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Purpose. To research tribotechnical characterization of the developed Cr-Si-B detonation nanocomposite coatings contain-
ing dry lubricant additives involving the dispersed molybdenum disulfide as an extra anti-friction component under vacuum
conditions.

Procedure. To accomplish D-Gun spraying, the nanocomposite powders obtained by mechanochemical synthesis by me-
ans of an IES-1-0.5 laboratory attritor [2] were used. The particles of dry lubricant (fractions from 3 to 10 mum) were mixed
with the starting metallic nanopowders using the aqueous method. The thickness of the sprayed detonation layer upon treat-
ment made up 0.20-0.25 mm, roughness was R.= 0.63-0.32, strength of cohesion with a base was o, = 87.5 MPa. The examinati-
on of the surface strength of the coatings when in friction, seizure susceptibility and a triboactivation degree have been evalua-
ted in terms of wear intensity in the vacuum with rarefaction of 1.33-107 Pa. The tribotechnical characteristics of the composite
coatings studied have been analyzed and compared with the values of VKI5 coating wear resistance and the surface layers
produced from a thermodiffusion alloying with boron, vanadium and chromium.

The up-to-date physical techniques including X-ray spectral microanalysis and scanning electron microscopy have been
applied to investigate rubbing surfaces.

Findings. By mechanochemical synthesis of starting materials, the nanocomposite powders composed of nanocomposite
homogeneous mixture have been obtained. Controlling the operation procedure of producing nanocomposites, the authors
succeeded in providing the desired chemistry. Moreover, the intended coating nanostructure with high resistance to wear un-
der friction loading in vacuum has been obtained while spraying.

Originality. High resistance to wear of the developed nanocomposite coatings containing a dry lubricant additive involv-
ing the dispersed molybdenum disulfide as an extra anti-friction component has been practically established and theoretically
substantiated. The effect of a coating structure and surface film composition on their operational characteristics has been
found.

Practical value. The evidence obtained expands the store of achievements in contemporary tribotechnical material sci-

ence and is of certain value in producing competitive products characterized by high service reliability.
Keywords: detonation coating, wear resistance, surface layer, structural adaptability, molybdenum disulfide

Introduction. The quality standards and reliability of
machinery are largely due to surface strength and wear resis-
tance of the usable materials. The surface strength of the ma-
terial subjected to friction remains to be one of the major
challenges in the domain of science and technology for it im-
plies studying the issues, both with theoretical and applied
methods, which require solution in a day-to-day engineering
practice. In spite of certain achievements the solution of the
problem still lags behind the present requirements. Thus, the
problems relating to wear resistance and surface strength un-
der the extreme operating conditions still remain to be of
paramount importance. These conditions involve not only
the limit loads and travel velocities but the ambient effects,
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vacuum, in particular, where a conventional lubricant is used
restrictedly.

The relevant scientific publications do not abound in rea-
sonable evidence on the effect of separate structural constitu-
ents in composite powder materials on the detonation coating
strength properties. Moreover, the data concerning the im-
pact of the molybdenum disulphide on the detonation coating
wear resistance under vacuum is virtually unavailable. So far
the principal method to develop coatings has been consid-
ered the empirical approach relying on a “composition-pro-
perties” relationship search.

In aircraft the bearings, gear and friction transmissions,
sliding guide members, end supports, reciprocating travel
twains, articulated joints, control surfaces system compo-
nents are parts whose sliding joints being operated under fri-
ction loads undergo wear leading to failures because of ad-
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hesion and seizure. Servicing and maintaining them in oper-
ating availability are among the primary engineering chal-
lenges for aircraft maintenance systems [1]. Furthermore,
antifriction wear resistant coatings are widely adopted to en-
sure reliable operation of friction assemblies in equipment
used by minerals industry and operating under specific con-
ditions [2].

