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C.T. Muaeiixo

CHUHEPI'H3M B KOMIIO3UTAX . 191
H3BecTHoe omnpeneneHHe KOMMO3UTA, NaBaeMO€ OKCHOpACKHM CIOBapéM, - Kak HEOOTHOPOAHOH cCMecH COeAMHEHHBIX Mexay coboil aByX Wi
banee (a3, - He aKLIEHTUPYET BHUMAHHE Ha OMHOM M3 BAKHEHIIMX CBOHCTB KOMIIO3MTA, BO3HMKAIOUM B PE3YyJBTATe AOKHBIM 0Opa3oM KOHCTpY-
MpOBaHHUA KoMNo3uTa. bonee Toro, NpeBanupyrollee NOMOXKEHHE B MPHUIOKEHHAX MOCNIEIHUX ASCATHIETHH NMIIb OJHOTO ceMeHCTBa KOMIO3UTOB
— YTIENNacTHKOB — 3aCTABMJIO HAyYHYK M TEXHOJOTHHECKYIO OOGIECTBEHHOCTh C(OKYyCHPOBATHCA Ha ONHOM TONBKO NPHMEpPE CHHEPru3Ma B
KOMIO3MTaX, Ha TPEUIMHOCTONKOCTH YITIEIUIACTHKOB- BBICOKONPOYHBIX KOMIIO3MTaX Onarojaps BBICOKOH MPOYHOCTH BONOKHA. llens Hactosmei
CTaTh¥ — MpPUBJIEYs BHUMAHHE HCCIICAOBATEICH K LIENOMY PAAY CHHEpPreTMYecKuxX 3¢¢eKToB, HabNnIonaeMbIX KaK B KOMIIO3UTAaX C [UIACTUYHOM
METANIMYECKON MaTpHuEH, TaK M B KOMIIO3UTaX ¢ XPYNKO# MaTpHueid. B gacTHOCTH, MOKa3aHO, YTO B3aMMHOE BAMSHME BOJIOKHA M MaTpMIBI B
KOMIO3HTE MOXKET CYLIECTBEHHO W3MEHHTH CBOHCTBA KOMIIOHCHTOB; y4€T 3TMX H3MEHEHHH [O3BONSET ONTHMHU3HPOBATH KaK CTPYKTYDPY KOMITO-
3MTa, TaK M TEXHONOTHIO €ro MONYy4YeHHS. APMHPOBaHHE TYTONIAaBKOH MaTPHIBI BOJOKHAMH JOKHOTO XHM. COCTaBa MOXET Ha NOPAAKH
YMEHBIINTh CKOPOCTh OKHCIICHHA MaTpHLbl. B3aumopeHcTBME XpYNKHMX KOMIIOHEHTOB B KOMITO3MTE ONPEIACISET HEMYBCTBHUTEINBHOCTL KOMIIO3M-
TOB THMAa Xpynkoe-xpynkoe K aedekram (c. 191-206; un. 14).

P.A. AnpueBckuii

HAHOMATEPHAIJIBI B SKCTPEMAJIBHDBIX YCTIOBHSX ..ottt ettt ettt sttt ob et ab s 207
B ob3ope kpaTko aHaJIM3HMPYETCA COCTOSHME Pe3yNbTaTOB HERABHUX MCCIECROBAHMHA KOHCONMAMPOBAHHBIX HAHOMATEPHANOB B 3KCTPEMANBHBIX YCJIO-
BUAX, 0COOEHHO MO ACHCTBMEM KOMOMHMpPOBAaHHBIX BO3JEHCTBUI THIIA KOPPO3HMOHHOTO PACTPECKUBAHHSA IO HAMPAXKEHHEM, COBMECTHOTO BIUSHUSA
ofnyyeHus u Harpesa H T.A. Ocoboe BHMMaHHE YRENCHO XapaKTEPHUCTHKE HAHOCTPYKTYP, CHOCOOHBIX COXPaHATH CBOM CBOHMCTBA B 3KCTPEMAJIBHBIX
ycnosusx. B 3Tom oTHomeHHn HanGonee MEPCNEKTUBHBIMU KaXXyTCsA ABOHHMUKOBbIE W TPAAMEHTHBIE HAHOCTPYKTYPHL. OTMEYEHBI MaJOM3y4YEHHBIE
npobnemsl (c. 207-215; un. 6).

