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Abstract: A brief review of patents is given. The research performed by scientists, engineers and specialists in the area of
nanotechnologies and nanomaterials resulted in increased efficiency of construction, housing sector and adjacent fields of economy.
For example, the invention «A method to produce fireproof wood-polymer composites on the basis of secondary polyolefine»
can be used in construction, car industry, shipbuilding, machine manufacturing, furniture trade and other industries. The method
includes following stages: drying of composite components, mixing and heat forming of them by means of extrusion in extrusion Co-
Kneader plant under treatment temperature120°C-150°C and conveyor screw rotation speed 350-450 RPM with further granulation.
The obtained fire-resistant wood-polymer composite possesses high performance characteristics.

The specialists can also be interested in the following inventions in the area of nanotechnologies: a method to produce
strengthened nanocomposite with additional properties, anodic material for lithium-ion battery and a method to produce it, a method
to rise breaking strength of composite material by preliminary impregnation of carbon fibers with carbon nanotubes, a method
to produce carbon metal-containing nanostructures, a method to produce volume microscale structures from nanoparticles and
a device to perform it, antistatic floor coating with carbon nanotubes and other.
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N306peTeHns B 0611aCTN HAHOTEXHONOINNA,
HanpaBJieHHbIe Ha pelleHne NPaKTUYecKnx sagav.
Yactb V
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NBaHoB JleoHnp Anekceesuny,
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PasymeeB KoHcTaHTUH Dayapaosuy,
O.T.H., npodeccop, ANPEKTOP TEKCTUIIbHOIO MHCTUTYTa, POCCUCKUI rocyfapCTBEHHbBIN YHUBEPCUTET
M. A.H. KocbirnHa (TexHonoruu. usaiiH. ickyccTso), r. MockBa, Poccus, ker2210@yandex.ru;

bokoBa EneHa CepreeBHa,

A.T.H., npodeccop Kapeapbl XMW 1 TEXHONOTUW NOMNMEPHbIX MaTePranos N HAHOKOMMO3UTOB,
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foueHT, Poccnmnckunim rocygapcTBeHHbI YHUBEPCUTET TyprU3Ma 1 CEPBICa,
noc. Yepkusoso, Mockosckasa obnactb, Poccus, it.rguts@mail.ru

Peztome: B pedepatnBHON popme npoBoanTca 0630p M306peTeHNiA, pesynbTaTbl TBOPUECKOW JeATENbHOCTA YUEHbIX, NHXEHe-
|POB U CMELMANNCTOB, B T.U. U M306pETeHNs, KOTOpble B 06/1aCTU HAHOTEXHOJOT I 1 HAHOMATEPANIOB MO3BOJIAOT B CTPOUTENBCTBE,
XKUNNLLHO-KOMMYHaNTbHOM XO35IMCTBE, CMEXHbIX OTPACAX IKOHOMIKIM J0OUTbCA 3HauUnTenbHOro 3¢dekTa. Hanpumep, nsobpete-
Hue «Crnocob NosyyeHnsi OTHECTOMKIKX JPEBECHO-NONIMMEPHBIX KOMMO3UTOB Ha OCHOBE BTOPUYHbBIX MNONMONEUHOB» MOXET ObITb
MCMOJIb30BaHO B CTPOUTENbCTBE, aBTOMOOMNIECTPOEHWM, CYAOCTPOEHMU, MALUIMHOCTPOEHUN, MEOESTIbHO 1 APYrX OTPAC/sAX MPo-
MblLeHHOCTU. CNOCOo6 BKIKOYAET CYLIKY KOMMOHEHTOB KOMIMO3MTa, X CMELLEHNE 1 TePMOPOPMOBAHME NMYTEM SKCTPY3NM B IKCTPY-
31oHHOW ycTaHoBKe Tna Co-Kneader npu Temnepatype nepepabotku ot 120°C go 150°C co CKOPOCTbIO BpalleHus LWHeKa oT 350
[0 450 06/MyH 1 nocnepytoLen rpaHynauum. MonyyeHHbI OrHECTOMKNIA APeBeCHO-MONIMMEPHbI KOMMNO3UT 06/1alaeT BbICOKMU
SKCNNyaTaLMOHHbIMU XapaKTepucTUKamum.

Takxe NpeACTaBNAOT HTEPEC ANA CNeUManncToB creaytolue n3o6peTeHns B 06/1aCT HAHOTEXHOJIOTUIA: CNOCcob nonyyeHns
YNPOYHEHHOIO HAHOKOMIO3WTa C JOMOJIHUTENbHBIMY CBOMCTBAMM, aHOAHDBIV MaTepuva Ans JIMTUA-MOHHOTO akKKyMy/IsiTopa 1 cnocob
€ro MoJlyyeHus, Cnocob NoBbILLEHNA MPOYHOCTM Ha Pa3pbiB KOMMO3UTHOrO MaTepurasa C MoMOLLbio MPefBapUTENbHON MPOMNUTKA
YINIEBOJIOKOH YrNepOAHbIMY HAaHOTPYOKamMu, Cnocob nosyyeHns yrinepoaHbiX MeTanicoaepKaLumx HAaHOCTPYKTYP, CNoco6 U3rotos-
JIeHNs1 0O6bEMHbBIX MUKPOPA3MePHbIX CTPYKTYP 13 HAHOUYACTULL U YCTPOCTBO /151 ero OCYLIEeCTBNEHNS, aHTUCTAaTUUECKOE HaMnosbHoe
NMOKpPbITVE C YrNepoaHbIM/ HAHOTPYOKaMu 1 ap.

Kntoyeable cnoea: HaHOTEXHOOMMI B CTPOUTENbCTBE, HAHOPa3MepHasa A06aBKa, HAHOKOMMO3UT, YINEPOAHbIE HAHOTPYOKMY,
HaHOCTPYKTypa.

Ansa yumupoeaHus: VisaHos J1.A,, Pasymees K.3., bokosa E.C., MymnHoBa C.P. 1306peTeHrs B 0611acTvi HAHOTEXHONOM A, Hanpas-
JIeHHble Ha peLleHne NpakTnyeckmx 3agad. Yactb V // HaHoTexHonorum B ctpontenbctae. — 2019. - Tom 11, N2 6. - C. 719-729. - DOI:
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INTRODUCTION

he practical application of the results achieved by sci-

entists, engineers and specialists can become efficient
tool to increase number of import-substituting goods and
to rise labor productivity. An invention is known to be
a new, with distinctive characteristics technical solution
with proved efficiency (new technologies, structures or
new substances). The paper reviews the essence, technical
result and practical value of some inventions concerning
nanotechnologies.