Material and Research Technique. The materials to be
sprayed were prepared following the procedure set forth in
the paper [3]. The particles of dry lubricant (fractions from 3
to 10 mpm) were mixed with the starting metallic powders
using the aqueous method, the mixture subsequently being
dried to remove the moisture completely. D-gun spraying of
the coatings was performed using the technology and equip-
ment designed in IPMS NASU.

The thickness of the sprayed detonation layer upon tre-
atment made up 0.20-0.25 mm, its roughness was R,= 0.63-
0.32, strength of cohesion with a base made o.,,= 87.5 MPa.
Testing under vacuum was conducted using an apparatus in-
tended for the laboratory experimental evaluation of tribo-
technical materials [4]. Examination of the surface strength
for the coatings when in friction, seizure susceptibility and a
triboactivation degree have been evaluated in terms of wear
intensity in the vacuum (with rarefaction of 1.33-10° Pa). The
tribotechnical characteristics of the composite coatings stud-
ied have been analyzed and compared with the values of the
VK15 coating wear resistance and the surface layers produ-
ced from a thermodiffusion alloying by boron, vanadium and
chromium.

While contrasting the findings obtained upon testing at a
standard atmospheric pressure [5] with those of the coating
wear resistance under vacuum, it should be noted that with
increasing air rarefaction and diminishing passivating capa-
bility of the medium there appear variations in quality with
regard to the general friction trends, leading to sizeable quan-
tity variations in the tribotechnical processes running in the
contact area.

These nanocomposite coatings containing micro and
nanophases revealed a structure inherited from mechanoche-
mical synthesis products. Applying microindentation, the
mechanical properties of the coatings produced were meas-
ured and the evidence on the strength of the rated mechanical
characteristics attested that the structural state caused by the
products of mechanochemical synthesis could be labelled as
micronanocomposites.

To study the quality of the surface layers with activation
processes running therein when loaded by friction, affecting
the intensity of mechanochemical reactions, the overall pro-
cedure for physical analysis was applied. It included the fol-
lowing: metallography (optical microscope ‘“Neofot-32" with
an attachment), durometeric analysis (durometer Leco M-400
with a load of 0.249 and 0.496H), scanning electron micros-
copy (scanning electron microscope JSM-840), X-ray structu-
ral phase analysis (diffractometer DRON-UMI with mono-
chromatic radiation CuKk,).

Findings. The studies on the regularity of tribotechnical
processes in oxygen-free medium are challenging, allowing
the theoretical prerequisites to be created to attend practical
application problems implying the investigation and creation
of the wear resistance materials for coatings and their most
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efficient combination of friction couples operating in the va-
cuum.

In Fig. 1 the test data is plotted with wear intensities valu-
es and friction coefficients against those of sliding velocity
with a 2.5 MPa load enabling the processes of friction of phy-
sical-chemical mechanics to be at most approximated to the
actual operating environment.
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Fig. 1. Wear intensity (1,2,3) and coefficients of friction
(1°,2°,3’) versus sliding velocity (P =2.5 MPa): 1,1" —
Cr-Si-B-MoS, coating; 2,2’ — VK-15 hard alloy coating;
3,3" — vanadium-plated samples; 4 — chromium-plated
samples; 5 — Cr-Si-B coating; 6 — boron-plated sam-
ples

The high wear resistance, under the given friction condi-
tions, of the Cr-Si-B-MoS, coatings (Fig. 1, curve 1) occurs
due to structural adaptability which being a general occur-
rence, is implemented, in the first place, at the expense of a
structure-free molybdenum disulphide that provides the for-
mation of a protective film in course of friction (Fig.2.).

The metallographic data and examination of rubbing sur-
faces support the presence of a passivating hardphase lubri-
cating film of the molybdenum disulphide, impeding the ad-
hesive interaction of juvenile surfaces, some fracture nuclei
becoming localized in the thin near-surface layers and anni-
hilate when in grain boundary sliding thus eliminating dam-
ageability of any kind.

In the second place, a coating susceptibility to pas-
sivation is provided, under the given friction conditions, by
the diffusion and hard phase tribochemical reactions of the
components involving formation of superdispersed nanopha-
ses.