A.R.Bunsell, A.Thionnet

IMPOLIECCHI PA3PYLIEHHH, ONPEJEIAIONIMX JOJTOBPEMEHHYIO HAJJEXXHOCTb

KOHCTPYKUHUH, APMHUPOBAHHDBIX YITIEBOJIOKHOM ...ttt e ca e e es e sttt rcone e samaeenteinses 216
CoBpeMEHHRBIC KOMIO3HMTH! UCMONB3YIOT B HACTOALIEE BPEMA BO MHOTMX KPHUTHYECKH Ba)KHBIX I'PaXHAaHCKHMX NPWIOKCHMAX, 1A KOTOPHIX JOITOBpE-
MCEHHas HanéxHocTs abcomoTHo HeobXxoxuMma.

MeToas! MCBITaHHHA, NPUMEHsIEMBIE U4 OoJice TPaAMIHMOHHBIX METAUTMYECKUX KOHCTPYKUHH, Kak ceddac SCHO, HE JAKT I0CTATOYHO HaAEXHBIX
pesynbTaToB, 6yay4H NpHMEHEHHBIMH K KOMIO3HMTHBIM KOHCTPYKLMAM. [1o3ToMy ouesHiHa HEOOGXOAMMOCTE pa3pabOTKH HOBBIX METOAOB, OCHOBAHHBIX
Ha TIOHHMaHHH NPOLECCOB MOBPEKACHHUA KOMITO3HTHEIX 3IEMEHTOB. MHOMOYpOBHEBOE MOZAEIMPOBAHHE, YYHUTHIBAIOLIEE XaPAKTEPUCTHKH BOJIOKOH,
MaTpHLBI ¥ TPAHHILBI pasfela, K HACTOAUIEMY BPEMEHH NOCTaTOYHO pa3BuTo. OHO MO3BOJAECT MCCIEAOBATh HAKOILICHHE MOBPEXKICHUA Ha CTaauM MX
YCTOMYMBOIO POCTa U ONpPEACIHTE KPUTHYECKYIO BEIHYHHY MOBPEXKACHHA, ONPEAEISIOUIYIO Pa3pyMICHNE KOHCTPYKIMH B 33/IaHHBIX YCHOBHMAX Harpy-
KeHHA. OTa NHPOPMALHA NO3BONAET OMPEACIHTh KOJMYECTBEHHO Ko3(h¢HUUHEHT 6e30MacHOCTH Ha OCHOBE 3HAHHMA XapaKTEPUCTHK CTPYKTYPbl KOMIIO-
suta (c. 216-224; un. 5).

Suresh Kumar, Rajesh Chandra, Anil Kumar, N. Eswara Prasad and L.M. Manocha

KOMIIO3MTHBI YTJIEBOJIOKO - SiC JJIs1 IPUMEHEHHWA B JBUTATEILAX ... 225
KoMno3suTs! ¢ yriaeBoJIOKHOM B kap6ua-kpemuueBoit marpuue (C-SiC) ABnsrOTCS HAeanbHBEIM MaTepHaIoOM AJIA CHApAIOB ¢ YIPaRIAEMbIM BEKTOPOM
TATH Oarofapa MX BBICOKOW YAENbHOH MPOYHOCTH, CONPOTHRICHHIO 3PO3MM H BRICOKOH TEMIEpaType HCHONb30BaHHA. YIpaBICHHE BEKTOPOM TATH
Heo6X0OMMO Ha HayajbHOH da3se 3amycka cHapsjga, KOTAa adPOAMHAMMYECKOH CHIIBI HEAOCTATOYHO /UIS HYXXKHOIO MaHespupoBanusa. Cpena, B
KOTOpO# paboTaloT HampaBIfAIOLIME JONAaTKM B COIUIE, BEChMa arpeccHBHa; npu Temreparypax ao 2500°K moroka co ckopocmimu 3-4 M ra3 Moxer
HECTH TBEPABIC MEIKME YAaCTHLBI OKCHIA ATIOMHHHSA, BHI3BIBAIOLIME IPOIHIO.

