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AHAJINMTUKO-YUNCJIEHHBIE METOAbI OITPEJAEJIEHN A
QOPEKTUBHBIX MEXAHNUYECKUNX XAPAKTEPUCTUK
KOMIIO3SNTHBIX MATEPNAJIOB HA ITPUMEPE CKAJIBHBIX
I'PYHTOB 1 KOMIIO3TOB AJIAd MEJUITNMHCKOI'O
ITPUMEHEHUN A

Hrnemumym npuxaadnot smexarnurxu PAH, Mocksa, Poccus

Awnnoramusga. KommosuTHble MaTeprasibl MOy IUIN IMIHPOKOE PACITPOCTPAHEHUE B PA3THIHBIX 00-
JIACTSIX YEJIOBEYECKO JIeATeTbHOCTA. ABHAKOCMUYECKAs] OTPACh, ABTOMOOUIECTPOEHNE U TPAHC-
[IOPT, CYJIOCTPOEHUE, CTPOUTEILCTBO, TOPHOE JIEJI0 U apPXUTEKTYpa, SHEPreThKa, MeIUINHA, XIMU-
JecKasi IPOMBIILJIEHHOCTh, 9JIEKTPOHUKA U JIEKTPOTEXHUKA. B KayKJIOM OT/IEeJIbHOM HAIIPABJIEHUN
KOMIIO3UTHBIE MATEPHUAJIBI IPUMEHSIOTCS [IJIsi PEIeHNs PA3JINIHbIX 110 CBOeil mpupoje 3ama4d. Ha
JAHHBI MOMEHT M3-33 aHH30TPOIHON, MHOIOYPOBHEBOM, /1e(EeKTOIyBCTBUTEIBHON TPUPOILI KOM-
[IO3UTOB NPOEKTUPOBAHNE HOBBIX MATEPHAJIOB IO CIEIUAJIM3NPOBAHHBIE 339U U OIpeJesIeHIe
XapaKTEPUCTUK CYHIECTBYIOIIUX KOMIIO3UTHBIX MaTepHaJiOoB CBA3aHHO C IIPOBEJICHUEM 6OJII)IIIOFO
KOJIMYECTBA MMPAKTUIECKUX IKCIIEPUMEHTOB M TpebyeT 3arpar BpeMeHU U (PUHAHCOBBIX PECyPCOB,
a B HEKOTODBIX CJIydasX, KAaK HAIPUMED JJisi FOPHBIX HOPOJL (FOPHBIE MOPOJIbI ABJISIIOTCA KOMIIO3H-
TaMU [IPUPOJHOr0 06pa30BaHUs) IIPOCTO HEBO3MOXKHO. TakuM 06pa3oM, HOTPeOHOCTD B pa3zpaboT-
K€ MeTOIUKH onpeesenns 3O@eKTUBHBIX XaPAKTEPUCTHK KOMIIO3UTHBIX MATEPUAJIOB C ITOMOIIHIO
YUCJIEHHO-AHAJUTUYECKUX METOJIOB SIBJISETCA aKTyaIbHOM /IS OIIPeJIeJIEHNs] CBOWCTB CTPYKTYPHO
HEOTHOPOJHDBIX CpeJi (TAKUX KAK KOMIIO3UTHBIE MATE€PHUAJILI U TOPHBIE MOPOJIbI), TPOEKTUPOBAHUS
HOBBIX KOMITO3UTHBIX MATEPUAJIOB C 338J@HHBIMUA CBONCTBAMU, WHXKEHEPHBIX PACcYeTOB U HAyIHBIX
uccaenoBanuii. B pamkax maHHON paboThl ObLIa pa3paboTaHa METOIUKa onpeeeHus b dekTus-
HBIX XapaKTEPUCTUK KOMIIO3UTHBIX MATEPUAJIOB, UMEIOIIUX [IEPUOINIECKYIO CTPYKTYPY, CO CJIydaii-
HBIMU XapakTepuctukamu da3. B ornmunn ot panee pa3spaboTaHHBIX METOOB U NPAKTUKYEMBIX
JIADOPATOPHBIX UCCJIE0OBAHMI pa3paboTaHHas METO/IMKA ITO3BOJISIET OBICTPO U ¢ HEOOXOINMO TOU-
HOCTBIO OIIPeie/inTh 3(PpPEeKTUBHBIE MEXaHNIECKHNE XapaKTepUCTUKYN Marepuajos. Vcrnonb3oBanne
9TOI METOINKN OCOOEHHO aKTYAJIBHO JJIst OIIPEIE/IEHUsT CBOMCTB MACCUBOB TOPHBIX MTOPOJI, TE IaCTO
UX OIIpeJieJIeHNe HEBO3MOXKHO MJIA COIPSI?KEHO CO 3HAYUTETHbHBIMU (DHHAHCOBBIMU U BPEMEHHBIMA
3aTpaTtamu. PaspaboTanHas MeTOINKA PeaN3yeT OIMEHKY 3(M@MEKTUBHOTO TEH30pa KECTKOCTH M
COOTBETCTBEHHO 3¢)®QKTI/IBHI>IX TEXHUYICCKUX XapaKTEePpUCTUK KOMIIOBUTHBIX MaTepuaJioB (MO)Iy.HI/I
IOura, cusura u koaddurnments: [lyaccona) ¢ MCIONB30BAHUEM METOJOB TEOPUU BEPOATHOCTEN 1
MaTeMaTUIeCKON CTATHCTUKU W METOIA aCUMITOTHIEeCKOro ycpemnenusi. Meron kpusbix [lupco-
Ha OBLT OIPe/ie/IeH KaK ONTUMAJIbHBIN [j1si 00paboTku 6a30BOr0 HAOOpa JTaDOPATOPHBIX JAHHBIX 1
OIIpeieJIeHns 3aKOHA PACIIPEIEJIEHNs] BADbUPYEMbBIX XapPAKTEPUCTUK MATPUIIGI U BKJIIOYEHUs, PAC-
CMATPUBAEMBIX B paMKaX JaHHOI pabOThI KakK CIydaiiHble Beu<dnHbl. MeToanKa ObLia ampobupo-
BaHa Ha Pe3yJibTaTax JIBYX JIabOPaTOPHBIX SKCIIEPUMEHTOB: Ha PE3YJIbTaTaX UCIBITAHUSI CKAJIHHOIO
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MaCCHBa, SIBJIAIONIErOCsS OCHOBAHUEM OJIHOTO M3 OTBETCTBEHHBIX COODY2KEHHil; Ha pe3yJIbTraTax HC-
[BITAHAH MEJUIMHCKOTO KOMIIO3UTa (KOCTHOTO TIEMEHTA), BBIIIOJHEHHBIX JJIsl ONPEeJIeIeHNs] ONTH-
MaJIbHOTO COOTHOIIEHUs PUCAIOK. [IpescraBiienHble B paboTe MOAXO/IbI K OleHKe 3 (heKTUBHBIX
eOPMAITMOHHBIX XaPAKTEPUCTUK KOMIIO3UTHBIX MATEPHUAJIOB TEPUOINIECKON CTPYKTYPBI CO CIIy-
JafHBIMU 3HAYEHASIMA MEXAHUIECKNX XaPAKTEPUCTUK MOI'YT ObITH IPUMEHEHBI 15 CyIIeCTBEHHOTO
YTOYHEHUSI OIPEJIeJICHIsT XapaKTePUCTUK TPUPOIHBIX KOMIIO3UTOB TAaKUX, KAK CKAJIbHBIE U MEP3-
JIble TPYHTBI JJIsi CTPOUTE/IBCTBA, a TaKKe IPU Pa3pabOTKe HOBBIX KOMIIO3UTHBIX MAaTEPHUAJIOB C
3aJIaHHBIMU XapakTepuctukamu. Jluccepraius JIOKIaIpIBaIach B moJaHOM 00beme Ha Nt 788 3ace-
nannn CeMuHapa Mo Mexanuke cronHoi cpeant uM. JI.A. Tamuna UTIMex PAH nox pykoBogcTBOM
akagemuka V.T. Topsiaesoit u mpodeccopa FO.H. Pagaesa. Asrop 6aarogaput mpodeccopa FO.H.
PajlaeBa 3a BHUMaHue U MOIJIEPXKKY B pabore!
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COMPOSITES AND COMPOSITES FOR MEDICAL
APPLICATIONS

