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COIEPKAHHUE

B.U.Coxoaunaos, U.B.Becconon, A.B.Kupeiinos, H.FO.Tapackun, A.M.Kynepman

CBONCTBA CTEKJIOIUIACTUKOB HA OCHOBE DITOKCHUAHOIO CBS3YIOIIETO,
MOAU®UIINPOBAHHOIO ®YPOYPOJIAIIETOHOBON CMOJION U MOJUCYIL®OHOM .......... 77
B pabore mpencTaBieHbl pe3yabTaThl H3yueHHs CBOHCTB CTEKJIONIACTHKOB HA OCHOBC CTCKJISHHOIO BOJIOKHA
PBMITH 10-420-80 1 5MOKCHAHBIX MATPHIL, B COCTAB KOTOPBIX BXOAAT JIMOO TepMOpeaKkTHBHas (PypaHoBas CMOJIa
DA-5, iubo nonucyabdon [TCK-1, n160 06a 3THX KOMIIOHEHTA COBMECTHO. IOy 4eHHBIC IaHHBIC TOATBCPIKAAIOT
NCPCNEKTHBHOCTL MCMO/IBL30BAHHS TOKCHITONHCYIbIOHOBBIX MaTPHIL, MOIH(PUIMPOBAHHBIX ()ypAHOBBIM OJIHIOMe-
POM, /U5 M3rOTOBIICHHMS KOMIIO3ULIMOHHBIX MaTepHanoB. Co3/1aHHbIC THOPUAHBIC MHOTOKOMIIOHCHTHbBIC CBA3YO-
1I{ME TIO3BOMISAIOT CYIIECTBEHHO PACIIMPHTH TEXHOJIOTHYECKHE BO3MOKHOCTH MeTo1a HaMoTkH. Beenenne 10 mac.
% MA-5 B SNOKCHIHBIE CBS3YIOLIME, COACPKALME MOAUCYIb(OH, NO3BONAET 3HAUNTEBHO MOBBICHTH UX TEXHO/I0-
THYHOCTh, T.K. B 2-3 pa3a cHmkaeTcs Bsiskocts M Ha 20 °C Temneparypa nepepaboTku. Ilpu 3TOM TpeumHo- H
YAApPOCTONKOCTH QPMHUPOBAHHBIX TJIACTHKOB 3aMETHO YBEIHYHBACTCH NPAKTHIECKH 0€3 CHHIKCHUS TEMITCPATYPbI

CTCKJIOBAHHA. MakcHMasibHbii 3QHeKT OT BBEACHHS NMOAUCYIb()OHA B SMOKCHAHYIO MATPHULLy HaOMIOAAETCS NPH
no6asnennn 6onee 20 mac. % ITCK-1 (c. 77-87; un. 3).

B.B.BacuabeB, C.A.Jlypbe

3AJJAYA O TPEHIMHE B OJHOHATIPABJIEHHOM KOMITO3UTHOM CJIOE ... 88
PaccMaTpHMBaeTcs apMUPOBAHHBINA B OJHOM HANpaBICHHH HEPACTXKMMBIMH U a0COIOTHO THOKHMH BOJTOKHAMH
HCOrpaHWYCHHBIH KOMITO3UTHBIH CJI0i1, UMEIOINH TPEIMHY KOHEYHOH JUIMHBI B MAaTPHILE, MApauIe/IbHY O BOTOK-
HaM, H PABHOMCPHO PAacTATHBaeMblii B HAITPaBICHHH, OPTOrOHAILHOM TpemuHE. C UCIOIb30BAHHEM KOMIIICKC-
HBIX MOTCHITHAIOB MOCTPOCHO pelleHUE, ONUChIBaronice GOPMY pacKpBIBAOILECHCA TPEUIMHBI H ONpeAeIstoIee
HanpsOKEHHOE COCTOSIHUE C TPAJMLIMOHHOI [U1sl KITAaCCHUECKOI TEOPHUH yNIPYTOCTH CHHIYSIIPHOCTBIO 1Iepe]l KOHYH-
KoM TpelimHbl. [To1y4eHo peleHHe aHaIOrHYHO 331a4H C TOMOMILIO COOTHOMIEHUH 00001IEHHON TEOPHH yNpyro-
cru [1, 2], koTopoe onpeaenseT AeGopMUPOBaHHYO (HOPMY TPEILUHBI, OTIHYAIOLLYIOCS OT (OPMBI, COOTBETCTBY-
Io1IeH KJ1aCCUYECKON TEOPHMH YIIPYTOCTH H HE SIBJSIIOILEECS CHHTYJIIPHBIM B OTHOLIEHHH HanpsnkeHUH. [pejuioxen
€noco6 PKCIEPUMEHTATLHOTO ONPEACICHHS BXOAILETO B ypaBHEeHH 00001IEHHON TEOPHUY CTPYKTYPHOTO Napa-
MeTpa M [IPE/ICTABIICHBI YHCIICHHBIE PE3Y/IbTaThl, ONPEACISIOIINE 3aBHCHMOCTH (HOpMBI ICOPMHPOBAHHON Tpe-
IIMHB] M PACNIPEACICHNS HANPSHKEHUH B OKPECTHOCTH TPELIMHDI OT BEIMUHHBI CTPYKTYpHOro napamerpa (c. 88~
98; un. 5).