Jlna nonmy4eHns KOMIIO3HTHBIX JIONAaToK pa3paboTaH ynpaBifeMblii TEXHOMOTHYECKHI Npoliecc, 0CHOBaHHbIA Ha MHQMIBTpALMM paciiaBa KPEMHHA.
Jlonatky 6bi1M YCNEIIHO UCHBITAHBI B YCJIOBHAX paGoThl COBMECTHO C TBEPAOTOIIMBHBIM PaKETHBIM ABuraTeneM. Hactosmas craThs onuchiBaet
HCCIIEIOBAHUA, HANPABICHHBIE HA TEXHOJIOTHIO MOJIy4eHHs Jonatok (c. 225-230; un. 4).

A.B.Mruatosa, C.b.CanokHHKoB .

OBPABOTKA IMOBEPXHOCTH APAMHWJIHOM TKAHMU JJ151 VIIPABJIEHWA NOTJIOUIEHUEM

OHEPI'MH YIAPA B CJIOUCTbBIX KOMITO3UTAX .. 5231
Ipencrasiienbl IKCIEPUMEHTANIBHBIC PE3YIBTATH 110 BIHAHHUIO [IOBEPXHOCTHOH 06pabOTKM apaMHIOHON TKAHH MONMMEPHBIMH KOMIIO3HLIWAMM, CO-
JepXaulMMH HaHOAJIMA3kl M YITIEPOHBIE HAHOTPYOKH, Ha 3P HEKTHBROCTE PacCesHUS KHHETHYECKOH SHEpruM nymu (pUKUMOHHBIMU 3ddekramu. B
MIEPBOH YACTH CTAaTbH NPENCTABICHBI KBA3UCTATHYECKHE MCIBITAHUA - BHITATHBAHKE HUTH M3 apaMUAHON TKaHM NONOTHAHOro neperuieteHus P110.
Bo Bropoit 4acTH mpoBeneHbl OaNIHCTUYECKHE HCIBITAHUA A ONpeAeseHNs BIMAHUS NOBEPXHOCTHOH 0OpabOTKM TKaHH Ha BEIUYHHY [TYOHMHBI
BMATHHBI B ClIeLHaNbHOM InacTwimHe. i1 npuMepa noBepxHOCTHas o6paboTka TKaHel ¢ yTshkeleHHeM 10 6% Mo3BONISET YBEAUMHTh QPHKLHOH-
HOE B3aMMOJEHCTBHE MEXAY HHTAMH B 4 pa3a M NPUBOAMT K CHHXXCHHIO MpPOrH6a TKaHEBOTrO MAKEeTa NpPH JIOKAJBHOM yIape NpHMeEpHO Ha 20%.
HoxazaHo Takxe, uTo 06paboTka BA3KUMH XXHAKOCTAMH, 3(PEKTHBHAA NIPH KBA3HCTATUYECKOM BHITATHBAHHM HUTEH, TEpAeT CBOI PdEKTHBHOCTL
OpH JIOKaJIbHOM yzaape (c. 231-240; un. 6).

