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C.B.lyounckuii, ®.C.CeBactbsinoB, A.A.Cadonos, C.I'Adaumos, H.B.Pozun*, b.H.®enynos

METO/] PACUETHOI'O OITPEJIEJIEHUA [TIPOYHOCTHBIX CBOMCTB KOHCTPYKIIUIA C YUETOM

OBPA30BAHUA MUKPO U MAKPO TTOP TTPH BAKY YMHOM MH®Y3U ... 151
Brusinue pa3dpoca TeXHOIOIHUECKUX TAPAMETPOB Ha PACCESIHHE YIPYTO-TIIPOYHOCTHBIX XapaKTePUCTHK B KOMIIO3UTHBIX KOHCTPYKIIMAX OKA3a10Ch
OJIHOM 13 HauboJIee CIIOKHBIX IPOOJIEM Ha ITyTH PeaJIn3alU IPEUMYLIECTB KOMIIO3UTOB B YACTH MOBBIIIEHHS BECOBOTO COBEPLIEHCTBA M SKOHOMH-
4eckoro 3(eKTa 11t KpymHOrabapUTHBIX CUIIOBBIX KOHCTPYKIHUH, B OCOOGHHOCTH U3TOTaBIMBAEMBIX C HCIIOIb30BaHUEM TEXHOIOT Ui )KUJIKOCTHOTO
(dopmosanus (RTM, BakyymHast HH(Y3HS U T.11.)

B nacrosmeit pabore mnpenacraBieH MeTo pacuéra dQPEKTUBHBIX MEXaHHYECKHX CBOMCTB KOMIO3MIMOHHOIO MaTrepuana B KOHCTPYKIHUH,
U3TOTOBJICHHON METOZIOM BaKyyMHOM HH(DY3UH H COAEPIKAIICH CITydaifHbIe TEXHOIOTHYeCKUe e eKThI (MUKPO/MaKpo MOpk!). MeTox OCHOBaH
Ha UCIOJIBb30BaHUM ypaBHeHUs Jlapcu Ajsl OnMMCaHMs MPOLECCOB MPOMUTKH BA3KHM CBS3YIOLUIMM apMHPOBAHHBIX BOJOKHHUCTBHIX CTPYKTYD,
SMIIMPUYECKHUX 3aKOHAX BIMSHUS CKOPOCTH NPONUTKU HA 00pa30BaHUE MUKPO- U MaKpOIIOp M Ha MUKpoMexaHudeckoit monenu Yamuca. s
IPOBEPKHU MPEIIOKEHHOTO [T0JIX0/1a BBIIOIHEH PSIJl TEXHOJIOTHUECKHX YKCIIEPUMEHTOB. PazpaboTaHHbIi METOL MOKET IIPUMEHAThCS KaK JJIs
000JI04€YHBIX, TaK U JUIsS CYIIECTBEHHO TPEXMEPHBIX 2JIEMEHTOB 0e3 orpaHuyeHuit no reomerpun (c. 151-159; uin. 5).

I'ycexos ATl
PACITA] PACTBOPA ITPU ®OPMHPOBAHUUN DBTEKTHUYECKHUX KOMITO3HTOB .......ccooiiiiiiiiiiiiieiccicceeceeeeecee e 160
B ommume ot camoii nomyisipHO# Teopun (GopMupoBaHUs 3BTeKTHYecKHX Kommo3utoB (DK) Xanra u [[xexcona (X/]), B ocHOBE KOTOPOIl JISKHUT
KBa3HPaBHOBECHOE NIPUOIIKCHHE, a IPUPOJIA pacliaia pacTBOPa Ha ICPUONYECKOC YePEIOBaHUE (ha3 HE HMEET YIOBICTBOPHTEIBHOTO OObSCHEHHS, B
HacTosiieil paboTe oka3aHo, 4To B porecce Ha3oBoro nepexosa pacTBOP, HaXOICh B HEPABHOBECHOM COCTOSIHHY, MOYKET IIOIACTh B HEYCTOHYNBOE
cocrosiHue. B pabore crpoutcs dazosast auarpamma, B KOTOpPOii Moka3aHa rpaHMIIA TAKOTO COCTOSHMS, T.€. IPAHMIIA 00IacTH CIIMHOAANIBHOIO pacrajga
pactBopa. Mcromb3yst MOCTPOSHHYIO (ha30ByI0 AUArPAMMY, TACTCsI TOCTAHOBKA U peLIeHUE 3a1auk (P (y3Hn, B KOTOPOH YUUTHIBACTCS HEYCTOHYMBOEC
cocTosiHUE pacTBopa. IlokaszaHo, 4TO IpH IIONAJaHHUK PacTBOPA B OOJNACTH CIMHOJAIBHOIO paciaja, Mex(asHas rpaHnna TBEpaod (assl MOKeT
MIOTEPATh YCTOHYMBOCTD, M YTO B3aWMOJICHCTBHE HEYCTOHYMBOCTH MeX(a3HOH TpaHMIIB], HEYCTOIYMBOIO pacTBOpa W KMHETHUKH MPHCOCANHEHHUS
YaCTHII K pacTyiieit TBep1oii (ase BeneT Kk GopMHUpOBaHHIO niepuoardeckoit crpykrypsl DK (c. 160-173; u. 3).