B.A. lllep6axos, A.H. I'paaynos, A.M. Tepexun, H.B. CaukoBa

BJIMSTHUE HAHOUYACTHIL TIN HA ®OPMHUPOBAHUE CTPYKTYPBl U CBOWCTBA
KOMITO3SHUTOB HA OCHOBE ZRB,-ZR iy sumonmssmsmsenssesspmnseosmars sssspreriassrnss sepsveesvs sompgromssesvons 99
Crarba mocesmeHa nonyyeHnto Meto oM CBC-koMnakTHpoBaHHs KEPAMHYECKHX KOMIO3UTOB HA OCHOBC CHUC-
Tembl ZrB ~Zr ¢ ocraTounoii nopuctocthio MeHee 1% 1 pasmepoM yactui ZrB, medee 1 mkm. Hsyueno Bius-
sue nanoyactul TiN Ha hopMHpOBaHHE MHKPOCTPYKTYPBI KEpaMudeckoro komnosura. ITokaszano, 4To BBeicHHE
B COCTaB PEAKIIMOHHON cMecH HanodacThil TIN NpHBOAUT K GOPMUPOBAHHIO IHCHIEPCHOHN (a3bl M KEPAMHYECKOH
CBSI3KH B BUJE TBEPAbIX pactBopos (Zr,TH)B, u (Zr,Ti)N_c pasmepom uactun aucncpcHoi dassl Menee 0,1 MkM 1
tBepaocThio 1700 - 2200 MITa (c. 99-109; un. 9).

B.T.Canynos

MPOYHOCTD, HAJIEXXHOCThH U JOJNTOBEYHOCTB KOMITO3UTOB

KAK KOHCTPYKIIMOHHDBIX MATEPHAJIOB .....cooiiiiiiiiiiiiiiii e 110
PaccMoTpenbl 0COOEHHOCTH MOBEICHHS! KOMIIO3UTOB 1101 HATPY3KOH. ITpe110)KeH 00MMH NOAX0/1, TIO3BONAFONIMA
NPHHUMATh B PACCMOTPECHHE YKa3aHHbIC 0cOOeHHOCTH, Peanusanus noaxona 1act BO3MOXHOCTE OLCHUTH I1POY-
HOCTb [IPH paspyLICHHH, HA/ISKHOCTH U I0JTOBEUYHOCTb CTEKJIOTCKCTOIMTOB, UCIIOIB3YEMBIX TTPH U3TOTOBICHHU
HEKOTOPBIX 1EMCHTOB KOHCTpYKumit (c. 110-119).
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M.A Xackos, K.P.AxmaaneBa, A.H.Kvapsisuesa, T.A.I'pe6enepa