C.A.®@upcros, B.®.T'op6ans, H.A.Kpanuska, J.I1.IleuxoBcknii, M.B.Kapnen, A.B.Cameniok, B.H.Tkau

$OPMHUPOBAHHE ®A30BOI'O COCTABA U MEXAHHWYECKHUX CBOHMCTB JIMTbIX

MHOTI'OKOMITOHEHTHBIX 3KBHATOMHBLIX CINTABOB, COAEPKALLIMX M-@A3Y ..o e ere e iescserconcaennenes 241
H3yyeHb! 7 IMTBIX MHOTOKOMIOHEHTHBIX (5-7 anemeHTtos M3 uucnaa Cr, Mo, W, Mn, Fe, Co, Ni) skBuaroMHbIX Tpex(]a3HbIX CIUIaBOB, KOTOpBIE
coeprKaT MOJIMKOMIIOHEHTHbIE HHTEPMETAJLTHAHbBIE |1-¢Ga3sl (BKIH4aT [-obpasyromue snemenTs Mo, W, Fe, Co) B coueTanuu ¢ TBEpabIMH
pacTBopaMu 3aMeuleHus, kotopeie uMeroT OLIK u 'K kpucrannnyeckue perlerkd. Bee cruiassl conepkar Bonbgpam.

C y4eToM HHAMBHAYaJbHBIX XaPaKTEPHUCTHK METALIOB, @ TAKXKE JEKTPOHHOH KoHUeHTpatmy Csd CrlaBoB NaHHOTO TMNA YCTAHORICHBI 3aKOHOMEp-
HOCTH M ocoGeHHOCTH (opMupoBaHHs (a30BOrO COCTaBa M KOJIHMYECTBEHHOTO COOTHOUICHHS (a3 NpU KPUCTALTM3ALMY M YX BIMSHHUE Ha MEXaHH4eC-
KHE CBOJCTBa.

[pu kpHcTaUIM3allMM paclilaBa B MEPBYIO ouepensb npu Temineparype Boime 2000 °C kpucramnnsyerca OLIK-TBepablil pacTBOop 3amemeHus Ha
ocHose Boibdpama (~60 at. %) u monubaeHa (~30 ar. %), KOTOpPBIl CTPYKTYpHO NpeACTaBRIeH B BHAE AeHApHTOB. [1pn Temneparype 1400-1500 °C
ofpasyeTcs MOIMKOMIIOHEHTHaA [L-(a3a, KOTOpas BKIIOYAET BCE IEMEHTHI XMMHUYECKOIO IIMXTOBOTO COCTaBa; COAEPXAaHUE IEMEHTOB OIM3KO K
skBMaToOMHOMY. OHa Takxke CTPYKTYPHO NPEACTaBjicHa B BUAE ACHAPHTOB, KOTOPbIe HEMIOCPEACTBEHHO NPHIIEraloT MPaKTHYECKH KO BCEM TEPBHYHBIM
nenapuram OLIK-¢a3sbl. 3atem mpu temneparypax 1270-1360 °C kpuctammusyerca I'LIK-TBepasiit pactBop 3amemeHus Ha ocHoBe I'LIK-meramios
(ux cymmapHoe conepxanue cocrasmter ~70 aT. %). 'LIK-¢da3a pacnonaraercs B mMpOMEXYTKaX MEXAY ACHAPHTAMH M KpHCTa/UlaMH U-(a3sl,
[MaBHBIM 00pa3soM, B COCTaBe IBTEKTHKH, BTOPHIM KOMIIOHEHTOM KOTOPOil sBiseTca ji-¢a3a. MakcumanbHoe konudectBo M- U OLIK-da3 B crmase
Haxonutcs Ha ypoBHe S0 Mmacc. %, I'lIK-da3sl — Ha ypoBHe 65 macc. %.

C yBenvuenneM 31eKTpoHHOH koHUeHTpauuu ot Csd = 7,40 no Csd = 8,00 sn/ar XMMHYECKOro IIHXTOBOrO COCTaBa CIUIABA KOJIMYECTBO [l-(a3bl B HEM
cHmxaercs ot 50 go ~10 macc. %; B npemenax Csd = 7,60-8,00 an/at xomuuectBo I'LIK- 1 OL{K-a3 He3HauuTeIbHO BO3pacTaet.

