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B.C.3apy6un, I H.KyBripkun, H1.10.CaBenneBa

TETUIONPOBOJHOCTDH TEKCTYPUPOBAHHOI'O KOMIIO3UTA C AHU3OTPOITHBIMU

TINTACTHHYATBIMU BKIIOUEHHMSMU ......c.cooiioiiiiiiiiirniinitcetree st steae e stsiees e tsee et a s sns s bbbt st s bbb nen . |
C rcnons3oBaHKeM pa3paGoOTaHHONH MaTEMaTHIECKOM MOJENH [IEPEHOCA TEIUIOBOH SHEPTHH B KOMIIO3UTE C AHM3OTPOITHBIMU BKIIFOUECHUAMM
B BHJIE TPEXOCHBIX IHICOMOB IIPEANIOXKEHA IPOLelypa BEIYHCIIEH)A KOMIIOHEHTOB TeH30pa QO eKTUBHOM TEILIONPOBOXHOCTH TEKCTY-
PUPOBAHHOI'0 KOMIIO3UTA C INIaCTHHYATHIMH BIJIIOUEHHAMHY, TIPEACTABICHHBIMH CHITBHO CILTFOLICHHEIM ! CeporIaMu, ofliafalomuMu CBOH-
CTBOM TPaHCBEPCANBHONH H30TPOITHA OTHOCHTEILHOM OCH BpaleHus. [IpoBeieHs! pacyeThl JUll Pa3HBIX BAPHAHTOB KOHHYECKOH TEKCTYPEI
KxoM103uTa. [loy4eHHbIe Pe3ynbTaTbl MOTYT OBITh HCITONB30BaHKE A OUCHKH 3¢ eKTHBHEIX K03 QHIMEHTOB TENIONPOBOAHOCTH TEK-
CTYPHPOBaHHEIX KOMIIO3MTOB, MOAX(HUNPOBaHHEIX HAHOCTPYKTYPHEIMH 3JIeMeHTaMH (B 4aCTHOCTH, pparMeHTamMu rpadena). B cuny
3MEKTPOTEIIIOBOMH aHATIOTHH 3TH Pe3ybTaThl IPHMERHMBI P PACCMOTPEHHH XapaKTEPHCTHK 3MEKTPOIPOBOIHOCTH H AHAIEKTPUYECKOH
TIPOHUIIAEMOCTH TEKCTYPHUPOBAHHEIX KOMIIO3UTOB (c. 1-13; ui. 3).

11.A.Benos .