MAIN PART

A method to produce fireproof wood-polymer compos-
ites on the basis of secondary polyolefine (RU 2703539 C2)

The invention refers to production of fireproof wood-
polymer composites (WPC) on the basis of secondary
polyolefine and can be used in construction, car industry,
shipbuilding, machine manufacturing, furniture trade
and other industries [1]. The method includes following
stages: drying of composite components, mixing and heat
forming of them by means of extrusion in extrusion Co-
Kneader plant under treatment temperature 120°C—150°C
and conveyor screw rotation speed 350—450 RPM with
further granulation. The composite contains from 5,0
to 10,0 pts.wt. of secondary polyolefine, from 29,5 to
38,5 pts.wt. of wood filler, from 5,0 to 10,0 pts.wt. of syn-
ergetic nanoscale additive and from 5,0 to 10,0 pts.wt.
of technological additive. The synergetic nanoscale addi-
tive contains phosphorus antipyrene, organically modified
synthetic clay on the basis of Mg—Al layered doubled
hydroxides and nanoscale zinc borate. The obtained fire-
resistant wood-polymer composite possesses high perfor-
mance characteristics.

A method to produce strengthened nanocomposite with
additional properties (RU 2707344 C2)

The invention refers to manufacture of new materials
and can be applied in production of composite materi-
als that are characterized by a set of strength properties
[2]. The technical solution is boosted range of high-
strength polymers with additional useful properties, im-
proved process technology and production efficiency.
The new technical result is achieved due to elimination
of the main drawback of the existed methods: the effect
of fragile destruction under uniaxial tension, and thus,
strength properties of composite were kept or increased.
All that was possible due to even shift of material under
simultaneous application of outer compression pressure.
The technical result is a method to produce composite
with amorphocrystalline polymer and nanoscale addi-
tive. These are stages of the method: at first amorpho-

crystalline polymer and nanoscale additive in the form
of powder are mixed and then the mixture is deformed
that caused uniaxial orientation of polymer molecules
under the condition of even shift when outer compres-
sion pressure is applied between demolitions and plate,
long ribbon or film line.

A method to produce metal composite material with
disperse phase based on carbide (RU 2707055 C1)

The invention refers to nanotechnology and powder
metallurgy, particularly to composite materials with metal
matrix and nanoscale strengthening carbide particles [3].
The technical result is improved strength properties and
heat resistance of composite material based on ferrum
that contains titanium carbide and silica carbide as dis-
perse phase. These are the stages of the method: prepara-
tion of powder mixture from matrix metal with ceramic
nanoscale particles, compression moulding and pressure
sintering. Titanium carbide or silica carbide which size is
5—50 nm are used as nanoscale particles. Prior to mixture
preparation the surface of ceramic nanoscale particles is
processed with vapours of ferric chloride FeCl,, after that
it is exposed to water vapour treatment in the flow of dry
rare gas. Then simultaneous treatment by ferric chloride
FeCl, vapours and water vapours in in the flow of dry rare
gas is performed. Further the surface of ceramic nanoscale
particles is processed in reducing environment H, and lat-
er under room temperature for 30 minutes. The obtained
ceramic nanoscale particles with metal coating are mixed
with powder of pure ferrum o-Fe which size is 60—80 nm
and are compressed, then they are heated in mould to
480°C with further final hot compression. All that provide
increased strength and thermal resistance of the material
that can be used in production of gas-turbine power unit
and cutting tools.

A method to produce composite nanostructures powders
based on graphene and oxide Al, Ce and Zr (RU 2706652
Cl)

The invention refers to nanotechnology and can
be used in production of supercapacitor, fuel cells,
electrodes of lithium-ion batteries, biofuel cells, light-
emitting diodes, electro- and photochrome devices,
photocatalysts and hydrogen storage devices [4]. Tech-
nical result is achieved due to the fact that a method
to produce composite nanostructures powders based
on graphene and oxide Al, Ce and Zr employs combi-
nation of sol-gel synthesis and sonochemical method
of obtaining oxygen-free graphene in emulsion N,N-
dimethyloctylamine-water from synthetic graphite in
acidulous media. In this case sources of metals are
0,05M nitrate solutions that are transformed into sols
by acetylacetone and N,N-dimethyloctylamine. When
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freshly-prepared metal-containing sol stabilized by
N,N-dimethyloctylamine links together oxygen-free
graphene suspension also stabilized by emulsion con-
taining N,N-dimethyloctylamine (Pickering emulsion)
graphene sheets fixed on oil-water interface area and
particles of metal-containing sol. As a result, during
the process of gelling action and thermal treatment in
the air formation of nanostructured composite particles
relating to Van der Waals systems takes.

Coaxial regular nano-mesostructures, a method to pro-
duce them and a method to produce microcapsules from
these structures (RU 2703624 C2)

The invention refers to chemical material science
and can be used in production of detectors of chemi-
cal formula, electrochemical current sources, catalyst
carriers, chemical reagents, marks, chromatographic
phase or medication in microcapsules [5]. Sets of car-
bon vertically-oriented nanotubes from carbon hydrate
with ferrocene on the highly defect silica surface are
synthesized under the temperature from 600—1000°C.
To form highly defect surface monocrystalline silica
is processed with abrasive paste and later is pickled by
fluohydric acid. That resulted in coaxial regular carbon
nano-mesostructures formed from chaotically bound
carbon nanotubes that are stable three-dimensional
configuration the basis of which is the topology of hol-
low round cylinder with outer diameter 1—60 um and
ratio of the length to outer diameter is from 10 to 10%.
The obtained carbon nano-mesostructures are milled,
screened and classified by size. The flanks of obtained
microcapsules are opened exposing them to oxidation
by thermochemical or electrochemical treatment. For
thermochemical treatment atomic or molecular oxy-
gen or ozone are used. For electrochemical treatment
electrolysis is performed in alkali, acid or ammonium
chloride solution. The inventions allow manufacturing
carbon nano-mesostructures of stable sizes and forms
reproduced in synthesis as well as extending application
area due to filling hollows of microcapsules with different
substances and fillers.

Anodic material for lithium-ion battery and a method
to produce it (RU 2703629 C1)

The invention refers to lithium electromechanical
energy, in particularly to anodic materials of lithium-
ion batteries (LIB) used in energy supply for large-scale
energy plants of hybrid and electric vehicles, uninter-
ruptible power supply, robotics device, autonomous
instruments and others [6]. This type of material is pre-
sented by nanostructured titanium dioxide doped by
zirconium in crystalline modification of bronze, relating
to solid solutions with formula Ti;_Z_O,(B), in which

I—x"rx

x = 0,03—0,06. To obtain it, hydrothermal treatment
of anatase titanium dioxide nanoparticles in alkaline
medium is carried out in presence of zirconium oxy-
chloride ZrOCl,«8H,0 for 48—96 hours under the tem-
perature no less than 150°C and no more than 170°C.
Then ion exchange is performed for 72 hours in 0,05 M
hydrochloric acid solution and change it every 24 hours.
Precipitation is separated in centrifuge, is flushed out
in distilled water to pH?7, is dried in the air for 12 hours
under the temperature 90°C and is tempered. This in-
vention increases stability of anodic material structure
in cycling process at least up to 90 cycles of charge/
discharge.