OnTHManbHOE COYETAHME BBHICOKOTEMICPATYPHBIX MPOYHOCTHBIX M MJIACTHMYECKHUX XaPaKTEPHCTHUK CIUIABOB AOCTHIAETCA HPHU KOIMYECTBEH-
HOM cooTHomeHun p-, OUK- n 'lIK-da3 Ha yposHe, cooTBeTcTBeHHO, 40-45-15 Macc. %. [IpuBeneHHbIH MOAYNh YIPYTOCTH NPH HHICHTH-
posaHuu E npM KOMHaTHOMW Temmepatype HaxoAuTcs B mpeaenax £ = 130-190 I'Mla (c. 241-258; un. 7).
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A well-known definition of composite as «a heterogeneous mixture of two or more homogeneous phases which have been bonded together»
(Oxford dictionary) does not stress at an important property of the composite aroused as a result of appropriate mixing phases in composites.
Moreover, an overwhelming growth of applications in the last decades of just one family of the composites - a family of carbon fibre reinforced
plastics - makes people to focus on just one example of synergy in composites that is fracture toughness of the FRP, which are inherently strong
due to the fibre. A purpose of the present paper is to draw attention to a number of the synergy effects arising in both ductile-metal matrix
composites and brittle-matrix composites. In particular, it is shown that fibre/matrix interactions in a composite can affect essentially properties
of the components. The composite microstructure and fabrication technology of composite elements can be optimized provided the effects
mentioned are taken into account. Reinforcing refractory-metal matrix with a fibre of an appropriate chemical composition can yield a decrease
by orders of the magnitudes in oxidation rate of the matrix. An interaction of brittle components in brittle-fibre/brittle-matrix composites
determines damage tolerance of the composites (p. 191-206; fig. 14).

R.A. Andrievski

NANOMATERIALS INEXTREME ENVIRONMENTS ..ottt eeeieesiessors e sses e e seeees st ssssa s sabesassssssenssesessasesasassssssasanes 207
The present review briefly examines results of the latest research of nanomaterials behavior under extreme conditions, especially in the case of
combined effects of stress corrosion cracking, joint effect of temperature and irradiation, etc. Particular attention is paid to the characterization
of nanostructures able to maintain their properties under extreme conditions. Twinned and gradient structures seem to be particularly promising for
usage under extreme conditions. Lesser known problems are noted (p. 207-215; fig. 6).

A.R.Bunsell, A.Thionnet

FAILURE PROCESSES GOVERNING LONG TERM RELIABILITY

OF CARBON FIBRE COMPOSITE STRUCTURES ..ottt eseststeietesestsae et stese e e eeessemen et s st s asbe b b s st sasssas s e ensbebeb et bababesesnsnarasnis
216

Advanced composites are now used in many critical civil applications for which long term reliability is an absolute necessity. Testing based on more
traditional metal structures has been shown to be inappropriate and there is a pressing need to develop new tests based on an understanding of
damage processes in composite structures. Multi-scale modelling which takes into account the characteristics of the fibres, matrix and fibre/matrix
interfaces is now well developed. It allows the kinetics of fibre failure during monotonic loading and sustained loading of composites to be explored
and identifies the critical damage levels leading to failure for these loading conditions. This information allows safety factors based on the intrinsic
properties of the composites to be determined and quantified (p. 145-150; fig. 5).

Suresh Kuma, Rajesh Chandra, Anil Kumar, N. Eswara Prasad and L.M. Manocha

C/SICEOMPOSITES FOR PROPULSION APPLICATION cuvnwsssmmsussuvsensssssssssss o5 ammssss 5o 5o s i oo gssesssvesossssvsssessasssssssmsasares 225
Carbon fiber reinforced silicon carbide (C-SiC) composites are ideal materials for thrust vectoring control of missiles due to their high specific strength,
erosion resistance and high temperature capability. Jet-vanes based thrust vectoring control is required in the initial phase of the launch where
aerodynamic forces are insufficient to get required maneuverability. The environment experienced by the jet-vanes is very severe with typical gases
temperature around 2500K at about 3-4 Mach; the exhaust gases contain hard tiny particles of alumina and results in severe erosion of jet-vanes. An
indigenized technology based on liquid-silicon-infiltration method is developed for C-SiC composite jet-vanes. The jet-vanes have been tested and
repeatedly performed successfully in solid propellant rocket motor. This paper describes the research efforts put for developing the technology and
fabrication of the Jet-Vanes (p. 225-230; fig. 4).

