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COJIEP’KAHUE

B.C.3apy6un, I.H.KyBbipkun, 1.}0.CaBesnbeBa

TEIUIOITPOBOJHOCTDb TEKCTYPUPOBAHHOI'O KOMIIO3UTA C AHU3OTPOIIHBIMU

TTITACTUHYATBIMU BKITHOUEHMSIMU ..o 1
C ucronp30BaHUEM pa3paboTaHHON MaTEeMAaTHIECKO MOJIENH ITePEeHOCa TEIIOBOI SHEPIHX B KOMIIO3UTE C aHH30TPOITHBIMH BKITFOUECHHSIMH
B BHJI€ TPEXOCHBIX UTUIICONIOB IIPEIOKEHA IIPOLIETypa BEIYUCICHIUSI KOMIOHEHTOB TeH30pa (G EeKTUBHOM TEIIIONPOBOIHOCTH TEKCTY-
PHPOBAHHOTO KOMITO3UTA C INTACTHHYATHIMH BKITIOUEHISIMH, TIPEICTaBICHHBIMU CHIIFHO CIUTIOIEHHBIMU ceponiamu, 001agatoniMe CBO-
CTBOM TPaHCBEPCAIbHON H30TPOIIMH OTHOCUTENIBHOM OCH BpalieHus. IIpoBeeHbl pacueThl A pa3HbIX BApUAHTOB KOHUYECKOH TEKCTYPBI
xomno3uTa. [lomydeHHbIe pe3yIbTaThl MOTYT OBITH UCIIONIB30BAHBI IS OLCHKH d(P(PEKTHBHBIX K03() GUIIMEHTOB TEIUIONPOBOAHOCTH TEK-
CTypHPOBAaHHBIX KOMIIO3UTOB, MOAN(GUINPOBAHHBIX HAHOCTPYKTYPHBIMH 3JI€MEHTaMH (B 4acTHOCTH, (parMeHTaMu rpadena). B cumy
JIEKTPOTENTIOBOM aHAJIOTUU ATU PE3YNBTaThl IPUMEHUMBI IIPU PACCMOTPEHUU XapaKTEPUCTUK MEKTPOIPOBOJIHOCTH U AUNIEKTPUUECKON
MIPOHUIIAEMOCTH TEKCTYPHUPOBAHHBIX KOMIO3UTOB (C. 1-13; mi1. 3).

