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COJIEP’KAHUE

B.U.Counoaunnos, U.B.becconos, A.B.Kupeiinos, H.}O.Tapackun, A.M.Kynepman

CBOMCTBA CTEKJIOIUIACTUKOB HA OCHOBE DITOKCHHOT'O CBS3VIOIIEIO,
MOJIUDPUITUPOBAHHOI'O ®YPD®YPOJIAIIETOHOBOM CMOJION U TTOJIUCYJIbAOHOM ........... 77
B pabote mpezcTaBieHbl pe3ynbTaThl U3yUYEHHsI CBOMCTB CTEKJIOIJIACTUKOB HA OCHOBE CTEKJISTHHOTO BOJIOKHA
PBMITH 10-420-80 u 31IOKCHAHBIX MaTPHIL, B COCTaB KOTOPBIX BXOJIAT MO0 TepMOpEaKTUBHAs (pypaHOBasi CMOJIa
®DA-5, mubo nonucynbdon [ICK-1, mubo 06a 3TMX KOMIIOHEHTa COBMECTHO. [loiTyueHHbIe JaHHBIC TIOATBEPKIAI0T
MIEPCIIEKTUBHOCTD UCTIOJIb30BAHMS ATIOKCHUITOIUCYIBL(OHOBBIX MaTPUII, MOIU(DHUIIMPOBAHHBIX ()ypPaHOBBIM OJIMTOME-
POM, JUTSl U3TOTOBJICHUS KOMITO3UIIMOHHBIX MaTepranoB. Co3aaHHble THOPUIHBIE MHOTOKOMIIOHEHTHBIE CBS3YIO-
1Y€ MO3BOJISIFOT CYIIECTBEHHO PACIIUPUTH TEXHOIOTUYECKHE BO3MOKHOCTH MeToja HaMOTKH. Beenenue 10 mac.
% DA-5 B 3TIOKCHAHBIE CBA3YIOIIHE, COACPIKAIINE TTOIHUCYIBL(OH, TO3BOJISET 3HAYUTEILHO MTOBBICUTD UX TEXHOJIO-
TUYHOCTb, T.K. B 2-3 pa3a cHmkaeTcs Bsa3kocTh ¥ Ha 20 °C temmeparypa nepepadbotku. [Ipu 3ToM TpemumHo- u
YJIapOCTORKOCTh apMUPOBAHHBIX [IACTUKOB 3aMETHO YBEJIMYUBACTCS TPAKTHUSCKH 0€3 CHIIKEHUS TEMIIEPATyPhl
CTeKJIoBaHUsI. MaKcUMaNbHBIA 3QQEKT OT BBEJCHNUS MOIUCYIb()OHA B SMOKCUAHYIO MAaTPUIly HAOIIOAaeTCs MpH
nobasiennu 6osee 20 mac. % [ICK-1 (c. 77-87; wi. 3).

B.B.BacunbeB, C.A.Jlypbe

3AJAYA O TPEIIMHE B OAHOHAITPABJIEHHOM KOMITO3UTHOM CJIOE ......cccooiiiiiiiiees 88
PaccmarpuBaeTcs apMUPOBaHHBIN B OJJHOM HalpaBICHUH HEPACTSKUMBIMH U a0COJTIOTHO THOKMMH BOJIOKHAMU
HEOTPAaHUYECHHBIN KOMIIO3UTHBIN CJIOM, UMEIOIIUN TPEIUHY KOHEUHOH JUIMHBI B MATPULIE, NAPAJLIEIBHYO BOJIOK-
HaM, U PaBHOMEPHO pacTsATHBAEMBbI B HAIIPaBICHUH, OPTOTOHANBHOM TpeuirHe. C UCTIO0Ib30BaHUEM KOMILIEKC-
HBIX TIOTEHIIMAJIOB MOCTPOCHO PEUICHUE, OMKIChIBaoIIee (OPMY PACKPBIBAIOLIEHCS TPEUIMHBI H ONpPeAesIoee
HAIPSDKEHHOE COCTOSIHUE C TPAAUIIMOHHOH /1T KIIACCHYECKON TEOPUH YIPYTOCTH CUHTYISIPHOCTBIO TIepe i KOHYH-
KoM TpetuHbl. [TomydeHo penienue aHamornYHoM 3aJa91 ¢ TOMOILBIO COOTHOIIEHUH 0000IIEHHON TEOPHH YIIPYTO-
ctu [1, 2], koTopoe omnpezensier 1ehopMHPOBAHHYIO (DOPMY TPEIMHBI, OTIUYAIOIIYIOCS OT (POPMBI, COOTBETCTBY-
IOMIEH KITaCCHYECKON TEOPUH YIPYTOCTH U HE SBIISIONICECS CHHTYJSIPHBIM B OTHOILICHUH HanpshkeHui. [Ipeioxken
Croco0 IKCIEPUMEHTATBHOTO OIIpe/IeNICHHS BXOSIET0 B ypaBHEHUSI 0000IEHHOM TEOPHU CTPYKTYPHOTO Hapa-
MeTpa ¥ MPEACTaBICHbl YHCICHHBIE PE3YIIBTAThI, OMPEACIISIONINE 3aBHCUMOCTH (OPMBI Ae(OPMUPOBAHHON Tpe-
HIMHBI ¥ pacipe/elieHus HapsDKEHUH B OKPECTHOCTH TPEIMHBI OT BEIMYMHBI CTPYKTYpHOTO napametpa (c. 88—
98; ui. 5).