OBLIEE PEIIEHWE YPABHEHUMA YTOUHEHHOM TEOPUM MUHITIMHA ............ccooooivveeenrerieeeesssiesessinnsssnsssenssseesssnsssssssssonns 14
Crpourcs ofliee peleHHe ypaBHEHHH YTOMHEHHOH TeopHH MuHInnHa. Y TO4HeHHe 3aKIoYaeTcs B TOM, YTO TEH30p MOMYNEH IHECTOro paHra
COZIEPUT He OIMHHAMIATE MOTYIIEH, KaK B KilaccH4eckoi TeopH MHHITHHA, a TONEKD CeMb. PaHee GhIT0 Ioka3aHo, YTO TAKOE COKPAILIEHHE HEKITACCH-
4eCKHX MOTYTIEH ONpEeNFeTCs BEIIOIHEHNEM TpeGoBaHHA MONOKUTENLHOH ONPeIeNIeHHOCTH NoTeHIMasHOM 3HepruH. [TocTpoerHOe perienye s
TIpEMEILEHHH NPEICTABIIEHO B BHJIE CYTIEPIIOZHLIMM TPEX BEKTOPHBIX MOJEH: 1101 KITACCHYECKUX NepeMEILEHHIT M JIBYX IIOJIEH KOTE3HOHHBIX ITepeMeIte-
HMI, KOTOpBIC MOKHO TPaKTOBaTh KAK HEKJAacCHYECKHE MONpaBKH B TeopHH MHHIIMHA K KNaCCHYECKOMY PEIEHHIO Ul NepeMernenmit. Ilons
KOTE3HOHHBIX MEpEMEILIEHHH YIOBIETROPSIOT 0G00IEHHBIM GUIrapMOHHYECKUM YPaBHEHHSM, KOTOPBIE MOKHO NPETICTABHTE Kak MPOU3BEACHHS IBYX
pasHbix oneparopos [enemronsia. B ormiawe ot reopiu Tymina, B KOTOpOi H0JIE KOTE3HOHHBIX IIEPEMEILEHAM O/THO, B YTOTHEHHOM Teopuy Mum-
JIMHA TAKHX KOre3HOHHRKIX 11071eH 1Ba, ¥ OHM MOTYT GBITH KOMILTEKCHO-COMPSDKEHHBIMH. 3TO NPHBOIHT K BO3MOKHOCTH ONTHCAHHS KAYECTBEHHO HHBIX
TIofiel epeMeNICHHH, YeM B KIIACCHYECKOH TeOpHH YIIPYTOCTH WM TPafMeHTHOH Teopun TymiHa. KpoMe Toro, IocTpoeHo pelieRre ais ol
HECOBMECTHOH JIMCTOPCHH, KOTOPOS Hapsy ¢ GyHAaMeHTaEHBIMH (hYHKIMAMH, BXOIIIMMH B BBIpXKEHHUS U IEPEMELIEHHH, COIEDKHT TPH AOTION-
HHTENBHBIX (DYHIAMEHTAILHEIX petieHHs. OTH (GyHIaMEeHTATLHEIE PELICHHS HEJTh3s TIPEICTABHTL B BUJE BEKTOPA, TAK KaK OHH HMEKOT PasHylo
TEH30PHYO HPUPOY ¥ pasri. OIIHO pellieHNE TRISETCA NCEBIOCKAIAPOM M ONPe/IeNeT MOTEHUHANEHYIO 9acTh BEKTOPHOTO TOJIA CITHHOB (HECOBMe-
CTHBIX TIOBOpOTOB). J{Ba ApyTHX (yHIAMEHTATLHBIX PELICHHA ONPEAENAIOTCA He3aBUCHMBIMU KOMTIOHEHTAMH TCH30pa-A€BHATopa HECOBMECTHBIX
JIMCTOPCHIA, Ha KOTOPHIH HAZIOXKEHO IONOIHHTENBHOE TPeOOBAHME PABEHCTBA HYITIO €10 IMBepreHiHy (c. 14-24).

B.B.Bacmabes, C.A.Jlypee

MOJIEJIb CIUIOIIHOW CPEJIbI C MUKPOCTPYKTYPOI
B cTaThbe ommHcEIBaETCS MOAENE CIUIONTHOM CPENbI C MUKPOCTYKTYpPOi, IS KOTOPO# COOTHOMIEHHS KJIaCCHYECKON MEXaHHKH TBEPJIOTO TeNa,
OCHOBaHHBIE Ha aHaM3¢ ¢ yHKIMH, OIMICHIBAlONIHX OBE/ICHHE CPEB B OKPECTHOCTH TOUKH, OKa3bIBAIOTCS HECTIpaBeIMBEIMH. [ Ipeanonara-
€TCH, YTO Cpefa COCTOMT M3 YACTHIL C MaTBIMU, HO KOHEYHEIMH pa3sMepaMH, He TIO3BOJISOLIMMH BBIIETHTD H3 Hee OECKOHEYHO MaJIbli S/IEMEHT,
W B CBA3H € 3THM 0600matorcst HyHKIHOHATLHEIE COOTHOLICHUA, OCHOBAHHEIE Ha aHANTH3e OeCKOHEYHO MaITKIX BelInuuH. [TomydeHHEIe COOTHO-
HICHHSA JUTSA CKaJIAPHEIX, BEKTOPHBIX H TEH30PHEIX OYHKLMIA NpeiaraeTcs HCIIOIb30BaTh B 3a1a4aX, PEIICHHA KOTOPEIX B pAMKAX KIlacCHYeC-
KOH MOZENH cpeAbl 06/1anaroT GOMBIMMH TPafHEeHTaMH WIH SBINAIOTCS CHHTYISPHEIMU. B KauecTBe IPUMEPOB pacCMaTPHBAIOTCS 3afada o6
OIHOOCHOM PACTSiKEHHH CTEPKHA U CHEPHUICCKU CHMMETPHYHAS CUHTYIISPHAS 3aj(a4a Ul MOJENbHOI cpeant (c. 25-33; un. 1).