For the purpose of studying the surface layer with pro-
cesses of activation running therein under friction, the elect-
ron diffraction analysis was applied. Fig. 3 presents the elect-
ron diffraction pattern of a rubbing surface of nanocomposite
coatings with a change in fine structure and shows that the
dispersion occurs with refinement of crystals in the suprasur-
face layer which is proved by a maximum of intensities ava-
ilable on the diffuse halos. From the diffraction theory it is
known that diffusion halos are formed when the object under
study has a superdispersed structure, the present textural
maximums evidencing elements directionality of the super-
dispersed structure composed of friction-oriented crystals of
an almost perfect structure and of about a few interatomic
spacing sizes.
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Fig. 2. Rubbing surface of Cr-Si-B-MoS; coating: a — the initial position; b — micro X-ray spectral distribution of MoS, x650;
¢ — friction testing at V = 0.3 m/s, x320; d — friction testing at V =2.3 m/s, x320

Fig. 3. Electron diffraction pattern of Cr-Si-B-MoS, coating
rubbing surface tested at V =1.5 m/s

The above composition model does not only fit the expe-
rimental data when tested under friction, but is in agreement
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with the current notions about the character of a superdisper-
sed crystalline solids state as well [6].

In studying the character and regularity of formation
of a near-surface layer conducive to wear resistance, the
layer has been found to be a MoS,-based composite fine-
dispersed quasistratified structure reinforced by CrsSi,
CrSi, Cr3Si, and CrSi, intermetallides; moreover, the molyb-
denum chalcogenide forms CrS sulphides through a tri-
bochemical interaction with a deformed surface layer thus
creating favourable conditions for substantial enhancement
of wear resistance, and as established, increase of loading
capacity.

The changed structure of the hardphase surface films de-
termines the friction factor value as being 0.05-0.07 over the
entire range of testing (Fig. 1, curve 1). Under the given con-
ditions, as the authors believe, its value is not so much the
function of a normal load as the function of tribophysical
processes resulting from the additive load combination, slid-
ing velocity, temperature, and a generalized vector of the
friction profile (materials, environment, conditions, etc.). In
this manner, a dry lubricant surface film or an active supra-
surface layer does possess anti-wear properties in addition to
anti-friction effect thus providing a high resistance of the Cr-
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Si-B-MoS, coatings to wear under vacuum under the given fii-
ction conditions.

With the Cr-Si-B coatings where the molybdenum disul-
phide is absent (Fig. 1, curve 5), the behaviour of wear inten-
sity and the dependence of the coefficient of friction on velo-
city vary appreciably.

For the purpose of examining the surface layer in which
the processes of activation are running, the electron diffrac-
tion analysis with an ERM type apparatus (picture-taking for
reflexes at U = 35 kV) was applied. The electron diffraction
pattern (Fig. 4) with a change recorded in the thin structure
shows that dispersion involving refinement of crystalline gra-
ins occurs in the surface layer. The thin-filmed object exami-
ned represents the superdispersed aligned structure of a thin
surface layer which is 100—-500 nm.

Fig. 4. Electron diffraction pattern of a Cr-Si-B coating
frictional surface

It is to be noted that the Cr-Si-B coatings at sliding veloci-
ties under 0.9 m/s display minimal friction parameters. Wear
resistance is provided here by the creation of a thin-filmed
object dividing juvenile surfaces, which is the product of ox-
ygen-free structures based on the metallic phases of the
chemical elements incorporated into the coating and whose
organization nature with an oxygen shortage involves phase
transformations, in the authors’ opinion. This occurs when
the oxygen-free surface structures similar in mechanism of
formation and properties to those of martensite phases are
formed as a result of mechanical-thermal alloying and fric-
tional hardening. Regarding the martensite mechanism and
mechanical properties, the surface structures formed there-
with under extreme temperature-time and loading conditions
are different from those of the hardening martensite pro-
duced by a traditional heat treatment. So the martensite hard-
ness upon heat treatment is ~7.5-9.5 GPa while the relevant
values for the martensite structures on the frictional surfaces
amount ~10.5-13.5 GPa.