B.A. Illep6akoB, A.H. I'psaynoB, A.M. Tepexun, H.B. CaukoBa

BJIUSHUE HAHOYACTUIL] TIN HA ®OPMUPOBAHUE CTPYKTYPhl U CBOMCTBA
KOMITO3HUTOB HA OCHOBE ZRB,-ZR ...oooiiiiiiiii 99
Crarbst nocBsineHa noiay4dernio MmetooMm CBC-koMmakTHpoBaHus KepaMHUECKUX KOMIIO3UTOB Ha OCHOBE CHC-
TeMbl ZIB,—ZI ¢ 0cTaTO4HOM MOpUCTOCThIO MeHee 1% u pasmepom vactull ZrB, menee 1 mxm. M3ydeno Bius-
Hue Hanouactuil TiIN Ha GpopMHUpOBaHUE MUKPOCTPYKTYPhI KEpAMUUECKOTO KoMIo3uTa. [lokazaHo, 4To BBeieHHE
B COCTaB PEAKIIMOHHON cMecH HanodacTul] TiN NpuBOAXT K (POPMUPOBAHHIO AUCTIEPCHOH (ha3bl M KEPaMHUECKOH
CBA3KHM B BHJIE TBEP/bIX pacTBOpoB (Zr,T1)B, u (Zr,Ti)N, ¢ pasmepom vacTuil qucnepcHoit gpasel Menee 0,1 Mkm 1
tBepaocthio 1700 - 220MIla (c. 99-109; uin. 9).

B.T.Canynos

ITPOYHOCTD, HAJIEXKHOCTH U JTOJITOBEYHOCTH KOMITO3MTOB

KAK KOHCTPYKIHMOHHBIX MATEPHAITIOB ......oooeiiiieee et 110
PaccmoTpeHbl 0COOEHHOCTH MTOBE/ICHUST KOMIIO3UTOB 11071 Harpy3koid. [Ipeiosken o0yl mo1xo; 1, MO3BOJISFOIIU T
MPUHUMATh B PAaCCMOTPEHHUE YKa3aHHbIC 0COOCHHOCTH, Peasin3anus moaxoja JIaeT BO3MOKHOCTh OI[CHHUTh TIPOY-
HOCTb IIPU pa3pylIeHUH, HAZEKHOCTh U IOJTOBEYHOCTh CTEKIOTEKCTOIMUTOB, UCIIOIb3YEMbIX ITPU U3TOTOBICHUU
HEKOTOPBIX 3JIEMEHTOB KOHCTpYKIMii (c. 110-119).
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M.A.XackoB, K.P.AxmagueBa, A.H.KynpsiBuesa, T.A.I'peGeneBa