A.C.Yaiinukosa, /I.B.I'pamenkos, M.J/I.Baranosa, C.}0.Moann

IMPUMEHEHUE METOJIA UCKPOBOI'O ITJIASMEHHOI'O CITEKAHUWA TP CUHTE3E

KOMITIO3UIIMOHHBIX MATEPHMAJIOB HA OCHOBE AJIFOMOCHJIMKATHOM

CTEKJIOKEPAMUKMU, APMUPOBAHHOM HUTPUIOM KPEMHIS ........ooiiiiieeiecie ettt et sae e eseenaenaae e 174
OnpoboBaHa METOAMKA MONTYUYCHHS CTEKIOKSPAMHUYECKUX KOMITO3HI[HOHHBIX MAaTEPHAIIOB Ha OCHOBE ST-aHOPTHUTOBOM CTEKIOKEPAMHKH, apMHUPO-
BanHoif vacTimamu 0-Si,N, i 3-Si;N,, ¢ prveneHteM 3011b-TelTh METOa H HCKPOBOTO ITa3MeHHOT0 criekanus (SPS. ITokazano, 4T0 KOMTIO3HTHI C
IUIOTHOCTBIO, OITM3KO K TEOPETHYIECKOI MOTYT OBITh HOTyUeHBbI MeTOOM SPSnpu Temiieparypax, MEHbIINX, YeM IIPU TPaJHIHOHHOM CIIEKaHUH
Takux MarepuanoB Ha 350 - 400 °C. V3yueHo BIMsSHHE MPEABAPUTEIBHOIO COBMECTHOTO MOMOJIA MCXO/HBIX CMECEH Ha CHHTE3 M CTPYKTYpY
KOMITO3UTOB. YCTAHOBJICHO, UTO NPU IIPUMEHEHHH MeTo1a SPS COBMECTHBIH MOMOJT HE OKa3bIBACT BIIMSIHUSI HA TEMIIEPATy Py CIICKaHUS MATCPHAIIOB,
ux (a3oBbI COCTaB M MEXaHHYECKHE CBOWCTBA, HO TOBBILIACT PABHOMEPHOCTh PACIIPE/ICICHNsI KOMIIOHEHTOB B MarepHale, 4To CrocoOCTByeT
YBEJIIMUCHHIO UX CTOWKOCTH K OKHCiIeHHo (c. 174-186; wi. 6).