BIIUAHUE OVIUJIEPEHA C,, HA KHHETHUKY OTBEPXK/IEHUSA TEPMOPEAKTHUBHBIX
CBA3ZYIOUIMX HA OCHOBE BHOKCHUIHDBIX CMOJL ..o 120
Meroom amsnexTpuueckoro anannsa u andepeHUNaIbHONR CKAHUPYIONICH KATOPHMCTPHH H3YUCHO BIMSAHHE
n06aBok ¢ysnepena C,, Ha KHHETHKY OTBEPXKACHHS CBA3YIOUIETO HA OCHOBC MOKCHAHBIX cMOJ1. [10Ka3aHo, uto
n06asku C 3aMCATAIOT PCAKIMIO OTBCPHKIACHHS B KMHCTHYECCKH-KOHTPONHpPYeMOii 061acTH, BEPOSTHO, BCJE/L-
CTBHC 00pa30BaHMs aANyKTa (PyIICPEH-aMHH BbI3bIBAIONIETO NOBBILIEHHC SHEPTHH AKTUBAIMH PCAKLIHH OTBEPK-
ACHHA, W MOBBILIAIOT CKOPOCTh CTPYKTYPHO#H pestakCaliMi HOAMMCPHOH MATPULIBL, 4TO MOMKCT 3aME/ISTh PEAKIUI0
B M dy3HOHHO-KOHTpOHpyemoi obnacTv (c. 120—132; na.2).

H.L.Gajera and S.Manocha

ITOJIYUEHUE I'PA®EHA IIYTEM TEPMUUECKOI'O PACCJIOEHUS U UCCIEJOBAHUE
TEPMUYECKOW CTABHJIBHOCTU I'PA®EH-3TIOKCUAHBIX HAHOKOMITO3UTOB ... 133
[paden Obint noayyen u3 okcH-rpadmTa, KOTOpbIH, B CBOIO 0YEPE/Ih, CHHTC3HPOBAH MOAH(HIMPOBAHHBIM METO/IOM
Xammepcea ¢ HCNob30BaHUEM B Ka9CCTBE HCXOIHOTO MATCPHaNa YelyeK IpHPoaHoro rpaduta. [pn noay4eHuu
rpag)eHa HCro/Ib30BaHO TEPMUYECKOE PACIICIUICHHE BLICYIICHHOIO okcH-Trpaduta. Jlance rpaden Gbln Hecneosan
METO/IAMH CKaHUPYIOLUCH H MPOCBCYHBAIOLICH YTEKTPOHHOH MUKPOCKOITHH W PEHTICHO-CTPYKTYPHOIO aHaH3a.
T'padenH->moKcnaHbIC HAHO-KOMIO3HTHI MOMY4aNIHCh ¢ HCMONL30BAHUEM MCTOAA MEPEMEILINBAHUS pPacTBOPOB.
Binsiene rpadena na tepmuueckyio cTabuAbHOCTL M TEMAEPATYPy CTEKIOBAHHSA HCCICIOBAHO TEpMO-
TPaBUMCTPHYCCKUM aHATN30M H JHddepeHLnanbHoil ckannpyowei kazopumerpun (JICK), cooTBeTCTBEHHO.
TTokazano, 4To BHECCHHE rpadiena B STMOKCHAHBI TOTMMEp NPHBOJHT K YBCTHUYCHHIO CrO TEMIIEPATYPbl ACTPaIALIHH.
Coxpanstonmecs QyHKIMOHANBLHBIE IPYNMbI IPadycHa JEHCTBYIOT KaK KaTalH3aTopbl LS CLUIMBKH MOKCHAHbIX
LICNOYCK, YTO MOBLIIAET TeMNeparypy pasnoxenus marcpuana. JICK-pesynbrarsl MOKas3biBalOT yBEIHYCHHE
TCMIICPATypbl CTEKIOBaHMA OT 126° nns ucxoaHoro smokcuaa a0 1390 ans nomumepa, coaepxamero 1.5%
MaccoBbIX rpadena (c. 133-140; nn. 7).