A method to rise breaking strength of composite
material by preliminary impregnation of carbon fibers with
carbon nanotubes (RU 2703635 C1)

The invention refers to the methods used to increased
strength characteristics of formed composite structure
due to improved interaction between carbon fiber and
epoxy matrix [7]. To rise breaking strength of composite
a surface of carbon fibers is modified by carbon nano-
tubes (CNT). CNT is applied on the surface of carbon
fibers by means of impregnation of carbon fibers with
solution of CNT in 2-propanol with CNT concentra-
tion 200—500 ug/ml. Solidifier is added into solution:
aminoethylpiperazine or pentacthylenehexamine, with
concentration 150—250 ug/ml. The impregnation of car-
bon fibers with the solution is performed by total sinking
modified carbon fibers in the solution that is additionally
heated up to 80—85°C. That provides rise of composite
strength due to formation of the CNT web connected
with carbon fibers.

A method to produce volume microscale structures from
nanoparticles and a device to perform it (RU 2704358 C1)

Group of inventions refers to additive production
of volume microscale structures from nanoparticles by
agglomerating nanoparticles on the platform [8]. At first,
a flow of aerosol with nanoparticles in impulse-periodic
gas discharge is obtained in transport gas flow. Then
aerosol with nanoparticles is heated in transport gas flow
providing obtaining spherical nanoparticles of specified
size. After that aerosol flow with nanoparticles is trans-
ported to the head with nozzle to focus it on the plat-
form. This aerosol flow with nanoparticles is supplied
into the nozzle simultancously with protective gas to
provide focus of the aerosol flow with nanoparticles on
the platform and the nanoparticles from the focused
aerosol flow are precipitated on the platform. Precipi-
tation and agglomerating of nanoparticles on the plat-
form is carried out in the protective gas, created under
the nozzle. A device to perform the given method has
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been designed. This device provides manufacturing vol-
ume microscale structures of high quality and improves
sanitary conditions of production.

A method to produce carbon metal-containing nano-
structures (RU 2704433 C2)

The invention refers to chemical industry and ma-
terial science and can be used in manufacture of addi-
tives that improve quality of materials [9]. The mixture
of organic and metal-containing substances is grinded.
Organic substances of cyclic or acycle structure with side
functional groups, for example, polyethylenepolyamine
or isomethyltetrahydrophthalic anhydride, or diglycidyl
ether of ethylene glycol are used. Oxides of such 3d-met-
als as copper, iron or nickel are used as metal-containing
substance. Then processed mixture is exposed to stage
heating without air under the temperature 100—400°C.
After that the mixture is mechanically grinded to par-
ticle size 10—500 nm. Carbon metal-containing nano-
structures in the form of nanospheres are obtained. The
technical result — increased quality of characteristics
of materials modified with carbon metal-containing
nanostructures.

Antistatic floor coating with carbon nanotubes
(RU 2705066 C2)

An electro-static discharge is a serious danger in in-
dustry as it can cause inflammation, explosion or disrupt
electric equipment. Antistatic floor coating is designed
to decrease the risk of such accidents. Concrete or ce-
ment floor coatings possess natural antistatic properties
but due to lack of aesthetic attractiveness, easy cleaning
and sterilization, resistance to thermal, mechanical and
chemical impacts are often improper choice. Contrarily,
polymer coatings possess all these properties and due to
them they are widely applied in industrial objects, produc-
tion, storage and residential buildings.

The invention refers to antistatic floor coatings and
can be used in manufacture of coatings of such types
[10]. Antistatic floor coatings contains hardenable poly-
urethane resin and filler in the form of single-wall carbon
nanotubes in quantity 0,001—0,1 mass.%. Floor coating
with antistatic properties possess good uniformity and
can be painted in many colors without loss of antistatic
coating properties — color grade is at least 200 indices
according to RAL scale. Resistance of floor coating is
less 10°Q, measured according to the standard ASTM
F 150-06(2013).

These are inventions in nanotechnological area that can
be interesting for specialists:

A method of introduction of single-shell and/or dou-
bleshell and/or multi-shell carbon nanotubes in ad-
hesive additive composition for asphalt coating and
application of single-shell and/or double-shell and/
or multi-shell carbon nanotubes as a part of adhesive
additive composition [11].

Hydrocatalytic processes of heavy oil fraction cycling
with perspective nanoscale catalysts [12].
Wastewater treatment system based on nanomodified
natural sorbents [13].

A method of electroimpulse application of hardening
powder coating on steel part surface and a device to
perform it [14].

Strengthening of Aluminum Wires Treated with A206
[15].

Construction structural element [16].

Mechanical and microstructural properties of cement
pastes containing carbon nanotubes and carbon nano-
tube-silica core-shell structures, exposed to elevated
temperature [17].

Smart, mobile and autonomous station for collection
and accumulation of solar and electric energy [18].
A new composite material, containing ferrum and
graphene oxide compound [19].

A method to produce nanoporous polymers [20].
Strength and durability of cement mortars containing
nanosilica and waste glass fine aggregate [21].

A method of nonchemical treatment of quarry and
residual water [22].

CONCLUSION

It is known that it is precisely the popularization and
introduction of inventions that is an important factor
for the success of many successful companies. For ex-
ample, General Electric, which entered world history as
one of the most innovative companies of the 20" cen-
tury, is a company that was originally listed in the Dow
Jones index in 1896 and is still there. Therefore, we hope
that the information published in this section will be in
demand and useful for specialists. Confirmation that
articles from the «Invention Review» column are par-
ticularly popular is information on the number of views
of materials, for example, in the full-text database of open
access scientific journals Open Academic Journals Index
OAJI (USA), link — http://oaji.net/ journal-detail.html?
number = 6931.
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OCHOBHAA YACTb

Crioco0 mory4eHns1 OTHECTOMKUX IpeBeCHO-TI0IAMEP -
HBIX KOMIIO3UTOB HA OCHOBE BTOPHUYHBIX l'lOJ'll/IOJ'[e(l)l/IHOB
(RU 2703539 C2)