C.M. Hukyaun, A A, Tamknnos, B.E. Hlasuryxos, A.B. Poxkos, B.B. UecHokos, E.A. TlaykmTuc

PA3PABOTKA METOJIA BBEJEHUSI MHOT'OCJIOMHBIX VIJIEPOJHBIX HAHOTPYBOK

B 3IOKCUIHBIE NMOJUMEPHI 1A ITOBBIHNIEHUS ITPOYHOCTH MATEPHUATIA ..
PaccMoTrpens! iBa BapHanTa MOIHGUKALIHH 3TOKCHIHOTO ITOIHMEpa, Hoay4aeMoro u3 cMoisl O/1-20, pyHKunonaTn3upoBaHHBIMA yrnepo;(-
HBIMH HAaHOTPYOKaMH, ¢ ipeobianaHHeM KapOOKCHITBHBIX H M'MAPOKCHABHBIX QYHKUMOHAIBHEIX IPYIL Mccne1oBana npoYHOCTs MOIHGHIIN-
POBAHHBIX IOJTMMEPHBIX 06Pa3LOB, TOTYYaeMbIX METOJAMHM «XONOAHOM» H TEPMHUUYECKOH TIoTMMepH3aliui. BrissiieHa o6nacTs KOHIEHTpalHii
118 APOBEAEHHA MOIHHUKALNH STIOKCHIHOrO NI0JIMMEpPa MHOTOCHOHHBIMH YTIASPOHBIMH HAHOTPYOKaMH ¢ npeoli1aiarouiuM cofepKaHHEM
KapOOKCHIILHBIX MPYTII COOTBETCTBYIOIIA HAUOOIBIIEMY YBETHUYEHHIO IPOYHOCTH MaTepyalia pu cxatuu. (c. 34—40; ni. 1).
JJ1.Crapokagomckuii, E.M.ITaxnaoB

DOUUKO-MEXAHHYECKHWE CBOMICTBA 3MOKCUIHBIX KOMITO3UTOB C 10-50 MAC% TTIUPODWIITHTA .................... 41
‘YeraHoBNEHO BITMSHHE MUKPO- H HAHOYACTHI THPOQHILTHTA Ha IIPOYHOCTHBIE XapaKTEPHCTHKH, TEPMOCTORKOCTE H XMMCTONKOCTH NOJIHITTOKCHAA.
TlokasaHo, YTO B 11€JIOM HAaNOIHEHHE IPHBOLNUT K POCTY XHMCTOMKOCTH H TEPMOCTOHKOCTH KOMIIO3HTA, CHHIKEHHIO €T0 Ycanku. CToHKOCTb K
HCTHPAHUIO KOMMNO3KTa PacTET ¢ POCTOM HanonHerud. OJHAKo B {eJ0M HaNOJIHEHHE HE IPHBOIUIIO K POCTY OCHOBHBIX HCCJIEOBaHHBIX
XapaKTEpUCTHK NpoYHocTH. [TIpOYHOCTE IPH CKATHH CHUXXAETCS C pOCTOM HanoJIHeHus, npu4éM nocne 10 mac% mupodunnuta xapakrep
pa3pyuleHHsA KOMIIO3HTa M3MEHSETCH C TUIACTHYHOro Ha Xpynkuii. C HanosHeHHeM He HaONIoIaeTca PocTa IPOYHOCTH TNPH pasphiBe
CTEKIOMIACTHKOB HA OCHOBE KOMII03HTA, a aire31sA KOMIIO3UTa K CTEKIIONIACTHKY NOBBINIAETCS JINIIb [IPH ONpENENEHHBIX HanomHeHHsX (10
Mac%). MeTonoM iepuBaTorpa(un NOKa3aHo, YTO HATIOHEHHE He M3MEHAET TemnepaTypy 10%-i oTepi Maccel, ¥ CIOCOGCTBYET YMEHBLUICHHIO
MacChl BHITOPEBIIErO BENIECTBA NPONOPIHOHANBEHO HANOMHEHHIO. MeTOIOM OHOCTOPOHHEr0 HarpeBa Ha BO3JlyXe YCTaHOBIIEHO, 4TO THPO-
Ut cnoco6eTByeT MOBBILIEHHUIO TEPMOCTORKOCTH OTHAMOKCH A, 0COOCHHO NPH BRICOKHX HAIONHEHHAX HA HAYATBHBIX H CPEIHHX CTaHsAX
pasnoxeHns. C pocToM HallONHEHHA PAacTET TaKKe CTOMKOCTh K HabyXaHHIo B 3dupareTarHoM nonurpagdconbpente. [TokazaHa BO3MOXHOCTh
TIpMMEHEHHS MHPO(HUIITHTA KaK YAEUIEBIAIOMIETO HANOIHUTENA 171 HOIM3NOKCH A, CTIOCOOHOTO YIyYMHTE HEKOTOPBIE TPaKTHIECKH BAXKHEIE
CBOHCTBa (CTOMKOCTB K HCTHPaHHIO, 6€3yCal09HOCTh, TEPMOCTOHKOCTD, CTOMKOCTE K CONBBEHTY) (c.41-51; 1. 9).