I. I1. Eropos, A. A. Boikos

OIIPEJIEJIEHME KPUTUYECKOI'O YPOBHS BHY TPEHHUX HATIPSKEHUI B TOHKUX TJTEHKAX ......ovovvoveeeeeeeeeeeeeeeen 187
I[poGieMa M3MepEHNUS U ydeTa BHY TPEHHHIX MEXaHHUCCKHIX HAPSHKCHU OCTPO CTOUT MEepe] HCCIIe0BaTeIMK 1 TPOU3BOJUTEIISIMU TOHKOIUICHOYHBIX
YCTpOICTB, TaK KaK IIOBBILICHHBIH (KPHTHYECKUI) YPOBEHB HAIPSHKCHUH MOYKET IPUBECTH K HEraTHBHBIM IOCIICICTBISM (PacTPECKUBAHUE, OTCIOCHHE
OT NOMIOXKH). [l H3MepeHYsl 3HAaYCHNH KPHTUYECKOTO HAIPSHKESHIUS aBTOPAMU UCIIOIB30BaHa METOMKA, OCHOBAHHAS! Ha HCIIOJIb30BaHUN YCTPOICTBA
C CMKOCTHBIM J[aTYHKOM. YCTPOICTBO MO3BOISACT M3MEPATh KPHTUUECCKUE HAIPSHKCHUS B TOHKHX ILUICHKAaX (PErHCTPHPOBATH MOMEHT Pa3pyIICHHS)
HEIOCPEICTBCHHO BO BpeMst ocaxieHusL. [IpeiaracMast MeTouKa COCTOHT U3 IBYX ITOCIIEI0BATEIbHEIX IpeoOpa3oBanii. [lokazaHo, 4To BEIOpaHHbBIE
HapaMeTphl H3MEPUTENIBHBIX IPE0OPa30BaHUI ¢ HEOONIBIIOH HOTPEITHOCTHIO (0KOJIO 5% ) TI0 BEIMYHHE H3MEPSAEMbIX HAPSHKCHUH T03BOJISIOT HCCIIET0-
BaTh KHHETUKY (POPMHUPOBAHIS HAIIPSDKCHHIT C BBICOKON YyBCTBUTEIBLHOCTEIO. [I0Ka3aHbI IPaHUIbI IPUMEHEHYS: OTHOIICHUE TOJIIIUH MOJIOKKA/TUICHKA
JIOIDKHO OBbITh Goibie 150, MaKCHMAIBHBIN IPOTHO TOKEH OBITH MEHbIIC 4 MM. BriepBhic SKCIIEPUMEHTAIBEHO YAAIOCH ONPEICIHTE KPUTHIECKUE
3HAYCHUS HATIPSUKCHUH 0, ., ¥ COOTBETCTBYIONIUE UM YPOBHH nepopmantuii Ae, ,,,, TPH TOCTHKEHUH KOTOPBIX HAGTIONATIOCH OTCIIOCHHE Jist eHOK Al,
Ti, Cuu Ta, OCa)KICHHBIX Ha MEHYIO MOJUIOKKY, @ TAKXKE [UIsl IUICHOK 1@, 0CaXICHHbIX Ha CTEKIISTHHYIO MOUIOKKY. OTMEUAeTCsl, 4T0 MPEUIoKESHHAsT
METOZIHKA MOYKET OBITH HCIIOJIb30BAHA IIPH ONPEAC/ICHIH KPUTHYECKUX HAPSDKEHUH 1 1eopMaIuii He TOJBKO I HOHHOTO OCaXICHHS B BAKYYME, HO
U JUIs1 TI000r0 METoIa MOJTyYeHNUSI TOHKHX IUICHOK, 8 HA OCHOBAHHH ITOJIyYCHHBIX PE3YJIBTATOB MOTYT OBITH pa3padoTaHbl PEKOMEH/IAINH IT0 OLpeJieiIe-
HHIO U YYETy HaNpsDKEHUH B TOHKMX IIEHKAX Ha Pa3IMYHBIX CTaAUSIX TEXHOJIOrHdeckoro mpouecca (c. 187-203; mi. 13).

M.I'oay6es

OINIPEAEJIEHUE D®DEKTHUBHLIX YIIPYT'UX IIOCTOAHHbIX OJJHOHAIIPABJIEHHOI'O

TPEXKOMITOHEHTHOTO KOMITOBUTA ....couiituiieiiriaeeiseesesesese st isessse st ess st st ees e ss e et enenes 204
PaccmarpuBaercs 3ajjaua MUKPOMEXAHHKHU ISl OJHOHAIPABIEHHOTO TPEXKOMIIOHEHTHOTO KOMIIO3MUTHOTO Marepuaja, COCTOSIIEro U3 yIIepOJHBIX
BOJIOKOH M JIBYX THIIOB IOJIMMEPHOI MaTpuLbl — TEPMOPEAKTUBHON U TEPMOILIACTUYHON. Mcronb3yercss MUKpOMOJIEIb MaTepuaa epBoro ypoBHs,
YUHMTBIBAIOLIAS] TOJILKO OTHOCHUTENbHBIE OOBEMHBIE COIEPIKAHUS BOJOKOH M MATPUIl U UTHOPHPYIOIIAsi TEOMETPHIO MUKPOCTPYKTYPbl KOMIIO3HTA.
OrpefienieHsl yIpyrue HOCTOSIHHbIE TPEXKOMIOHEHTHOTO KOMIIO3UTA B 3aBUCUMOCTH OT OTHOCUTEIIBHOTO 00BEMHOIO COZIEPIKAHUS €10 KOMIOHEHTOB
U UCCIIEZIOBAH BOIIPOC O PALMOHATEHOM 00BbEMHOM COZIEPIKaHUU TEPMOPEAKTUBHOM M TEpPMOILIACTUYHON MaTpulbl B Matepuane (c. 204-210; ui. 4).

O UDTT PAH «KoMnosuTbl U HAHOCTPYKTYpbI». 2016
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EVALUATION OF MECHANICAL PROPERTIES IN VACUUM INFUSED STRUCTURES WITH MICRO

AND MAGCRO VOIDS ...ttt ettt h ettt h sttt a et ettt bt et b etttk ettt eb et eb st e etk ene e enebene s 151
The scatter in mechanical properties caused by uncertainties in raw materials and process induced defects appeared to be one of the most
important issues on the way of cost- and weight effective composites production for primary large scale structures especially using liquid
molding processes (RTM, vacuum infusion, e.t.c.).