H306peTeHI/Ie OTHOCUTCS K TEXHOJIOTUU TTOJTYyYEHUS
OTHECTOMKMX IPEBECHO-TIOTUMEPHBIX KOMITO3H-
nruoHHBIX MaTepraiioB (AI1K) m MoxkeT OBITh MCITOJb-
30BaHO B CTPOUTEILCTBE, aBTOMOOMIIECTPOCHUH, CY-
MOCTPOCHUH, MAIIMHOCTPOCHNH, MEOCITHHOM 1 IPYTUX
oTpacigx npombnuieHHOCTH [1]. Cmoco6 BKITIOUaeT
CYIIIKYy KOMITOHEHTOB KOMIIO3WUTa, UX CMEIIICHE U Tep-
ModopMoOBaHUE ITyTeM 3KCTPY3UHN B SKCTPY3MOHHOMN
ycraHoBke Tima Co-Kneader mpu Temmieparype mepepa-
601ku ot 120°C 10 150°C co cKOpOCTHIO BpaIlleHHS IITHE-
Ka ot 350 mo 450 06/MWH ¥ TTOCTICIYOIICH TPaHyIISIINN.
ITpu aToM KoMmo3uT comepkutT ot 5,0 mo 10,0 mac.u.
BTOpPUYHOTO mojuojiepuHa, ot 29,5 mo 38,5 mac.u.
JIpeBecHOTo HarojaHuTend, oT 5,0 o 10,0 mac.4. aHTU-
NMUPUPYIOUIE U CUHEPTETUYECKOU HAHOPa3MEpPHON
nmo6asku 1 oT 0,5 1o 1,5 Mac.4. TEXHOJIOTMYECKOM J10-
6aBKku. B cocTaB aHTUIIMPHUPYIOIIEH I CHHEPTETIHUECKOM
HaHOpa3MepHOU 100aBKU BXOIUT pochopcoaepKalimii
AHTUIPEH, OPTaHMIECKN MOTU(UITNPOBAHHAS CHUHTE-
THYECKasl TJIMHA Ha OCHOBe Mg-Al CIIOMCTBIX TBOWHBIX
TUAPOKCHUIOB M HAaHOpa3MepHBIH 6opat muHKa. [Tomy-
yeHHBbIN orHecTovikuit JIITK Ha ocHOBe BTOpMYHBIX MO-
Joe(pMHOB 00J1aJaeT BBICOKIMU 3KCIUTyaTallOHHBIMU
XapaKTepUCTUKAMH.

Cnoco06 mosyyeHus] YIpOYHEHHOT0 HAHOKOMIIO3HTA
¢ nonouuTeapHbiME cBoiicTBamu (RU 2707344 C2)

M3obpereHre OTHOCUTCS K 00J1aCTH TTOJyYEHUS HO-
BBIX MaTepHUAJIOB M MOXET HATH IIPUMEHEHUE TIPH CO3-
TAHUK KOMITO3UTHBIX MAaTEPHAJIOB, XapaKTepU3YIOIITIXCST
BBICOKHM KOMIIJICKCOM IIPOYHOCTHBIX TTOKa3aTeeir [2].
TexHUUECKUM pe3yIbTaTOM SIBJISICTCS pacIIMpeHNe ac-
COPTUMEHTA BBEICOKOIIPOYHBIX TTOJIMMEPHBIX MaTepH-
aJIOB C JOITOJTHUTEIbHBIMU TIOJIC3HBIMH CBOMCTBAMU,
TMOBHIIIICHNE TEXHOJOTMIHOCTH TIPOIIeCCa W TOBHIIIIe-
Hue 3(HEKTUBHOCTU Mpolecca mpor3BoacTBa. HoBbIi
TeXHUIECKUI pe3yabTaT JOCTUTHYT BCICACTBHUE TOTO,
YTO yIAJIO0Ch IIPEOHOJICTh TTIaBHBIN HEIOCTATOK N3BECT-
HBIX CITOCO00B — 3 (KT XPYIKOro pa3pyuieHus: mpu
OIIHOOCHOM PaCTSIKEHUU, M TEM CaMBIM COXPAaHUTD WIIA
TOBBICUTD ITIPOYHOCTHEIC CBOMCTBA KOMITO3UTHOTO Ma-
Teprajia. DTOrO yIajaoch JOCTUYD 3a CUCT peaTn3allii
OIHOPOITHOTO CABUTA MaTepHaja B YCIOBUSIX OTHOBpE-
MEHHOTO HAJIOKCHMST BHEITHETO CXXMNMAFOIIECTO JaBiie-
HUs. TeXHMIecKuii pe3yIbTaT JOCTUTACTCS CIIOCOOOM
TOJIydeHUSI KOMITO3UIIMOHHOTO MaTepuaja, ComepKa-
IIero aMopGHO-KPUCTAUITMUCCKII TIOJTMMEDP 1 HaHOpa3-
MEPHBII HaIOJTHUTENb. [1p1 3TOM cIToco0 3aKiTroJaeTcs

B TOM, UTO CHayajla CMEIIUBAIOT aMOP(PHO-KPHUCTAI-
JIMIECKUI TTOJIMMEP W HaHOpa3MEpHBIN HAIIOJIHUTEIb
B (hopMe TTOPOIIIKOB, 3aTeM CMECh ITOABEPTaroT aedop-
MaIliy, KOTopas IIPUBOIUT K OMHOOCHOI OpUEHTAIINN
MOJICKYJT TIOJTMMEepPa B YCIOBHSIX OMHOPOTHOTO CIBUTA
IIPY HAJIOXKEHUH BHEITHETO CKMUMAIOIICTO JaBICHUS
MEXIy BaJIKaMU C TIOJIy9eHUEM TUIACTUHBI, JUIMHHOMN
JICHTBI WU TDICHOYHOM HUTH.

Crioco0 moJrydeHuss MeTaLIHIECKOT0 KOMIIO3HIIHOH-
HOT0 MaTepuaJia ¢ TucnepcHoii ¢)a3oii HA OCHOBe Kapomuaa
(RU 2707055 C1)

M30o06peTeHre OTHOCUTCS K 00J1aCTU HAHOTEXHOJIO-
YUY ¥ TIOPOIIKOBOI METAJTYPTMH, @ UMEHHO K KOMIIO-
3ULIMOHHBIM MaTepHrajaM ¢ METaJUIMIECKON MaTpUIICH
1 HaHOPAa3MEPHBIMU YITPOUHSTIOIINMY YaCTULIAMU Kap-
6mnnoB [3]. TexHUYeCKUM pe3yabTaTOM M300peTeHUS
SIBJISICTCSI TIOBBIIIICHUE TIPOYHOCTHBIX XapaKTEPUCTUK
1 XKAPOITPOYHOCTU KOMIIO3ULIMOHHOIO MaTepualia Ha OC-
HOBE XeJje3a, ComepKallero B KaueCcTBE TUCTICPCHOMN
¢a3bl KapOua TUTAHA U KapOua KpeMHUSI.