A.M.Camaranze, B.A.Huxndopos, U.B.Ilapaxun

WCCINEJOBAHUE CBONCTB KPEMHUMOPTAHUYECKHAX CBA3YIOIUX C JOBABKAMU JIJI PASPABOTKU
CTEKJIOTEKCTOJIMTA PAJUOTEXHHUUYECKOI'O HASHAUEHMA .......oooiieiie ettt sem e er e renarensaes 52
VYeTanoBNIEHa BOZMOXKHOCTb CO3AaHHA CTEKNOTEKCTOIMTOR Ha OCHOBE MATOTOKCHYHBIX HU3KOBS3KHX KPEMHHHOPTaHMYECKUX CBA3YIOMHX.
H3ydcHo BIHSHHE THIIA OTUTOMEPA, MOHOMEPOB, KaTaJIH3aTOPOB H cTabHNH3HPYIOMHX N06aBOK Ha BA3KOCTh, XXH3HECTOCOOHOCTh HCXOMHBIX
KOMIIO3HIM#1 H BBIXOJI HEPaCTBOPHMOH 9aCcTH, Ka4€CTBO, TEPMOCTAGHIBEHOCTh, 30JIBHOCTD OTBEP KACHHBIX KOMNO3H1IuMii. [To xoMIutekcy TexHO-
TOrHYECKUX H MEXaHWIECKHX CBOMCTB, YCTAHOBIEH ONITHMATBHBIIH COCTAB OJIMTOMEp-MOHOMePHOH KOMIO3HLIHH (c. 52-58).
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Zarubin V.S., Kuvyrkin G.N., Savelyeva LY.

THERMAL CONDUCTIVITY OF THE TEXTURED COMPOSITE WITH ANISOTROPIC

LAMELLAR INCLUSIONS ...ooiiiiotrtiirtiei st eessacseseeseseseessenestsestetesetetsaseosstssesessessssestessatsesssasnsstsessnsasssasasessssatononssessssasssesesasssesasssssassses 1
A mathematical model of thermal energy transfer in a composite with anisotropic inclusions in the form of three-axis ellipsoids the procedure
of calculation of tensor components of effective thermal conductivity of the textured composite containing lamellar inclusions modelled by
strongly flattened spheroids of a transversal isotropy around arelative axis of rotation is suggested. The general model was developed earlier.
Calculations for various of conic textures of the composite are carried out. Results obtained can be used for an evaluator of effective
coefficients of thermal conductivity of the textured composites modified by nanostructural elements (in particular, by graphene fragments).
Due to electrothermal analogy, these results are applicable to consideration of characteristics of electric conductivity and dielectric permeability
of textured composites (p. 1-13; fig. 3).

Belov PA.

GENERAL DECISION IN THE SPECIFIED MINDLIN’S THEORY .....coovrvmeinieniiiecrcriesesisesssesseseseesrsessossssssssssessasssosesesssnnss 14
The general decision of the specified Mindlin’s theory equations is under construction. Specification is that a tensor of moduli of the sixth rank
contains not eleven moduli as in the classical theory of Mindlin but only seven. Earlier it was proved that such reduction of nonclassical moduli is
defined by implementation of the requirement of positive definiteness of potential energy. The constructed decision for displacements is presented
in the form of superposition of three vector fields: field of classical displacements and two fields of cohesive displacements which can be treated as
nonclassical amendments in Mindlin’s theory to the classical decision for displacements. Fields of cohesive displacements satisfy to the generalized
biharmonic equations which can be presented as multiplication of two different Helmholtz® operators. Unlike Toupin’s theory in which there is one
field of cohesive displacements, in the specified Mindlin’s theory the number of such cohesive fields is two, and they can be complex interfaced. It
leads to possibility of the description qualitatively of other fields of displacements, than in the classical theory of elasticity or the gradient theory
of Toupin. Besides, the decision for a field of free distortion which along with the fundamental functions entering expressions for displacements
contains three additional fundamental decisions is constructed. These fundamental decisions can’t be presented in the vector form as they have the
different tensor nature and ranks. One decision is a pseudo-scalar and defines potential part of a vector field of spin. Two other fundamental decisions
are defined by independent components of a tensor-deviator of free distortions on which the additional requirement of equality to zero its
divergention is imposed (p. 14-24).