I1.A.BeJsioB

OBIUEE PEIIEHUE YPABHEHUI YTOUHEHHOM TEOPUU MUHIIMHA ..........ooooveeveeeeeeeeeeeeeeeeeeeeeeeeseeeseesseeseeeassesnsenees 14
Crpowurest ofIee pelieHne ypaBHEHNH yTOYHEHHOH Teopu MUHUIMHA. Y TOYHEHHE 3aKTI0daeTcsl B TOM, YTO TEH30p MOMIYJeEH IecToro paHra
COZIEPKUT HE OJJMHHAIATH MOJTYJIEH, KaK B KITaCCHIeCKoH Teoprny MUHIUIHHA, a TOJIBKO ceMb. PaHee ObUT0 Joka3aHo, 9TO TaKoe COKpAIeHHe HEKIIACCH-
YeCKHIX MOYJIEH ONpeersieTCs BBIIONHEHIEM TpeOOBaHNSI ITOJIOKUTETLHON OIpeieleHHOCTH OTEeHIMANIbHOH Heprud. [ locTpoeHHOe periente 1t
TIepEMEILIEHUIA IIPEICTABIICHO B BUIE CYIIEPIIO3ULIUU TPEX BEKTOPHBIX IOJEH: OIS KIIACCHYECKUX IIEpEMELCHHI U IBYX MOJIeH KOre3OHHBIX IIepeMelLie-
HUH, KOTOpBIE MOXKHO TPAaKTOBAaTh KaK HEKIACCHYECKUE MOIPaBKU B Teopuu MUHIIMHA K KIACCUYECKOMY PEIICHHIO JUIl nepeMertenuil. IToms
KOT€3HMOHHBIX NTepeMEIeHIH YIOBIIETBOPSIEOT 0000IIIEHHBIM OHTapMOHNYECKAM YPaBHEHHUSIM, KOTOPBIE MOYKHO IPE/ICTABUTH KaK POU3BEICHHS ABYX
pazHbIx oneparopos [ensmronbia. B omuure ot Teopuu Tyrnuna, B KOTOPOH H0NIe KOTe3UOHHBIX IEPEMEILEHH OIHO, B YTOUHEHHOU Teopuu MuHA-
JIMHA TAKWX KOT€3NOHHBIX MOJIE 1B,  OHK MOTYT OBITH KOMILIEKCHO-COIPSKEHHBIMIL JTO IPHBOUT K BO3MOKHOCTH OIMCAHHS KaYeCTBEHHO HHBIX
NoJnielt IIepeMelleHIH, YeM B KIIACCUYECKON TEOpHU YIPYrOCTU WM rpapueHTHol Teopuu Tymuna. Kpome Toro, HoCTpoeHO peleHue Ui moms
HECOBMECTHOH JFICTOPCHH, KOTOPOE HapsiTy ¢ (pyHIaMEHTATEHBIMH (hyHKISIMH, BXOZUIIIFIMA B BEIPOKEHHS IS IEPEMEIISHHH, COIIEPKUT TPH JOTIO-
HUTENBHBIX (DYHIaMEHTABHBIX pelIeHrs. JTH (yHIaMeHTaIbHbIe PeIICHHs Hellb3s PEICTaBUTh B BUJIE BEKTOpA, TaK KaK OHM UMEIOT PasHyIo
TEH30PHYIO IIPAPO.TY U panTH. OJHO pelIeHue SBIETCS IICEBIOCKAIIIPOM H ONpeIelIsieT OTEHIMATBHYIO0 YacTh BEKTOPHOT'O ITOJIS CITHOB (HECOBMe-
CTHBIX ITOBOPOTOB). /IBa Apyrrx (hyHIaMEHTAIBHBIX PEIIeHHUs ONPEIeIIOTCS] He3aBHCUMBIMH KOMIIOHEHTAMH T€H30pa-IeBHaTopa HECOBMECTHBIX
JIMCTOPCHH, Ha KOTOPBII HAJIOXKEHO JIOMOHHUTEIIEHOE TPeOOBaHME PaBeHCTBA HYIIIO €10 MBepreHtmH (c. 14-24).

B.B.BacuaneB, C.A.JIypne

MOJIEJIb CTUJIOIIHOW CPEJIBI C MUKPOCTPYKTYPOM .....o.oooiveoierniiiiss s 25
B crarbe onucsiBaeTcs MOJEIb CILIOMIHON CPEbl C MUKPOCTYKTYPOI, U1 KOTOPOM COOTHOIIECHUS KIaCCUYECKOM MEXaHUKY TBEPAOTIO Tena,
OCHOBaHHBIC Ha aHAIN3¢e (PYHKINH, ONMCHIBAIONIUX OBECHIE CPEIBI B OKPECTHOCTH TOUKH, OKa3bIBAIOTCS HectpaBeIuBbIMu. [Ipemonara-
€TCs1, 9TO CpeJia COCTOHUT U3 YACTHI] C MAJIBIMK, HO KOHSYHBIMHU pa3MepaMH, He TI03BOJISIOIINMY BEIJIEIINTD U3 Hee OECKOHETHO MAIIBIH JJIEMEHT,
1 B CBSI3U C 3THM 000011at0TCsl (DyHKIMOHAIBHBIC COOTHOIICHUS, 0CHOBAaHHBIE HA aHAIN3E OECKOHEYHO MaJIbIX BEJIMIHH. [TorydeHHbIe COOTHO-
IIEHHMS TS CKATSIPHBIX, BEKTOPHBIX M TEH30PHBIX (DYHKIHH IpeyIaraeTcst HCIOJIb30BaTh B 3a/[a4ax, PEIICHHs KOTOPBIX B paMKax KJIacCHIec-
KOHM MOJIENH Cpeibl 00J1aIafoT OOJIBIIMMHY I'paIeHTaMH WIIH SIBISIOTCS CHHTYJIIPHBIMH. B kauecTBe nmprMepoB paccMaTpuBaroTCs 3aa4a 0o
OTHOOCHOM PacTSHKEHHUHU CTEPIKHS U cheprue CKH CHMMETPHYHAsI CHHTY/ISIPHAS 3a/1a9a ISt MOJIeNIbHOU cpensl (c. 25-33; mi. 1).