In current paper the method to evaluate the effective mechanical properties of vacuum infused structure with micro/macro voids was proposed.
The method is based on Darcy law for resin flow in porous media, empirical relationship between flow rate and void formation and Chamis
micromechanical theory. The proposed approach was verified experimentally and may be applied for 2-D and 3-D structures of any complex
geometry (p. 151-159; fig. 5).

A.P.Guskov

THE DECOMPOSITION OF THE SOLUTION DURING THE FORMATION OF EUTECTIC COMPOSITES.........ccceeiievnine 160
Hunt and Jackson’s (HJ) theory formation of eutectic composites (EC) is currently the most popular. This theory exptaiatidineofo
the EC in the framework of equilibrium thermodynamics and it sets initially periodic alternation of eutectic phase sofigvgbiciti is not
explained. In contrast to the HD's theory the present work shows that the solution can getinto an unstable state dasagansigbn.
The boundary of such state is built here. This work show that the interaction of the interface instability, unstablergbtbgdqreetic of
attachment of particles to the growing solid phase leads to the formation of the periodic structuge 66&a 73; fig. 3).

A.S. Chainikova, D.V. Grashchenkov, M.L. Vaganova, S.Y. Modin

APPLICATION OF SPARK PLASMA SINTERING FOR SYNTHESIS OF COMPOSITE

MATERIALS BASED ON ALUMINOSILICATE GLASS-CERAMICS REINFORCED

WITH SILICON NITRIDE ......oooitiiieieteiiiiiteteeit ettt sttt ettt st sesese s esesesesessesesesasessesesessesesessesesesessesesesessesesesessesesessesesenens 174
Glass-ceramic composite materials based on Sr-anorthite glass-ceramics reinforced with 0-Si,N, and -Si N, particles were synthesized using
the sol-gel method and spark plasma sintering (SPS). It was shown that composites with density close to theoreticahesizde lsynt
SPS at temperatures lower than by traditional sintering and hot pressing of these materials at 350 - 400 °C. An efteehoiflprgpof
the component mixtures on the synthesis and structure of the composites was studied. It is found that co-milling hasenarinflaen
sintering temperature, phase composition and mechanical properties of the materials, but it improves the distributioypohér@sm
the materials, that contributes to an increase in their oxidation resistance, if SPS methodyisiddedo; fig. 6).

G.P. Egorov, A.A. Volkov

THE CRITICAL STRESS MEASUREMENT IN THIN FILMS ....ooiiiioieee ettt et se et e e e 187
Measurement of intrinsic stresses in thin films is a challenging issue due to to negative effects (cracking, delamirsgijpeg itiadien

critical values are attained. Experimental method based on the capacitance gauge device usage was employed to evajuatéqaheasure
stresses. The device allows to indicate the failure point directly during the deposition process. Proposed experimeitabivestoc
subsequent steps. It was demonstrated that selected parameters of the measuring steps enable to investigate stresetesergtion k
high sensitivity and retavely small stress error of about e~5%. The usage domain of proposed experimental method was obtained: substrate/
film thickness ratio should be greater than 150, the maximum deflection should be less than 4 mm. For the first tinseresstiad
deformations values corresponding to the thin film delamination were obtained for thin films of Al, Ti, Cu and Ta sputteppeion
substrate and fdra thin films sputtered on silica-based substrate. Proposed experimental method can be used for critical stress measuremer
in thin films produced not only by vacuum ion deposition, but with other thin film formation methods. Finally, recommefafatiens
measurement of intrinsic stresses in thin films can be derived based on the obtained results in various procesgfla®/stagesig. 13).

M.Golubev

EVALUATION OF EFFECTIVE ELASTIC CONSTANTS IN UNIDIRECTIONAL THREE-COMPONENT

COMPOSITE MATERTA ...ttt ettt ettt etttk b ekttt b etttk et b ettt ettt ettt ene 204

The problem of micromechanics is considered in application to unidirectional three-component composite material coagixim(jtmrs

and two types of polymeric matrix — thermoset and thermoplastic. The first-order material model allowing for fiber andvuolatriees
fractions only and ignoring actual geometry of material microstructure is applied. As a result, elastic constants ottreghres
composite material are determined as function of the component volume fractions and the problem of rational relationshipebetwee
fractions of thermoset and thermoplastic matrices is stuali@d4—-210; fig. 4).
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