Vasiliev V.V., Lurie S.A.

MODEL OF A SOLID WITH MICROSTRUCTURE ....ccooistrueeermtrenccntrerercssneesessssssssesesesesescsssesssssassesssssssssesessassssisssssnssssssssssessnessrsssnsse 25
The paper is concerned with mathematical simulation of the solid for which the classical equations of solids based on the analysis of the field
functions behavior in the vicinity of a point are not valid. The solid is assumed to consist of a system of particles whose small but finite
dimensions does not allow us to single out an infinitesimal volume element and to apply directly the classical differential calculus. It is
proposed to use the obtained expressions for scalar, vector and tensor functions to study the problems whose solutions obtained within the
framework of the classical solid mechanics are characterized with high gradients or are singular. A beam under uniaxial tension and a model
singular spherically symmetric problem are considered as examples (p. 25-33; fig. 1).

S.M. Nikulin, A.A.Tashkinov, V.E.Shavshukov, A.V. Rozhkov, V.V.Chesnokov, E.A.Paukshtis

A DEVELOPMENT OF THE METHOD OF INTRODUCING

MULTI-WALLED CARBON NANOTUBES IN EPOXY POLYMERS

TO ENHANCE STRENGTH OF THE MATERIAL ......cooovoirtemitieieeirtrintereenieesnesee s e iretetesesesesesosssessssnesesses sestasasnssassessasessssssassesssnses 34
Two variants of the modification of epoxy resin obtained from resin ED-20 by functionalized carbon nanotubes with a predominance of the
carboxyl and hydroxyl functional groups. The strength of the modified polymer samples obtained by methods of «cold» and «hot» polymerization
was measured. Concentration range of multilayer carbon nanotubes with predominant content of carboxyl groups the epoxy resin corresponding
to the largest increase in the compressive strength is found. (p. 34—40; fig. 1).

D.L.Starokadomsky, E.M.Pahlov

PHYSICAL AND MECHANICAL PROPERTIES OF EPOXYPOLYMER COMPOSITES

FILLED WITH 10 — 50 WT% OF PYROPHILLITE ....ccoviruiiiiicinitreneeeeestnisis et stsseneatseressessssesesesssesseseseseneasmsesensmsesesessasessanss 41
The prospects of epoxy-polymer with low-cost filling is shown. It is also shown that filling of polyepoxide with micro- and nanoparticles of
pyrophillite leads to an increase in heat resistance and chemical resistance of the composite, and lower its shrinkage. Abrasion resistance increases
with an increase in the composite filling. On the other hand, the filling does not increase the strength of the majority of measured characteristics.
Compressive strength decreases with increasing content of pyrophyllite, and after 10 wt% the fracture behavior changes from plastic to brittle.
There was no increase in tensile strength of GFRP. The composite adhesion to GFRP increases only at certain filling (10 wt%).
Derivatography method shows that filling does not change a temperature of 10% weight loss. The mass of burnt material is proportional to
filling content. Oneside heating method does show that pyrophyllite enhances thermal stability of the polyepoxide, especially at high filling
in the primary and secondary stages of decomposition. Also with increasing filling content increases resistance to swelling in ether-acetate
ink-solvent. Thus, pyrophyllite may be used as a low-cost filler for polyepoxide to improve some practically important properties (abrasion
resistance, heat resistance, resistance in a solvent) (p. 41-51; fig. 9).

A.lSamatadze, V.A Nikiforov, L.V.Parahin

A STUDY OF PROPERTIES OF ORANOSILICON BINDERS WITH ADDITIVES AS A BASE FOR

THE DEVELOPMENT OF GFRPS FOR RADIO-ENGINEERING APPLICATIONS ......c...cociicicmireeitrconeseseneenereeeenenesrensnens 52
A possibility of creating a glass fiber reinforced plastics with low toxic and low viscosity organosilicon binders. The influence of
oligomer type, monomers, catalytic systems and stabilizing additives on viscosity, live time, quality, termostability, ash curing
compositions is shown. An optimal of oligomer-monomer composition is suggested (p. 52-58).
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