BJIIMSAHUE ®YJUIEPEHA Cy,, HA KUHETUKY OTBEPXAEHWA TEPMOPEAKTHBHBIX
CBA3YIOINX HA OCHOBE SIIOKCUHBIX CMOJL.....coioiiiiiiiieiiiieieseeee et 120
MeTo10M IMAIEKTPUUECKOTO aHa u3a U TuddepeHInanbHOl CKaHUPYIOIEH KalOpUMETPUN N3YyUYeHO BIUSHHE
no6aBok dymiepena Cy) Ha KHHETHKY OTBEPKAEHHS CBS3YIOIIETO Ha OCHOBE MOKCUAHBIX cMoll. IToka3aHo, 4To
no6aBku Cgy, 3aMEIISIFOT PEAKIUIO OTBEPIKACHUSI B KHHETHYE CKU-KOHTPOJIIUPYEMOi 00JIacTH, BEPOSITHO, BCIIE-
CTBHE 00pa3oBaHus aiIyKTa QyIIepeH-aMHUH BBI3bIBAIOMICTO MOBHIIICHHE YHEPIHH aKTHBAI[MH PEaKIIUN OTBEPXK-
JIEHUsI, U TIOBBIIIAIOT CKOPOCTh CTPYKTYPHOM penakcaryy MoJIMMEpHON MaTpHIlbl, YTO MOXKET 3aMEIIATh PEAKIIUIO
B 1P Py3nOHHO-KOHTpOIMpyeMoit obractu (c. 120—-132; ui. 2).

H.L.Gajera and S.Manocha

[NOJIVUEHUE 'PA®EHA IIYTEM TEPMUYECKOI'O PACCJIOEHUS U UCCJEJOBAHUE
TEPMUYECKON CTABUJIBHOCTU I'PA®EH-IIIOKCHUJIHBIX HAHOKOMIIO3UTOB................... 133
I'pacdhen ObLT ONTYYeH U3 OKCU-TpadUTa, KOTOPBIN, B CBOIO OUEPE/lb, CHHTE3UPOBAH MOIU(PUIIMPOBAHHBIM METOIOM
Xammepca ¢ HCIIONIBb30BaHUEM B KaUueCTBE HCXOJHOTO MaTepraa yelryek npupoaHoro rpapura. [Ipu nonydenun
rpad)eHa HCIIOJIb30BAHO TEPMUYECKOE PACIICIIIICHHUE BBICYIIICHHOTO OKCU-rpaduTa. J{anee rpaden Obu1 HCCIe10BaH
METOJIaMH CKaHUPYIOIIEH U PO CBEYUBAIOIICH IMEKTPOHHOW MUKPOCKOITUH U PEHTT€HO-CTPYKTYPHOTO aHAJIN3a.
rpa(beH-E)HOKCI/II[HI)IC HAaHO-KOMIIO3UTHI MMOJYy4YaJIMCh C HUCIOJB30BAHUEM MCTOJia NNEPEMEIIMBAHUA PACTBOPOB.
Bnusitnue rpadeHa Ha TepMHUECKYIO CTAOMIBHOCTH M TEMIEPATypy CTEKJIOBAHUS HCCIEIOBAHO TEPMO-
rpaBUMETPUYECKUM aHATU30M U JuddepeHunansHoi ckanupyromieid kanopumetpuu (JICK), cooTBeTcTBEHHO.
HOKaSaHO, YTO BHCCCHHEC rpa(beHa B E)HOKCI/IZ[HI)If/'I MOJIMMEP NPUBOJAUT K YBECIIMYCHUIO €T0 TEMIICPATYPhI ACTpagaliiu.
Coxpansroiuecs GyHKIIMOHAJILHBIC TPYIIIbBI IpadeHa IelCTBYOT KaK KaTaau3aTOPhI JIJIsl CIIMBKH STTOKCHTHBIX
L[EMOoY€eK, YTO MOBBIIAET TeMIeparypy pasznoxeHus marepuana. JJCK-pe3ynbTarsl MOKa3bIBalOT yBEJIHYEHUE
TEeMIIepaTypbl CTEKJIOBaHMUSA OT 126° My McxoaHoro anokcuaa g0 139° nis monumepa, copepxkariero 1.5%
MaccoBbIX Tpadena (c. 133-140; un. 7).