Cr1oco6 BKITIOYACT IPUTOTOBJICHNE CMECH TTOPOIII-
Ka M3 MaTPUIHOTO MeTallJla ¢ KepaMUIeCKIMU HaHO-
pa3MepHBIMH YaCTHUIIAMHU, TIPECCOBAaHUE U CIIeKaHMe
IO JaBJIeHWeM. B KauecTBe HAaHOpPa3MEpPHBIX YaCTHII
HCITOJIB3YIOT YaCTHUIIBI KapOuaa TUTaHa MM KapOuma
KpeMHus ¢ pasmepoM 5—50 um. Ilepen mpuroToBiieHUEM
CMECH TIPOBOST MOATOTOBKY MOBEPXHOCTH KepaMMUUe-
CKHX HAaHOPAa3MEPHBIX YaCTHIL ITapaMU TPEXXIIOPUCTOTO
xenesa FeCl,, 3aTeM npoBoasT 06paboTKy napamu BOJIbI
B TOKE CyXOTO MHEPTHOTO ra3a, IocjIe Yero IpoBOISIT
OITHOBPEMEHHYIO 00pabOTKy ITapaMy TPEXXJIIOPUCTOTO
xenesa FeCl, u mapamu BOIbI B TOKE CyXOr0 MHEPTHOTO
rasa c IocjIenyoIeit nx 00paboTKOIT B BOCCTAHOBUTEIh-
HoM cpeze H), a 3aTeM npu KOMHATHO# TemIiepaType
B TeueHme 30 MmuHyT. [ToyueHHBIC KepaMUUECKIE Ha-
HOpa3MepHbBIC YACTHULIBI C METAITMYECKIM TTOKPBITHEM
CMEIIMBAIOT C TTOPOIIKOM M3 YMCTOTO Xeje3a o-Fe pas-
MepoM 60—80 HM M TTPOBOIAT MX IIPECCOBAHUE, TTOCIIE
Yyero HarpeBaloT B rpecc-dopme 10 480°C ¢ rtociienyro-
IIMM OKOHYATEJIFHBIM TOPSINM IipeccoBaHmeM. Ob6e-
CITCUMBACTCS TTOBBIIICHNE TIPOYHOCTHU U KAPOITPOUHOCTH
MaTepHaia, KOTOPHIA MOXET OBITh MCIIOIb30BaH IS
M3TOTOBJICHUS Ta30TyPOMHHBIX YCTAHOBOK 1 PEXKYIIIETO
WHCTPYMEHTA.

Crioco0 nmosryyeHnst KOMIIO3UTHBIX HAHOCTPYKTYPHPO-
BAHHBIX MOPOINKOB HAa 0CHOBe rpadeHa n okcuaos Al, Ce
u Zr (RU 2706652 C1)

M300peTeHne OTHOCUTCST K HAHOTEXHOJIOTUH M MO-
KeT OBITh MCIOJIb30BaHO IIPU M3TOTOBICHUN CYIIEpP-
KOHIIEHCATOPOB, TOTIIMBHBIX 3JICMEHTOB, 3JICKTPOIOB
JINTU-NOHHBIX O0aTapeil, OMOTOIINBHEIX STYECK, CBE-
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TOM3IYYAIOIINX TNMOJO0B, 3JIEKTPO- M (POTOXPOMHBIX
YCTPOUCTB, (POTOKATATN3ATOPOB M YCTPOMCTB IS Xpa-
HeHus Bogopona [4]. TexHuaecKuii pe3yIbTaT JOCTUTa-
€TCSI TEM, UTO B CITOCO0E TTOTyICHUSI HAHOCTPYKTYPHUPO-
BaHHBIX KOMITO3UTHBIX ITOPOIITKOB Ha OCHOBE rpacdeHa
n okcunoB Al, Ce 1 Zr UCITOIb3yeTcss KOMOMHUPOBAHNE
30JIb-TeJIb CUHTE3a I COHOXUMMYIECKOTO METO/IA TIOJTY-
yeHUs1 0eckuciaopoaHoro rpadeHa B amyabcund N,N-
TUMETIIOKTIIAMIUH-BOIA U3 CHHTETHYECKOTO rpacdhuta
B IIOIKUCICHHOI cpene. [1pm 3ToM B KauecTBEe MCTOUHMU-
KOB MeTaII0B NCTonb3yioT 0,05M pacTBOpE HUTPATOB,
KOTOpBIC TIEPEBOIST B 30JI1 C TIOMOIIIBIO alleTHJIAlleTOHA
1 N,N-gumetrinoktuaamuHa. [1pu coenuHeHUn cBexe-
TIPUTOTOBJICHHOTO METAJLI-COMEPKAIIETO 30JIsI, CTa0u-
JT3UPOoBaHHOTO N, N-TUMETIIOKTHIIAMIHOM, C CYCTICH-
31ei 6eCKUCIOpOaHOro rpadeHa, cTabuaIn3npoBaHHON
takke N, N-IMMeTIIOKTAIIaAMIH-COIepKaIeii SMYJTb-
cueit (amynbens [IukepuHTa), TPOUCXOOUT B3aMO-
nmeiicTBre (DMKCUPOBAHHBIX HA TTOBEPXHOCTHU pasfeiia
a3 macmo-Boma MMcTOB rpacdeHa W YaCTUIl METaJlI-
comepKaliero 30is1. B pe3yabraTe mpu mocieIyIonnx
resico0pa30BaHU ¥ TEPMOOOPAOOTKE HA BO3MyXE ITPOHC-
XOIUT (hDOPMUPOBAHUE HAHOCTPYKTYPUPOBAHHBIX KOM-
TIO3UTHBIX YaCTHUII, OTHOCSIINXCS K BaH-AEP-BaIbCOBBIM
CHCTEeMaM.