C.M. Hukyaun, A.A. Tamkunos, B.E. lllapmykos, A.B. Po:kkos, B.B. UecHokos, E.A. IlaykmTuc

PA3PABOTKA METOJIA BBEJEHMS MHOI OCJIOMHbBIX VIJIEPOAHBIX HAHOTPYBOK

B OIIOKCUAHBIE IMMOJMMEPHI U1 IIOBBIIIEHMS ITPOYHOCTU MATEPUATIA ..ottt 34
PaccmotpeHs! 1Ba BapraHTa MOAU(HUKAIINH STIOKCHTHOTO TTOJIMepa, ToiydaeMoro u3 cMoisl O/1-20, GyHKIIHOHAIH3HPOBAHHBIMH YIIIEPO-
HBIMH HAaHOTPYOKaMH, ¢ TpeodiIaganreM KapOOKCHITBHEIX U THAPOKCIIIBHBIX (DYHKIMOHAIBHBIX TpymiL. MccnenoBana mpodyHocTs Moxudumu-
POBAaHHBIX TOJIIMEPHBIX 00PA3II0B, MOIyJaeMbIX METOJAMH «XOIOTHOIN M TEPMHUYECKO oMnMepu3aryi. Brisasiena o6nacTs KOHICHTpaAIHit
JUISL TIPOBEAEHHS MO (DUKAIINH STIOKCHTHOTO ITOJIMepa MHOTOCIOWHBIMH YTIIEPOIHBIMI HAHOTPYOKaMH ¢ IMPeoOIIaIaroiM CoepKaHHeM
KapOOKCHIIBHBIX TPYIII COOTBETCTBYIOMIAs HANOOJIBIIEMY YBEIMUSHHUIO IIPOYHOCTH MaTepraia pu cxatui. (c. 34—40; m. 1).
J.JI.Crapokagomckuii, E.M.ITaxi0B

OU3UKO-MEXAHUYECKUE CBOMCTBA IIOKCUIHBIX KOMITO3UTOB C 10-50 MACY% ITUPODUILIUTA .................... 41
'YcTaHOBIIEHO BIMSHIE MUKPO- H HAHOYACTHI] TUPOGHILIITA HAa IPOYHOCTHBIE XapaKTEPHCTHKH, TePMOCTOHKOCTH U XUMCTOHKOCTB ITOJMAIIOKCHIIA.
INoka3aHo, 9TO B [IEJIOM HAIIOJHEHHE IPHBOAUT K POCTY XHMCTOHKOCTH ¥ TEPMOCTOMKOCTH KOMITO3HTA, CHIYKEHUIO ero ycanku. CToiKoCTh K
HCTHPAHUIO KOMIIO3HUTa PacTET C pOCTOM HamonHeHus. OHAKO B IIEJIOM HAIlOIHEHNE He MIPUBOAMIO K POCTY OCHOBHBIX HCCIIEIOBAaHHBIX
XapaKTePHCTHK MPOYHOCTH. [IpOYHOCTE NIPH CXKATHU CHIDKAETCS ¢ POCTOM HANoJHEeHus, praéM nocie 10 mac% mupoduimmra XxapakTep
pa3pylLIeHHs KOMIIO3UTa M3MEHsSeTCs ¢ INIaCTHYHOTo Ha Xpynkuid. C HamonHeHHeM He HaONIONaeTcsl pocTa IMPOYHOCTH IPH pa3phIBe
CTEKJIOILUIACTHKOB Ha OCHOBE KOMITO3UTA, @ AT €3Sl KOMITO3HTAa K CTEKJIOIIIACTUKY ITOBBIIIASTCS JIMIIb IIPH ONIPeAeIEHHBIX HaoMHeHKsX (10
Mac%). Merozom nepuBartorpa iy oKa3aHo, YT HAMIOJIHEHUE He N3MeHseT Temitepatypy 10%-i motepu Macchl, 1 CIIOCOOCTBYET yMEHBIICHHIO
MacChl BBITOPEBILETO BEIECTBA IPOIOPIIMOHAIBHO HATOTHEHUIO. MeTOI0M OZTHOCTOPOHHETO HarpeBa Ha BO3[yXe YCTaHOBIICHO, YTO IIHPO-
(GIWUIMT CIOCOOCTBYET MOBBIIIEHUIO TEPMOCTOHKOCTH ITOIMAIIOKCHAA, 0COOSHHO IPH BBICOKMX HANOJIHEHUSIX Ha HAYaIbHBIX U CPEeTHUX CTAIHAX
paznoxenns. C pocTOM HAaIlOIHEHHNS pacTET TakKe CTOHKOCTH K HaOyXaHHIO B 3¢uparieTaTHOM nonurpadconssente. [loka3aHa BO3MOXHOCTD
TIPUMEHEHUSI TUPO(UILTITA KaK ySIIEBIISIONIETO HAaTOIHUTEIS TS ITOIN3IOKCH A, CIIOCOOHOTO YITyUIIHTh HEKOTOPBIE IIPAaKTUYECKH BasKHEIS
CBOMCTBA (CTOMKOCTH K HCTHPAHUIO, 0€3yCaT0uHOCTh, TEPMOCTOHKOCTD, CTOMKOCTB K CONBBEHTY) (¢.41-51; m. 9).