With the testing velocities being over 1.0 m/s, the thermo-
dynamic balance of a frictional system is broken and the pro-
perties of a hardphase surface film undergo irreversible
changes due to destruction and disintegration of the surface
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martensite, which leads both to the loss of the protective thin-
filmed object functions and to the loss of a screening ability.
Under the given friction conditions, the growing seizure pro-
cess appears as being the primary wearing mode for the
MoS,-free coatings. Fig. 5 shows the kinetics of the destruc-
tion of the Cr-Si-B coating surface layers as a function of test
velocities.

Fig. 5. The rubbing surface of the Cr-Si-B coating test-
edat: a—0.4m/s; b— 0.6 m/s; c— 1.0m/s (x320)
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The coatings sprayed by the VK15 hard alloy powder
show a high resistance to wear (Fig.1, curve 2). The VK15
coatings are known to be of a classic anti-friction material
structure. The enhanced wear resistance of the hard-alloy
coatings is due to either the nature of the components invo-
Ived therein or to the structure. However, at the sliding velo-
cities over 1.0 m/s the temperature, being a basic and drastic
working parameter, starts exerting its influence.

Among the samples subject to diffusion alloying, the va-
nadium-plated surfaces prove to have minimal wear (Fig. 1,
curve 3), which is due to formation of a working layer satu-
rated with vanadium carbides characterized by high mechan-
ical properties, by hardness and infusibility, particularly, [7],
along with VC there being formed V,C carbides having close-
packed hexagonal crystalline lattice; furthermore, in the sur-
face layer there occur compressive stresses also conducing to
enhanced strength.

The wear behaviour of the steel samples hardened by the-
rmodiffusion chromium-plating (Fig. 1, curve 4) is analogo-
us to the general wear history of vanadium-plated steels. The
raised wear values of the chromized samples are due to sei-
zure tendency resulted from a rather low surface strength
with friction in the vacuum [8].

The difficulties in obtaining and accumulating the me-
thodically sound and statistically reliable tribotechnical re-
search data are the major challenge to the development and
implementation of coatings, being today a specific part of a
common problem concerning the reliability growth and in-
creased service life in aircraft building.

The needs of practical applications have their primary ef-
fect on the progress of the scientific application aspects. Be-
ing developed for application needs, the Cr-Si-B-MoS, detona-
tion coatings studied displayed high tribotechnical character-
istics over the entire range of tests to model the operation of
a friction unit under rarefied air conditions. Here, as an agent
to regulate wear and to provide a high anti-friction ability of
the coatings in the vacuum, the dry lubricant is incorporated
therein affecting the adaptation level through the structure,
when in friction, due to the modified surface layers capable
of blocking the destruction and shielding the inadmissible se-
izure processes.

In conclusion, it is worth noting that the development of
the tribotechnical materials for coatings making use of the
domestic mineral resources and their testing to define their
optimal technoeconomic application conditions is an essen-
tial component of engineering and social advancements for
both the science and the whole society.

Conclusions.

1. The appropriateness of techniques and algorithms to
apply in the exploratory development under in-vacuum con-
ditions of the Cr-Si-B-based heterogeneous coatings addition-
ally incorporating the structurally free molybdenum disulfide
(as an anti-friction component) used as a modified additive
agent, has been established.

2. High resistance to wear for Cr-Si-B-MoS, coatings
owing to the passivating hardphase Iubricant film of
the molybdenum disulfide that blocks the interaction of
juvenile surfaces has been found. Here, some fracture nu-
clei, which are localized in near-surface layers are ob-
served to annihilate when in grain-boundary gliding, thus
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blocking damageability of any kind over the given testing
range.