KoakcuanbHbie perysisipHbie HAHOME30CTPYKTYPHI,
CIoco0 UX MOJyYeHHS H CIOCO0 IMOIydeHNsI MEKPOKATICY.JT
u3 3Tux cTpykryp (RU 2703624 C2)

M306peTeHre OTHOCUTCS K 00JIaCTU XMMUYECKOTO
MaTepHalIOBEeIeHUS M MOXKET OBITh MCITOJIb30BAaHO TP
W3TOTOBJICHNU JAaTINKOB XMMUIECKOTO COCTaBa, DJICK-
TPOXUMHUUYECKIX NCTOUHNKOB TOKa, HOCUTEJICI KaTajIu-
3aTOPOB, XUMHUECKHNX Pear¢cHTOB, METOK, XpOMAaTOIpa-
(rueckux da3 MM D036l JIeKapCcTBa B MUKPOKATICYJIax
[5]. CuHTE3UPYIOT MacCUBBI YIVIEPOIHBIX BEPTUKAITBLHO
OPHMEHTHPOBAHHBIX HAHOTPYOOK M3 yIJIEBOIOpoIa ¢ (ep-
pPOIICHOM Ha BEICOKOAEC(EKTHOI TTOBEPXHOCTH KPEMHUS
npu Temmeparype or 600—1000°C. dasa ¢opMmuposa-
HUS BEICOKOIE(EKTHOM ITOBEPXHOCTA MOHOKPHCTAI -
JINYECKUI KpeMHU 00pabaThIiBalOT a0pa3nBHOI 1TaCTOM
C TIOCJICAYIOIINM TPaBJIICHUEM ITABUKOBOM KUCIIOTOIA.
[TonyJaroT KoaKCHaabHBIC PETYIISIPHBIC YIIEpOIHBIC Ha-
HOME30CTPYKTYPBI, CPOPMUPOBAHHBIC U3 XaOTHIECCKHU
TIepeTUIETCHHBIX YIJIEPOTHBIX HAHOTPYOOK, 00Pa3yIOIINX
YCTOMUYMBYIO TIPOCTPAHCTBEHHYIO (POPMY ¢ KOHPUTY-
palmeif, B OCHOBE KOTOPO¥1 JICXKUT TOITOJIOTHSI TIOJIOTO
KPYroBOIO LIMIMHAPA C BHEIHUM TuaMeTpoM 1—60 Mkm
TIpY OTHOIICHUHN IJIMHBI K BHEITHEMY IramMeTpy oT 10
1o 10% TToxydeHHBIE yriIepOIHbIC HAHOME30CTPYKTYPHI
M3METbYAIOT, IIPOCENBAIOT M KJIIACCU(UIIMPYIOT IO pa3-
Mepy. TopIel MOIydeHHBIX MUKPOKATICYJI OTKPHIBAIOT,
TIOBEPrast MX OKUCICHUIO IyTeM TePMOXUMITIECKOM TN
3JEKTPOXUMUUECKOI 00paboTku. [1y1st TepMoXuMmye-

CKOIt 06pabOTKM MCTIONB3YIOT AaTOMAPHBII MIIK MOJICKY-
JISIPHBIA KUCIIOPOM, WX 030H. 715 3JIeKTpOXUMIIECKOM
00padOTKM TIPOBOISIT JIEKTPOJIN3 B PACTBOPE IIEIOUH,
KHCJIOTHI WJIX XJIopuaa aMMoHus. M300peTeHUS T10-
3BOJIAIOT TTOJIYYaTh YIJICPOTHBIC HAHOME30CTPYKTYPHI
YCTOMYUBBIX pa3MepoB U (POPMEI, BOCIIPOU3BOIUMEIC
B pe3yJIbTaTe CUHTE3a, a TAKKE PACIIMPUTE 001aCTh IIPHU-
MEHEHMS 3a CUCT 3aIIOJTHEHUS TTOJIOCTE MUKPOKATICYT
PA3IMIHBIMA BeIIeCTBAMH W HATIOJTHUTEIISIMIU.

AHOTHBII MATePHAJI ISl JINTHi-HOHHOTO AKKYMYJIATOpA
u cnocod ero moxydenus (RU 2703629 C1)

MN300peTeHne OTHOCUTCS K 00JacTy JUTUEBOM
BJICKTPOXUMMUIECKON SHEPTeTUKHU, B YACTHOCTU K aHOI-
HBEIM MaTepHajiaM JIUTUH-NOHHBIX aKKyMYJISITOPOB
(JIMA), mpuMeHSIeMBbIX IUISI SHEPro0O0eCIICUCHMS KPYII-
HOTabapUTHBIX YHEPTOYCTAHOBOK THOPUIHOTO U DJICK-
TPUUECKOTO aBTOTPAHCIIOPTA, CUCTEM OecItepeOoifHO-
T'0 BJIEKTPOCHAOXKEHMSI, POOOTOTEXHUUECKUX CPEICTB,
aBTOHOMHBIX aIlnapaTtoB U T.11. [6]. B KayecTBe Tako-
ro MaTepurasa IpemiokeH HAaHOCTPYKTYPHUPOBAaHHBIN
TOMUPOBAHHBIN IMPKOHUEM TUOKCUI TUTAaHA B KPH-
CTAJUIMYECKON Moau(UKAIINU OPOH3, OTHOCSIITUIACS
K TBEpIBIM pacTtBopam, ¢ ¢opmynoit Ti, Z O,(B),
rae x = 0,03—0,06. 151 ero mojay4eHust IPOBOIST -
IpOTepMaIbHYI0 00padOTKY B IIEJIOYHON cpele Ha-
HOYACTHUIl TMOKCHIA TUTaHA B MOTM(PUKAIINNA aHATa3
B IIPUCYTCTBMM OKcuxytopuaa uupkonus ZrOCL,«8H,0
B TeueHue 48—96 u npu teMmneparype He meHee 150°C
n He 6ojiee 170°C. 3aTeM OCYIIECTBIISTIOT MOHHBIN 00-
MeH B TeueHne 72 4 B 0,05 M pacTBOpe COJITHOM KUC-
JIOTBL C €T0 3aMeHOl Kaxable 24 4. OcamoK OTOEISIOT
Ha LeHTpudyre, IPOMbIBAIOT IMCTUIMPOBAHHON BO-
nmoit no pH7, cymar Ha Bo3myxe B TedeHue 12 9 mpu
temmiepatype 90°C u mpoBonaT oTxur. U3obpeTeHue
ITO3BOJISIET YBEJIMUNUTh YCTOMYUBOCTD CTPYKTYPHI AaHOI -
HOTO MaTepHralia B Impollecce IMMKINPOBAHUS KaK MU-
HuUMyM 10 90 IMKIIOB 3apsiga/paspsiaa.