C.B.Majees, A.C. Jlosnos, U.H..IanteB, H.H.CuTnukos

OHPEAEJIEHUE DKCTUIYATAIIMOHHBIX XAPAKTEPUCTHUK OBPA3LIOB

KOHCTPYKIUMOHHBIX MATEPHUAJIOB U3 YITIEPOJI-VIJIEPOJITHOI'O KOMITO3UTA

JULSL DIIEKTPOOB MOHHBIX JABUTATEIIEM ......o.ooivoioeeeeeeeee oo 141
BTHIL ®I'VIT «entp Kenapimay» BeayTes paboThl MO CO3IAHHIO HOHHBIX IBMIATCICH ¢ MOBBILICHHBIMA pecyp-
CHBIMH XapaKkTCPUCTHKaMH. Pecype aBurarens onpecnsercs Ypo3MOHHOI CTOKOCTHIO MaTepHaa yeKOpsFoLIe-
T'0 3MEKTPO1a HOHHO-onTHueckol cucteMbl (MOC). Haubonkiueii 3po3noHHOM ¢TOHKOCTBIO 061a1a10T MaTepua-
/bl Ha OCHOBE yriepona. InekTpoasl MOC 10mKHBI BbLACPKHBATh CTAPTOBbIE BHOPALMOHHBIC HAIPY3KH, YTO
NO3BOJIACT C/ie1aTh BLIOOP B NOMB3Y yIIepOa-yIEPOAHBIX KOMIIO3HIMOHHBIX MaTepuanos (VYKM). [Hockonbky
MeXaHH4ecKHe u Teriodusuucckue cpoiictea YYKM onpejcisiores TexHonoreil Mpou3BoicTBa. B 1aHHOI pa-
0oTe npuBe/ICHBI PE3yIIBTATHI HCCeA0Banuil cBoiicTB Y YKM poccuiickoro MPOHU3BOJICTBA, POBC/ACHO CPABHEHHUE
Mexanndeckux xapakrepuctik MOC n3 YYKM ¢ nanonnutesncm u3 aByHanpasiennoi Tkanu ¢ MOC, BbITONHEH-
HBIA U3 THTaHa (¢. 141-150; un. 6).
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V.L.Solodilov, 1.V.Bessonov, A.V.Kireinov, N.Yu.Taraskin, A.M.Kuperman

GLASS FIBER REINFORCED PLASTIC WITH EPOXY MATRIX MODIFIED

BY FURFURAL-ACETONE RESIN AND POLYSULFONE ......ccccooiiiiiiii e 77
The paper introduces a novel glass fiber reinforced plastic based on rowing RVMPN-10-420-80 and epoxy matrixes
modified by thermosetting furanic resin, thermoplastic polysulfone, or both these components altogether. Data
obtained confirm viability and promising outlook of epoxy-polysulfone matrixes modified by furanic co-monomer for
manufacturing polymer-matrix composites by winding. Developed multi-component hybrid resins will permit to
broaden substantially technological limits of filament winding. Introduction of 10 wt. % furanic resin into epoxy
resin improves essentially its processability as a result of reducing viscosity by 2-3 times, and, hence, reducing
processing temperature to 20°C. Both fracture and impact toughness Increase noticeable without negative impairing
of glass transition temperature. Maximum efficiency from modification of epoxy matrix with polysulfone is observed
at its concentration above 20 wt. % (p. 77-87; fig. 3).

V.V. Vasiliev, S.A.Lurie

CRACK PROBLEM FOR A UNIDIRECTIONAL COMPOSITE LAYER ... 88
The paper is concerned with analysis of an infinite unidirectional composite layer reinforced with inextensible
and absolutely flexible fibers. The layer has a finite crack in the matrix parallel to the fibers and is loaded with
uniform tension in the direction orthogonal to the crack. The solution of the classical elasticity theory obtained in
terms of complex variables specifies the deformed shape of the crack and demonstrates traditional singularity of
stresses in the vicinity of the crack tip. Analogous solution found within the framework of the generalized theory
of elasticity [1, 2] demonstrates the crack deformation which is different from the solution following from the
classical theory and specifies the stresses that are not singular. An experimental approach allowing us to determine
the structural parameter which enters the cquations of the generalized theory is proposed. Numerical results
demonstrating the dependences of the deformed crack shape and the stress distribution in the vicinity of the
crack on the structural parameter value arc presented. (p. 88-98; fig. 5).