3. While studying the character and regularities responsi-

ble for the coating tendency to passivation it has been obser-
ved that the realization of the latter is also due to the hard-
phase tribochemical and diffusion processes in the formation
of MoS2-based quasilayered surface structures and fine-dis-
persed intermetallides from the components incorporated in-
to the coating.
4. The protective thin-filmed surface structure has been
found as assisting in the reduction of the adhesion constituent
of frictional force, and its plastic deformation is by no means
associated with appreciable losses of energy, rather it mini-
mizes those. The character of dependency and values of a
friction coefficient are at that in complete accord with a wear
regularity being determined by the properties of the surface
structures, while its stability is indicative of a high coating
efficiency.
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Merta. JlocmimkeHHs B yMOBax BaKyyMmy pPO3pOOJICHHX
JCTOHAIIHHNX TOKPHUTTIB cucTeMu Cr-Si-B, MO TOAATKOBO
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MICTATH B SIKOCTI aHTU(PHKIIHHOTO KOMIIOHEHTa J00aBKU
TBEPJOTO MacTW/Ia Y BHIVISI JUCTIEPIOBAHOTO ANCYIB(ITY
MOJTIOICHY.

MeToauxa. /{1 TeTOHAIIHHO-TA30BOr0 HAITWIICHHS BHU-
KOPHICTOBYBAIIM KOMITO3HIIIHI TIOPOIIKH, OTPHUMaHI METO-
JIOM MEXaHOXIMIYHOTO CHHTE3y 3a JIONIOMOTOI0 Jlabopatop-
HOTO arTpuropa Tuy ,,J[E3-1-10,5”. YacTUHKM TBEPIOTO Mac-
THJIA, IO BINOBINAIOTE (QpakiisM 3—10 MkM, 3MIlTyBaIH
MOKPHM CIIOCOOOM 3 BHUXITHUMH METAJIEBIMH HAHOTIOPOITI-
kamu. TOBIIMHA HAMMJICHOTO ETOHAIUWHOTO IMapy MiCI
00po0Oku ckmagana 0,20-0,25 mm, IMOPCTKICTH Ra = 0,63-0,32,
MIIHICTh 3YCIJICHHS 3 OCHOBOIO Gy, = 87,5 MIla. Jlocimi-
JDKEHHSI TIOBEPXHEBOI MIIHOCTI MOKPHTTIB HPH TepTi, iX
CXWJIBHICTH /IO CXOIUTIOBaHHS Ta CTYIIHb TpHUOOAaKTHBALLii
OLIHIOBAIIKCS 3 IHTEHCHBHICTIO 3HOCY Y BaKyyMi 3a po3pi-
JokeHHs 1,33*107 ITa. XapakTepUCTUKY TepTs i 3HOLTYBaHHs
JOCTI/DKYBAHIX KOMIIO3HUIIWHNAX TTOKPHUTTIB aHAI3yBaJIHCS
Ta TIOPIBHIOBAMCS 3 OTPHMAHNMH 3HAUCHHSIMH 3HOCOCTIH-
KOCTI TIOKpUTTIB ThIly BK15 1 MOBEpXHEBUX IIapiB, OTpUMa-
HHUX Yy pe3yJbTari TepMoAudy3iiiHOro JieryBaHHs OOpoM,
BaHAJIIEM 1 XPOMOM.

[Ipu nocniypkeHHI MOBEPXOHb TEPTS! BUKOPHCTOBYBA-
JM cydacHi (Di3WYHI METOJM, BKITIOYAIOYH PEHTIEHOCIIEKT-
pabHMI MiKpOaHajli3 i pacTpoOBY EJEKTPOHHY MiKPOCKO-
IiF0.