Cnoco0 noBbINIeHNsI MPOYHOCTH HA PA3PhIB KOMIIO3UT-
HOro MaTepuaJia ¢ MOMOIIbIO MpeIBAPUTETHHOM POMUTKH
YIJIeBOJIOKOH yriiepoaubiMu Hanotpyokamu (RU 2703635
C1)

M3006peTeHre OTHOCUTCS K CIOCO0aM TMOBBILIEHUS
IIPOYHOCTHBIX CBOMCTB (POPMUPYEMOIT KOITMITO3UTHOMN
CTPYKTYPHI 3a CUET YIYUIIICHNS B3aNMOICIICTBHS yIIIe-
BOJIOKHA 1 SMOKCUIHOM MaTpullbl [7]. 7151 MOBBILLIEHUS
IIPOYHOCTH HAa pa3pbIiB KOMIIO3UTHOTO MaTepHaia MO-
ITUOULIMPYIOT HOBEPXHOCTD YIJIEBOJOKOH YIJIEPOIHBIMU
HaHotpyokamu (YHT). YHT HanocsT Ha IOBEpXHOCTh
VTJIEBOJIOKHA C TTOMOIIBIO TPOIUTKH YIJIEBOJIOKOH
pactBopoM YHT B 2-mmpomnaHoiie ¢ KOHIIEHTpaluei
YHT B mnamazone ot 200 mo 500 mxr/mMi. K pacTBo-
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py 100AaBISIIOT OTBEPAUTE/b: AMUHOATHIIIAIIEPA3UH
WIN IEHTa3TWIEHIeKCAaMUH, ¢ KOHIeHTpaLuei oT 150
10 250 Mxr/Mi1. [TponUTKY YIJIEBOJIOKOH PacTBOPOM OCY-
LIECTBISIOT ITyTEM IOJIHOTO MOIPYKEHUSI MOAUDULIPY-
€MbIX YIJIEBOJIOKOH B PACTBOP, KOTOPbIIA JOIMOJIHUTEILHO
noxorpeBaloT 1o TemrepaTtypbl 80—85°C. ObecneunBa-
€TCsI TIOBBIIIIEHIE MEXaHNYECKOM IPOYHOCTH KOMITO3UTA
3a cueT (hOPMUPOBAHMUSI CETKU YIJIEPOIHBIX HAHOTPYOOK,
CBSI3aHHOI1 C YIJIEBOJIOKHOM.

Crioco0 u3roToBJeHns1 00'beMHBIX MUKPOPA3MePHBIX
CTPYKTYP M3 HAHOYACTHII U YCTPOHCTBO IS €T0 OCYHIECT-
saenus (RU 2704358 C1)

I'pynma n300peTeHNIT OTHOCUTCS K aATUTHBHOMY
M3TOTOBJICHUIO O0BEMHBIX MUKPOpPa3MEePHBIX CTPYK-
TYp M3 HAaHOYACTUIl MyTeM CIIeKaHUS HaHOYaCTHUI]
Ha nmogyoxke [8]. [Toay4aroT MOTOK a3po30J1s ¢ Ha-
HOYACTUILIAMU B UMITYJIbCHO-TICPUOINICCKOM Ta30BOM
paspsize B IIOTOKE TPAHCIIOPTHOTO Ta3a, 3aTeM IIPOn3-
BOJISIT HarpeB a3po30JIsl C HAHOYACTUIIAMU B ITOTOKE
TPAHCIIOPTHOTO ra3a ¢ obecTIedYeHIEeM ITOTYICHNS Ha-
HouacTull cpepudeckoit ¢opMbl TpeOyeMOro pa3me-
pa, TpaHCIIOPTUPYIOT MOTYISHHBIN ITOTOK a3p030JIs
C HAaHOYACTHUIIAMU K TOJIOBKE C COTLIOM IJIsT (DOKYCH-
POBKM €T0 Ha MOIIOXKE, TOIAI0OT B YKa3aHHOE COILIO
TIOTOK a3pO030JisI C HAHOYACTUIIAMU ¥ OJHOBPEMEHHO
3aIIUTHBIN Ta3 ¢ obecrieueHrneM (OKYCHUPOBKH ITOTO-
Ka ad’po30JIsI HAHOYACTUI] Ha MOMIOXKE U OCaXKIAIOT
HAHOYACTUIIH 13 C(POKYCHUPOBAHHOTO ITOTOKA a3po-
30J1 Ha MOMJIOXKY. OcaxaeHne U clieKaHne HaHO-
YaCTHUIL Ha TTOIIOXKKE BEIyT B aTMOcdepe 3allIUTHOTO
rasa, KOTOPYI CO3HaoT 1o corioM. [IpemnoxeHo
YCTPOWCTBO IJIs1 OCYIIECTBIEHUS YITOMSTHYTOTO BbIILIE
crmocoba. ObecreunBaeTCs M3TOTOBIICHNE KAUeCTBCH-
HBIX 00BEMHBIX MUKPOPa3MEPHBIX CTPYKTYP TP YIIyd-
IIEeHUN CAHUTAPHO-TUTUCHUYECKUX YCIIOBUI ITPOU3-
BOJICTBA.

Crioco0 moJydeHus! YIiIepoIHbIX MeTAJLICOIePKAIIIX
Hanoctpyktyp (RU 2704433 C2)

M300peTeHrne OTHOCUTCST K XUMUUECKOM TIPOMBIIII-
JICHHOCTH ¥ MaTepHaJIOBEICHUIO M MOXET OBITh MC-
TOJIb30BAHO TIPU M3TOTOBJIICHUU T00AaBOK, YyUIlIaio-
IUX cBolicTBa Matepuayion [9]. CMech OpraHNMYECcKOTo
¥ METaJUICOAEePXKAIleTo BellecTBa MeXaHMIECKH 00pa-
0aTBIBAIOT ITepeTUpaHneM. MICIIONMb3yIoT opraHnuecKue
BEIIeCTBA IIUKIMYECKOTO M allUKINICCKOTO CTPOCHUS
¢ 60KOBBIMU (DYHKITMOHATILHBIMU TPYIITIAMHU, HATIPIMED
TIOJTMATIICHIIONIMAMIH, WA N30METUITeTparuapodra-
JIEBBIN aHTUAPUI, VTN TUTTTALVIIOBEII (Up STIICH-
mIMKOJIA. B KauecTBe MeTayuicomepsKaIiero BeliecTBa
WCITOJIB3YIOT OKCHIBI TaKMX 3d-MeTa/ioB, KaK Melb,
JKeJIe30 MM HUKEJIb. 3aTeM 00paboTaHHYIO CMECh TTOI-

BEPTaIOT CTYIIEHYATOMY HarpeBy 0€3 I0CTyIa BO3ayxXa
B uHTepBaje temireparyp 100—400°C. ITocie cTyreHya-
TOTO HarpeBa CMeCH IMPOU3BOIAT €€ MEXaHNYECKOE M3-
MeJIbYeHMEe 10 pa3MepoB yacTull B rmpenesax 10—500 Hm.
Iosy4aroT yriepoaHble METAICOAEPKALIE HAHOCTPYK-
TyphbI B BuIe HaHocdep. TexHndecKuii pe3yabTaT — I10-
BBILIEHME KAYECTBEHHBIX XapaKTEPUCTUK MAaTePHUAJIOB,
MOIU(ULIMPYEMBIX YIIIEPOIHBIMU METAIICOAEPKAIIMMA
HaHOCTPYKTYPaMMU.