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

HNCCIEAOBAHHME CBOUCTB KPEMHUMOPTAHNMYECKHUX CBA3VIOIUX C JOBABKAMU [JIS1 PASPABOTKU
CTEKJIOTEKCTOJIMTA PAJUOTEXHUYECKOI'O HABHAUEHHUS ........ccociiiiiiiiciiicicicctneeteee ettt 52
YcraHOBIEHAa BO3MOXKHOCTD CO3/IaHUS CTEKIOTEKCTOINTOB HAa OCHOBE MAJOTOKCHYHBIX HIU3KOBS3KUX KPEMHHHOPTaHUUECKHUX CBA3YIOMINX.
HW3ydeHo BnusiHUE THITA OJIATOMEPa, MOHOMEPOB, KaTaIl3aTOPOB U CTAOMITH3HPYIOIINX J0OaBOK Ha BSI3KOCTb, )KU3HECTIOCOOHOCTH HCXOMHBIX
KOMIO3HIIMH 1 BBIXOJ] HEPACTBOPUMON 4aCTH, Ka4€CTBO, TEPMOCTAOMIBHOCTD, 30JbHOCTh OTBEPKIEHHBIX KoMIo3uIHi. [To kommiexkcy TexHo-
JIOTMYECKHX X MEXaHMYECKUX CBOHCTB, yCTAaHOBJIECH ONTHMAJIBHBII COCTAB OJINTOMEP-MOHOMEPHOH KOMITO3HIHH (C. 52-58).

00 UDTT PAH «KoMno3uTbl U HAHOCTPYKTYpbI». 2015
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Zarubin V.S., Kuvyrkin G.N., Savelyeva LY.

THERMAL CONDUCTIVITY OF THE TEXTURED COMPOSITE WITH ANISOTROPIC

LAMELLAR INCLUSIONS ..ottt sttt sttt sttt sttt ettt bbbt b b b a bbbt ebebes et e b b et et esesenesenenenenen 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 a relative 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 P.A.

GENERAL DECISION IN THE SPECIFIED MINDLIN'S THEORY .....utiiiiiiiieiieiie ettt ettt sttt 4.

The general decision of the specified Mindlin’s theory equations is under construction. Specification is that a tensorobftinecsiuth 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 presente
in the form of superposition of three vector fields: field of classical displacements and two fields of cohesive displacements which can be treated a:
nonclassical amendments in Mindlin’s theory to the classical decision for displacements. Fields of cohesive displacements satisfy to the generalize
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 t
different tensor nature and ranks. One decision is a pseudo-scalar and defines potential part of a vector field of spin. Two other fundamental decisior
are defined by independent components of a tensor-deviator of free distortions on which the additional requirement of equality to zero its
divergention is imposeg. 14-24).

Vasiliev V.V., Lurie S.A.

MODEL OF A SOLID WITH MICROSTRUCTURE ..ottt ittt ettt ettt e sbe e sttt e mte e sbe e sbe e sabeesbeeanneenneeen 25

The paper is concerned with mathematical simulation of the solid for which the classical equations of solids based on the analysis of the fielo
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 th
framework of the classical solid mechanics are characterized with high gradients or are singular. A beam under uniaxial tension and a mode
singular spherically symmetric problem are considered as exa(mp?ss33; 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 ..ottt ettt ettt st sat e e e e te et ente e st entesnnesneennnenne 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 .....oiitiiiititieiie ettt ettt sttt sbe ettt e et et enaeesnbe e sbneennee e 4l...........

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 increa:
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).
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A STUDY OF PROPERTIES OF ORANOSILICON BINDERS WITH ADDITIVES AS A BASE FOR
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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,rash curi
compositions is shown. An optimal of oligomer-monomer composition is suggesfi@dss).
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