PesyabraTu. OTprMaHi METOJJOM MEXaHOXIMIYHOTO CH-
HTE3y KOMITO3HLIiIHI TOPOLIKH, IO CKJIaJalThesl 3 TOMO-
TeHHOI CyMIIll BUXiTHIX KOMITOHEHTIB. Kepyroun TexHomo-
TIYHUM TIPOLIECOM OTPUMAHHS, BIAjOCs 3a0e3MeunTH He Ti-
JBKA OKaHMHA XIMIYHUH CKITaJ, ane i OTPUMATH TIPY HaIlH-
JIeHHI 3a7aHy CTPYKTYpY, ONTHMI3ylody KOMIUIEKC BJIACTH-
BOCTEil IIOKPUTTIB, 110 BOJOMIIOTH BUCOKHM OIIOPOM 3HOCY
TIPY HABaHTKEHHI TEPTSIM y BaKyyMi.

HaykoBa HoBU3HA. [[pakTUYHO BCTaHOBJICHO Ta TEOpE-
THYHO OOIPYHTOBAHO BHCOKHH OIp 3HOCY PO3POOJICHHX
HAHOKOMTIIO3HIIIMHAX TIOKPHTTIB, IO MICTSITh B SIKOCTi aH-
TU(PUKIIHHOTO KOMIIOHEHTA JIMCTIEPTOBAHUM JUCYIB]IT
MotiOzieHy. BusiBieHo BIUIMB CTPYKTYpH HOKPHTTIB 1 CKIIa-
Ty TIOBEPXHEBHX IUTIBOK HA iX eKCILTyaTaIliiiHi XapaKTepHc-
THKH.

[pakTinuna 3HaunMicTb. OTpUMaHI pe3yIbTaTH PO3-
IIAPIOIOTH apCEHAIT IOCSTHEHb CYy4acHOTO TPUOOTEXHITHOTO
MaTepiao3HaBCTBA Ta CIPHAIOTH CTBOPEHHIO KOHKYPEHTO3-
JIATHUX BUPOOIB 3 BUCOKMM PIBHEM EKCILTyaTal[iiHOl HaTiii-
HOCTI.

KuarouoBi ciioBa: demonayiiini nokpumms, 3H0cocmiti-
KiCb, NOBEPXHEBUIl Wiap, CIPYKIMYPHA HPUCIMOCOBAHICb,
oucyno@io moniooeny

Henw. VccnenoBanue B YCIOBHSX Bakyyma pa3pado-

TaHHBIX JIETOHAIIMOHHBIX MOKPBITUH cucteMbl Cr-Si-B, KOTO-
Ppble JOTOJIHUTENBHO COJIEPIKAT B Ka4ECTBE aHTU(PPUKIIMOH-
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HOT'O KOMIIOHEHTa JIOOaBKH TBEP/IO CMa3KH B BUJIE TUCIIEP-
THPOBAHHOTO TUCYJIb(HUIa MO0 IeHA.

Mertonuka. /[y A€TOHAMOHHO-Ta30BOTO HAIbLICHUS
HCMOJIL30BAIM HAHOKOMITO3UIIMOHHBIE TIOPOLLKH, MMOTY4YeH-
HbIE METOJIOM MEXaHOXMMMYECKOI'O CHUHTE3a C IMOMOIIBIO
JabopaToOpHOTO arTpUTopa THMA ,,3C-1-10,5”. YacTuis!
TBEPIOH CMa3KH, COOTBETCTBYIOIINE (PPAKIAM 3—10 MM,
CMEIIIMBAIN MOKPBIM CIIOCOOOM C MCXOTHBIMHU MeTaJLT4ec-
KMMH HaHOIOpOLIKaMu. TOJIIMHA HallbUIEHHOTO AE€TOHALM-
OHHOTO CIIOs1 TIocae 00paboTku cocraBisuia 0,20-0,25 mm,
LIEpOX0OBATOCTh R, = 0,63—0,32, MPOYHOCTH CLEIUIEHUS C OC-
HOBOM o, = 87,5 MIla. HccrnenoBanue MoBepXHOCTHOM MPOY-
HOCTH TIOKPBITUI MPHU TPEHUH, UX CKJIOHHOCTb K CXBaThIBa-
HUIO U CTEICHb TPUOOAKTHUBAIINHY OIICHUBAJINCH TI0 WHTCHCH-
BHOCTH M3HOCA B BaKyyMe MU paszpeskennu 1,33*107 TTa. Xa-
PAKTEPUCTUKU TPEHUS W M3HALLMBAHUS UCCIEAYEMBIX KOM-
MO3ULMOHHBIX TOKPHITUM aHAIM3UPOBAINCh U CpaBHUBA-
JIUCh C TOJIyYEHHBIMH 3HAUEHUSIMH W3HOCOCTOMKOCTH ITOK-
pbiTuii THIIA BK15 1 NOBEPXHOCTHBIX CJIOEB, IIOJIYYEHHBIX B
pe3yabTare TepMoan(dy3nOHHOTO JIeTUPOBaHUs OOPOM, Ba-
HagueEM U XpOMOM.