AHTHCTATHYECKOE HANOJIbHOE OKPBITHE C YIJIEPOIHbI-
mu Hanotpyokamu (RU 2705066 C2)

B mpoMBIIIIIEHHOM cpelie 2JIeKTPOCTaTHISCKII pa3-
PSII TIPEACTaBIIsIeT CO00M Cephe3HYIO YTPO3Y, IIOCKOIBKY
MOXXET BBI3BaTh BOCIUIAMEHEHNE, B3PHIB MU BHIBECTH
W3 CTPOsI BJICKTPOHHOE 000pyIoBaHMEe. AHTUCTATHYC-
CKME HAIOJIbHBIC TTOKPBITHS IIPU3BaHBI CHU3UTH PUCK
BO3HMKHOBEHWSI TAKMX IIPOUCIIECTBUI. beTOHHBIC Min
IIEMEHTHBIC HAITOJIbHBIC TTOKPHITHUSI 00Iagat0T aHTH -
CTaTUYECKNMHU CBOMCTBAMH II0 CBOEH IIpHUpPoIe, HO HE
BCeT/Ia SABJISIOTCS TTOIXOASIIINM BEIOOPOM BBHUIY OTCYT-
CTBUSI PsIIa BaXKHBIX KAUeCTB, a MUMEHHO, 3CTeTUYCCKas
IIPUBJICKATEILHOCTD, IIPOCTOTA B OUMCTKE U CTCPIIIH -
3alliH, YCTOMIMBOCTD K TEPMUUECKUM, MEXaHIICCKIM
1 XUMUIECKUM BO3ICHCTBUSIM. DTUMU CBOMICTBAMH 00-
JIagaloT TTOJIMMEPHBIC TIOKPBITUS, O1aromaps YeMy OHU
HaXoIAT IIMPOKOe IIPUMEHEHNE Ha IIPOMBIIIJICHHBIX
00BEKTax, B IPOM3BOICTBEHHBIX, CKIIANCKUX W JKUJTBIX
ITOMEILEHUX.

M3obpeTreHne OTHOCUTCS K aHTUCTATUYECCKUM Ha-
ITOJIBHBIM ITOKPBITUSIM 1 MOXKET MCITOJIb30BaThCS TIPHU
MMPOU3BOJICTBE MOKPBITHI JaHHOTO THMA [10]. AHTHCTA-
THYECKOE HAITOJIbHOE IMIOKPHITUE COAECPKUT OTBEPKIac-
MYIO TIOJINYPETAaHOBYIO CMOJTY 1 HAIIOJTHUTEIb B (popMe
OIHOCTCHHBIX YIVIEPOIHBIX HAHOTPYOOK B KOJIMUECTBE
0,001-0,1 macc.%. HamonbHOE MOKPBITHUE C AaHTUCTA-
THYCCKUMHU CBOMCTBAMM 00JIaacT XOPOIIEH OTHOPOI-
HOCTBIO I BOBMOXKHOCTBIO OKPAIIMBAHUS B IIMPOKOM
IHamna30He [IBETOBOI TaMMBI 0€3 TTOTepH aHTUCTaTHIC-
CKHX CBOMCTB IOKPBITHS — IIBETOBAsI TAaMMa ITOKPHITUS
cocrasigeT He MeHee 200 mHaekcoB 1o mkaine RAL.
HarmonpHOE TTOKPBITHE NMEET COIPOTUBIICHUE MEHEe
10°Q, usMepeHHOE B COOTBETCTBUM CO CTaHAAPTOM
ASTM F 150-06(2013).

TaxzKe nMpeaCTaBIAIOT MHTEPEC LIS CHENUAIUCTOB CJie-
JyIoIie H300peTeHus B 00,1aCTH HAHOTEXHOJIOTHIA:

* Cnocob BBeIeHUSI OMHOCTCHHBIX W/WJIN ABYCTCH-
HBIX 1/ MHOTOCTEHHBIX YTJICPOIHBIX HAHOTPYOOK
B COCTaB aATe3MOHHBIX J0OABOK IS ac(haIbTOBOTO
ITOKPBITHS ¥ TIPUMEHEHUE OMHOCTCHHBIX 1/ WJIHN IBY-
CTEHHBIX 1/WJI MHOTOCTCHHBIX YTJICPOIHBIX HAHO-
TpyOOK B cOCTaBe aAre3nOHHBIX 100aBoK [11].
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* T'mapokaTaquTHYECKUeE TIPOIIECCHI TTepepadbOTKH TSI-
JKEJTBIX He(DTSIHBIX (DpaKIINIA C MCITOIh30BAHUEM TIep-
CIMEKTUBHBLIX HAHOPa3MEPHBIX KaTaun3aTopos [12].

* CucremMa OYMCTKH CTOYHBIX BOJ C MCTIOJIb30BAHUEM
HaHOMOIN(MUIIMPOBAHHBIX IIPUPOTHEIX COPOCHTOB
[13].

* Cnoco06 3JeKTpOUMITYJIbCHOTO HAaHECEHMST YIIPOU-
HSTIOIIIETO TTOKPBITHS M3 TIOPOIIKA HA TTIOBEPXHOCTh
CTaJIbHOM MeTal U YCTPOMCTBO TSI €TO OCYIIECT-
BiieHus [14].

*  YrnpouyHeHue aTlOMUHUEBBIX IIPOBOJIOK, 00paboTaH-
HBIX HaHOKoMMo3uTamu ¢ A206 [15].

*  CTpouTeNIbHBIN KOHCTPYKIIMOHHBI 3JIeMeHT [ 16].

*  MexaHnYecKre 1 MUKPOCTPYKTYPHBIC CBOMCTBA IIe-
MEHTHBIX TIaCT, COAEPKAIINX YIIIepOTHBIC HAHOTPYO-
KU ¥ CTPYKTYPHI, YIICPOIHYIO HAaHOTPYOKY-KpEeMHE-
3eM, SIIPO-000JI0UKY, TIOIBEPTHYTHIC BO3ACHCTBHUIO
BBICOKUX Temmepartyp [17].

*  MoOuabHas 1 aBTOHOMHas CTaHLIMS 17151 cOopa U Ha-
KOTUIEHMSI COJTHEYHOM 1 2JIEKTpUIeCcKoii aHepruu [18].

*  HoBbli1 KOMIIO3UTHBIN MaTepra, CoaepKaliuii co-
eqMHEeHMe XeJe3a 1 oKcup rpacdena [19].

*  Crioco0b moJrydyeHHsT HAaHOIOPUCTHIX ToJimMepoB [20].

*  TIpoYHOCTD U IOJTOBESYHOCTH IIEMEHTHBIX PACTBOPOB,
comepKaIInX HAaHOKPEMHE3eM 1 METKUI 3aITOJTHM -
TeJIb U3 OTXOMIOB cTeKia [21].
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