW 1 MPOPACTaHms, a Takke 471 YKOPEHEHUS BbDKMBAHWS M pocTa
camocesa. [pn aToM ryctoTa camocesa B 2-3 pa3sa bosblue, YeM nocne TpaauLMOHHOM 0BpaboTkM NoYBbl,
pocturas 15-20 Toic. ak3./ra. MNpumeHeHne arperata Ha Bbipybkax obecneynBaeT TpexkpaTHOE COKpaLLeHne

3artpar Ha JleCHble KyIbTYypbl.

OB/ACTb NMPYMEHEHWSA - NECHOE XO3ANCTBO

The tractor assemblage is made of a plough, which removes weeds and clears the land, and a disk harrow,
which is dragged over the ploughed land to break up clods and prepare the soil for self-seeding of coniferous
plants, thus facilitating the natural reforestation of deforested and burn-out sites. Optimal conditions are

thus created for seed germination and for more sustainable self-seeding.
The development provides the self-seeding thickness of 15—20 thousand
specimens per hectare, which is two to three times greater than that obtained by
conventional methods of soil preparation. The developed tractor assemblage
can lead to a threefold reduction in the reforestation costs.

APPLICATION FIELD: FORESTRY
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