IIpu uccrnenoBaHUM MOBEPXHOCTEN TPEHUST MCIOJIH30BA-
JIM COBPEMCHHBIC (PU3IYECKHE METOIBI, BKITFOYAsT PCHTTCHO-
CIEKTPAIBHBI MHUKpPOAHAIM3 M PAcCTPOBYIO IEKTPOHHYIO
MUKPOCKOIIHIO.

Pesyabrarbl. [lomyueHbl METOJOM MEXaHOXHUMHUYECKO-
IO CUHTE3a HAHOKOMIIO3ULIMOHHBIE TIOPOLLKH, COCTOSIIINE U3
TOMOI'€HHOM CMECH UCXO/HBIX KOMIIOHEHTOB. YTIPaBJIsIs Te-
XHOJIOTMYECKMM TIPOIIECCOM TIONYUeHHS, YAAIOCh odecre-
YUTh HE TOJIBKO JKEJIAEMbI XUMUYECKUH COCTaB, HO U OMY-
YUTBH [IPY HANIBUICHUH 33aHHYIO CTPYKTYPY, ONTUMHU3HUPYIO-
IIyI0 KOMITIEKC CBOMCTB TOKPHITHI, 00JIaJaf0IINX BEICOKUM
COIPOTHUBIIEHUEM HM3HOCY INPU HArpy>KEHWH TPEHUEM B Ba-
KyyMme.

Hayuynasi HoBu3HA. [IpakTuecku yCTaHOBIICHO U TEO-
peTHUecki 00O0CHOBAHO BBICOKOE COIPOTHBIIEHHE H3HOCY
pa3paboTaHHBIX HAHOKOMIIO3HITHOHHBIX MOKPBITHH, COIEp-
JKaIFX B KAYeCTBE aHTH()PUKIIMOHHOTO KOMIIOHCHTA JTICIIe-
PTHPOBAaHHBIN MHCYIB(GHI MOINOICHA. BBIBICHO BIHSHIE
CTPYKTYpPbI IOKPBITHUH M COCTaBa MOBEPXHOCTHBIX IUIEHOK
HA MX 3KCIUTyaTalOHHBIE XapAKTEPUCTUKH.

IIpakTuuyeckas 3Ha4uMOCTb. [lomydeHHble pe3yibra-
Thbl PaCLUMPSIIOT apceHa] AOCTHKEHUH COBPEMEHHOIO TpH-
0OOTEXHUYECKOTO MAaTEepUATOBEACHNS M CIHOCOOCTBYIOT CO-
3[[@HNI0 KOHKYPEHTOCIIOCOOHBIX M3/IENIUI C BHICOKMM YPOB-
HEM 3KCIUIyaTalIOHHON Ha/IEKHOCTH.

KunroueBble ciioBa: demonayuontoe nokpwimue, usHo-
COCMOUKOCMb, NOBEPXHOCMHBIL CNIOU, CIMPYKMYPHAA NpU-
cnocabnueaemocms, OUCYIbPUO MOTUOOEHA

Pexomenoosano 0o nybnikayii Ookm. mexH. HAyK
HM. Dianxo. [ama Haoxooxcenns pyxonucy 03.03.15.
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