V.A.Shcherbakov, A.N.Gryadunov, A.M.Terekhin, N.V.Sachkova

EFFECT OF TIN NANOPARTICLES ON STRUCTURE FORMATION

AND CHARACTERISTICS OF COMPOSITES BASED ON ZRB -ZR ......ccccociiiiiiiiiiiiineecccns 99
The article is devoted to obtaining by SHS compacting ceramic composftcs on the basis of ZrB.-Zr system with low a
residual porosity (less than 1%) and fine micristructure. The effect of TiN nanoparticles on the microstructure formation
of the ceramic composites was studed. It was shown that introduction TiN nanoparticles in the reaction mixture results
to formation solid solutions of a dispersed phase and a ceramic binder (Zr,T1)B, and (Zr,Ti)Nx accordingly. The particle
size of dispersed phase is less than 0.1 microns and hardness of 1700 - 2200 MPa (p. 99-109; fig. 9).

V.T.Sapunev

RESISTANCE, RELIABILITY AND DURABILITY OF COMPOSITES

AS CONSTRUCTIONAL MATERIALS ...ttt 110
Features (particularities) of behavior of composites under loading are considered. One proposes is the general
approach making it possible to take into account the particularities. The realization gives the chance to estimate
of the resistance of the failure, the reliability and longevity of the laminates containing glass fibers used at
production of elements of designs is offered (p. 110-119).

M.A.Khaskov, K.R.Akhmadieva, A.N.Kudryavtseva, T.A.Grebeneva
AN EFFECT OF FULLERENE C,, ON THE CURING KINETICS

60

OF EPOXY-BASED THERMOSET BINDERS ...t 120
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An effect of fullerene C,, on the curing kinctics of epoxy-based thermoset binders was studied by diclectric thermal
analysis and differential scanning calorimeter. It was shown that the additives of C,, slow down the curing reaction
in the chemical-controlled regime, probably, due to C, -amine adduct formation, which causes an increase of the
activation energy of the curing reaction. The enhance rate of structural relaxation of C, -modified system may slow
down the curing reaction in the diffusion-controlled regime (p. 120-132; fig. 2).

H.L.Gajera and S.Manocha

Preparation of Thermal Exfoliated Graphene and Studies of Effect of Graphene on Thermal Stability

Of Graphene-EPOXY NANOCOMIPOSIIES 1. .oeouiiiiiiiiietiiie ettt e etee e esteastaastasetasesaasearessseesseeesbeeesiaseeebeeasrasemneaseemesamneambeeneeonsoneannes 133
Thermally Exfoliated graphene (TEG) was synthesized from graphite oxide by thermal exfoliation treatment of dried graphite
oxide, synthesized by modified Hummer‘s method using natural graphite flakes as starting material. This thermal exfoliated
graphene (TEG) was characterized using SEM, TEM, and XRD techniques. TEG based epoxy nano composites were fabricated
by using solution mixing method. The influence of graphene on the thermal stability and glass transition temperature of nano
composites was studied by using thermo gravimetric analysis and differential scanning calorimetry, respectively. The thermo
gravimetric results showed higher thermal stability of composites in comparison with pure epoxy and also an increase in char
yield with increase in graphene content. It shows that pure epoxy resin starts degradation at 341 °C and maximum degradation
takes place at 370 °C temperature and in case of composite with 1.5% of TEG degradation starts at 368 °C and maximum
degradation takes place at higher temperature of 390 °C (p. 133-140; fig. 7).

S.V.Madeev, A.S.Lovtsov, L.N.Laptev, N.N.Sitnikov

EVALUATION OF OPERATIONAL CHARACTERISTICS

OF CARBON/CARBON COMPOSITES FOR GRIDS OF ION ENGINES ... 141
Keldysh Research Center investigates ion thrusters with extended lifetime capability. The lifetime depends on erosion
resistance of material of accelerating grid of ion optics system (10S). Carbon materials have the greatest erosion resistance.
The grids of 10S must withstand launch vibration loads, therefore carbon/carbon composites look more promising.
Mechanical and thermal properties of carbon composites depend on fabrication technology. Tests results, a complete
description of the tests, and results of comparison of mechanical characteristics of carbon-carbon 10S and titanium 10S
are presented herein (p. 141-150; fig. 6).
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