I.V.Ignatova, S.B.Sapozhnikov

SURFACE TREATMENT OF ARAMID FABRICS TO THE CONTROL IMPACT ENERGY

ABSORPTION IN LAYERED/COMPOSTITES :o:ssusssossusrsssosmsssusms s oss oot 50051505755 560 15555005 S B 000 Fovv 0050503400 0030303030 s 231
An experimental study of an effect of aramid fabric surface treatment by polymer compositions with nanodiamonds or carbon nanotubes on impact
energy dissipation were presented. Dry friction between yarns of fabric is an effective way to absorb kinetic energy of a bullet. In the first part of
the paper, the results of quasi-static yarn pull-out test of aramid plain woven fabric is presented. In the second part, the ballistic tests conducted to
determine an effect of the surface treatment on the depth of indentations in a special plasticine. For example, surface treatment of fabrics with
addition of just 5 wt. % increases the frictional interaction between yarns by 4 times and reduces the deflection of multilayer textile package under
a local impact by about 20%. It is also shown that the viscous fluid, which is working effectively under quasi-static yarn pull-out test, loses its
effectiveness under local impact (p. 231-240; fig. 6).

S.A Firstov, V.F.Gorban, N.A.Krapivka, E.P.Pechkovsky, M.V.Karpets, A.V.Sameljuk, V.N. Tkach

FORMATION OF PHASE COMPOSITION AND MECHANICAL PROPERTIES OF CAST

MULTICOMPONENT EQUIATOMIC ALLOYS WITH JIPHAS . suuummsssssmsmsmmsssismesmss sosssssisesss e s sisssspsasssvasisiss s riviiovsavssvesvvssarsvsvsvosavess 258
Seven cast multicomponent (5-7 elements, among which Cr, Mo, W, Mn, Fe, Co, Ni) equiatomic three-phase alloys are studied. They contain
intermetallic polycomponentji- phases that includet-forming elements Mo, W, Fe, Co) together with BCC- and FCC-substitutional solid solutions.
Tungsten is present in all alloys.

Formation of the phase compositions of the alloys was studied taking into account individual characteristics of the chemical elements and their
electronic concentration Csd. At melt crystallization at a temperature higher than 2000 °C, BCC-substitutional solid solution crystallizes on the
basis of tungsten (~60 at. %) and molybdenum (~30 at. %) is crystallized first as dendrites. At temperatures between 1400 and 1500 °C a
polycomponent p-phase, which includes all elements, is formed; the contents of elements being close to equiatomic. It has also a dendrite shape,
contacts all primary dendrites BCC-phase. Then at temperatures 1270-1360 °C, FCC-substitutional solid solutions crystallizes on the basis of FCC-
metals (their total content is ~70 at. %). It locates mainly between dendrites and crystals of p-phase in composition of eutectic in which the p-
phase is second component. The maximum quantity of p- and BCC-phases in an alloy is about 50 mass. %, FCC-phase is about 65 mass. %.
When electronic concentration increases from Csd = 7.40 up to Csd = 8.00 el/at the quantity of p-phase decreases from 50 to ~10 mass. % in the
interval of Csd between 7.60 and 8.00 el/at, the quantity of FCC and BCC-phases is going up just slightly.

An optimum combination, high-temperature strength and ductility of alloys is achieved at a quantitative ratio of i-, BCC- and FCC-phases equal
to 40-45-15 mass. %. The elastic modulus of alloys at room temperature measured by indentation is between 130 and 190 GPa (p. 241-258; fig.7).
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