C.B.Mageen, A.C. Jlosuos, U.H./lanteB, H.H.CuTHHKOB

OITPEAEJIEHUE SKCIUIYATAHMOHHBIX XAPAKTEPUCTHUK OBPA3IIOB

KOHCTPYKIMOHHBIX MATEPUAJIOB U3 YIJIEPOA-YIJIEPOAHOI'O KOMIIO3UTA

JUISL DJIEKTPOJIOB MOHHBIX JIBUTATEJIIEI ..........ooooiveeeeeeeeeeee e 141
B I'HI[ ®I'VIT «lenTp Kenmpimay BexyTcst pabOThI TI0 CO3/ITAHUEO MOHHBIX JIBUTATENICH C TIOBBIIICHHBIMU PECYP-
CHBIMHU XapaKkTepucTHUKaMu. Pecypc ABUraTesns onpeaenseTcst 3po3MOHHON CTOMKOCTBIO MaTepraia yCKOpsIoIe-
ro 3JieKTpona nonHo-ontuueckoit cuctemsl (MOC). Haubombiel 3po3uoHHON CTOMKOCTHIO 00JIaIal0T Marepua-
76l Ha OocHOBe yriepona. dnexrpoasl NOC momkHbI BBACPKUBATH CTAPTOBbIE BUOPAIIMOHHBIE HATPY3KH, YTO
MO3BOJISIET C/IeNIaTh BBIOOD B MOJIB3Y YIIIEPOI-YIIIEPOJHBIX KOMIO3UIIMOHHBIX MaTtepuanoB (Y YKM). [Tockonbky
MexaHudeckue u teriopusnueckue ceoiictea Y YKM onpe/ensitoTes TeXHOJIOTHEH TPOU3BOICTBA, B JAHHOM pa-
00Te IPUBE/ICHBI Pe3yJIbTaThl HCCieIoBaHuN cBOMCTB Y Y KM poccuiickoro mpon3BoJICTBa, IPOBEICHO CPAaBHEHHE
Mexanndeckux xapakrepuctuk MOC u3 YYKM c nHanonnuTenem u3 asyHarnpasieHHoH Tkanu ¢ MOC, BeirosiHeH-
HBIH U3 THTaHa (c. 141-150; m. 6).
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CONTENS

V.I.Solodilov, I.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 .....c.coiiiiieee e Id.....

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 20Both 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.(§6 77-87; fig. 3).

V.V. Vasiliev, S.A.Lurie

CRACK PROBLEM FOR A UNIDIRECTIONAL COMPOSITE LAYER .....cccoiiiiiiie e, 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 determin
the structural parameter which enters the equations of the generalized theory is proposed. Numerical result
demonstrating the dependences of the deformed crack shape and the stress distribution in the vicinity of the
crack on the structural parameter value are presefpef8—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 .......cccccooiiiiiiiiiiinicc 929
The article is devoted to obtaining by SHS compacting ceramic composites 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,Ti)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.Sapunov

RESISTANCE, RELIABILITY AND DURABILITY OF COMPOSITES

AS CONSTRUCTIONAL MATERIALS ..ottt e e e e e e e e e e e e e aennn 110
Features (particularities) of behavior of composites under loading are considered. One proposes is the gener
approach making it possible to take into account the particularities. The realization gives the chance to estimate
of the resistance of the failyrthe reliability and longevity of the laminates containing glass fibers used at
production of elements of designs is offe(pdl 10-119).

M.A.Khaskov, K.R.Akhmadieva, A.N.Kudryavtseva, T.A.Grebeneva
AN EFFECT OF FULLERENE ¢ ON THE CURING KINETICS
OF EPOXY-BASED THERMOSET BINDERS ..o e e e e e e 120.....
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An effect of fullerene ¢;on the curing kinetics of epoxy-based thermoset binders was studied by dielectric thermal
analysis and differential scanning calorimeter. It was shown that the additivgslofixCdown the curing reaction

in the chemical-controlled regime, probably, due jgainine adduct formation, which causes an increase of the
activation energy of the curing reaction. The enhance rate of structural relaxatjpmofd@ied system may slow

down the curing reaction in the diffusion-controlled regime 20—-132; fig. 2).

H.L.Gajeraand S.Manocha

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

0f Graphene-EPOXY NANOCOMPOSILES ....c.eevieieriieieriieieiteetesteeteeteeteeseesseestesseessesseessesseessesssessesssesmssessesssessesssesseessesseessessees 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 fabricate:
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 degradatio
takes place at 370 °C temperature and in case of composite with 1.5% of TEG degradation starts at 368 °C and maximun
degradation takes place at higher temperature of 390 °C (p. 133-140; fig. 7).
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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 ((@&)on materials have the greatest erosion resistance.

The grids of I0S 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 I0S
are presented herein (p. 141-150; fig. 6).
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