Institute of Applied Mechanics of RAS, Moscow, Russia

Abstract. Composite materials have become widely used in various fields of human endeavor,
including aerospace, automotive and transportation, shipbuilding, construction, mining and
architecture, the energy industry, medicine, the chemical industry, and electronics and electrical
engineering. In each field, composite materials are used to solve diverse problems. Currently, due to
the anisotropic, multi-layered, and defect-sensitive nature of composites, designing of new materials
tailored to specific applications and determination of the properties of existing composite materials
requires extensive practical experimentation, time-consuming, and resource-intensive research. In
some cases, such as rocks (which are composites of natural formations), this is simply impossible.
Thus, the need to develop a methodology for determining the effective characteristics of composite
materials using numerical-analytical methods is relevant for assessing the properties of structurally
heterogeneous media (such as composite materials and rocks), designing new composite materials
with specified properties, performing engineering calculations, and conducting of scientific research.
Within the framework of this study, was developed a methodology for determining of the effective
characteristics of composite materials with a periodic structure and random phase properties.
In contrast to previously developed methods and commonly used laboratory investigations, the
proposed methodology makes it possible to determine the effective mechanical properties of
materials quickly and with the required accuracy. The use of this methodology is particularly
relevant for determining the properties of rock masses, where their assessment is often impossible
or involves significant financial and time costs. The developed methodology provides an assessment
of the effective stiffness tensor and, accordingly, the effective engineering properties of composite
materials (Young’s moduli, shear moduli, and Poisson’s ratios) using methods of probability theory
and mathematical statistics, as well as the asymptotic homogenization method. The Pearson curve
method was identified as the optimal approach for processing the basic set of laboratory data and
determining the distribution law of the variable properties of the matrix and the inclusion, which
are considered in this study as random variables. The methodology was validated using the results
of two laboratory experiments: on the results of testing a rock mass serving as the foundation of
a critical structure; on the results of testing a medical composite (bone cement), performed to
determine the optimal ratio of additives. The approaches presented in this work for evaluating the
effective deformation characteristics of composite materials with a periodic structure and random
values of mechanical properties can be applied to significantly improve the determination of the
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characteristics of natural composites, such as rock and frozen soils used in construction, as well
as in the development of new composite materials with specified properties. The dissertation was
presented in full at the No. 788 meeting of the L. A. Galin Seminar on Continuum Mechanics of
the Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences, chaired by
Academician I. G. Goryacheva and Professor Yu. N. Radayev. The author expresses gratitude to
Professor Yu. N. Radayev for his attention and support in this work.

Keywords: Pearson’s method, graphical representation and tabulation method,
goodness-of-fit criteria, random distribution function of layer stiffness tensor
components, effective stiffness tensor; effective deformation characteristics.
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