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[IpennokeHa KOMIIbIOTEpHAsT MOJEIb, MO3BOJIAIOIIAS MCCIEA0BAaTh pa3pyLIEHUE TI'e€TEPOreHHOro
Marepuaia (B TOM YHCIIe, TOPHBIX TIOPOJ) CO CIOKHOU MepapXUUYECKOW CTPYKTypoil. Mojenb ocHOBaHa Ha
METOJIe TUCKPETHBIX dJIeMeHTOB (discrete element method, DEM) [1], koTopsiii HanboJiee ageKBaTeH IS
MOJIETMPOBAHUS pa3pyllIeHUsI Te€TEPOreHHbIX MaTepuasoB. B pabore Oblia ncnoib30BaHa MOJIENb CBA3aHHBIX
vyactut] (bonded particle model, BPM) [2], paznuunbie MOAM(UKAINU KOTOPOH HIMPOKO MPHUMEHSIOTCS
JUI U3y4EHHUs IOBEJICHUS MaTEpUalIOB IPU MEXaHWYECKOM pa3pylLIeHMH. Marepuasl npeacTaBiseTcs Kak
COBOKYITHOCTH C(PEPUUECKUX YaCTHIl (MOACTHPYIONIUX 3€pHA IMOJUKPHCTAIIIA), COCIMHEHHBIX CBS3SIMH
(MOZEeNMpYIOIMMH MEX3EpPEHHbIE T'PAaHUIbl) B MECTaX KOHTAaKTOB yacTull. B monenun BPM 3apoxnenue
TPEILMH ONpPEAEIAETCS Pa3pbIBOM CBsI3€H MEX]y YacTHIAMH, @ PACIIPOCTPAHEHHE — CIUSHUEM MHOXKECTBA
pa3opBaHHBIX CBs3eH [2].

JUia MoJenupoBaHMsl CIOXKHONW MEepapXUUECKOW CTPYKTYpPhl, B TOM 4HCIE, OJOOHOM 30HE CyOqyKIHH,
Oobuta MomupunmpoBana otkpeiTas mwiargpopma MUSEN [3]. B pesynbraTte, NOSBHIIACH BO3MOXKHOCTH
YYUTBIBATH CIOXKHYIO TEOMETPHUIO HHTEep(eiica TIUT, HEOAHOPOIHOCTh MUHEPAIBHOTO COCTaBa M BapHaLlUU
MEXaHWYECKUX CBOMCTB, a TAaK)Ke BKJIIFOUEHUS C TIOBBIIICHHON IPOYHOCTBIO (asperity).

Mogens BOCIIPOU3BOIUT MPOIECC OTHOOCHOTO CKATHS IIHITUHIPHIECKUX 00pa3iioB, CHOPMUPOBAHHBIX U3
cepruUecKnuX YaCcTHIl Pa3TUYHBIX (hpaKiuii (KBapI], OPTOKIA3, OJUTOKIIA3), COSMHEHHBIX YIIPYTHMHU CBSI3SIMH
(J4acTuIbl U3 OAMHAKOBBIX MATEPUAJIOB COEIMHSIIMCH CBSI3bIO0 U3 3TOT'0 K€ MaTepHalla, a YaCTUI[bl U3 Pa3HbIX
MaTEepUaJIOB COEIUHSIINCH CBSI3IMHU, UMEIOLIMMU 3HAUUTEIbHO 00J1€€ HU3KUI MOTYJIb U ITPEIEIbl IPOYHOCTH).
Buaytpu o6pasna Haxonutcs o0nacTh, UMUTUpPYIOIIAs 30HY cyonykuuu. [lokazaHo, 4yTo HaJM4YMe «30HBI
cyOayKuum» B 00Opasle NPpUBOANUT K 3HAUUTEIILHOMY YMEHBIIEHUIO IPOYHOCTHU U JI0JITOBEYHOCTH 00pasLa.

B cumynauusx BbISIBIEHAa IOCIEAOBATEIbHOCTh pAa3pyIICHUsS CTPYKTYPHBIX JJIEMEHTOB: CHauaja
MIPOUCXOJUT AeCTaOMIM3alMsl HU3KOIIPOYHOU MPOCIIONKH, UMUTUPYIOLIEH I'paHUlly (30HY TPEHHS) MEXY
IUIMTaMH, 32 KOTOPOH CJIe1yeT NOCTENEHHOE KaCKaJHOE pa3pylLleHNE BBICOKOIPOUYHbBIX BKIIOUEHUH (asperity).
Ha sToM sTane paspyuieHne uMeeT JIOKaJU30BAHHBIA XapaKTep, CBS3aHHBIA C Pa3pyLICHHEM BKIIHOYECHUM.
@paxTasnpHas pa3MEPHOCTh JAHHBIX JOKAJIBHBIX 04aroB paspylieHus ~ 2. 3areM HaOII0AaeTCs JUCTIEPCHOE
paspyl1ieHue Bo BceM 00beme oOpasiia. JlanbHeiiiee yBeanueHre HapsHKeHUs TPUBOINUT K 00pa30BaHUIO ouara
paspyiieHus (BHe 00J1aCTu asperity), pOCT KOTOPOTO 3aXBaThIBAET BCE OOJIBIINM 00BEM, UTO COMTPOBOKIACTCS
yBeJIMUEHUEM (PAKTAIbHON pa3MEpHOCTH.

beul mpoBeneH aHanM3 MaKCHUMAaJIbHBIX JIOKAJBHBIX PACTATHBAIONINX HANpsSHKCHUH W JIedopMarivid.
VYcranosneHo, uyto sHTponusa llleHHOHa, paccunmTaHHass MO PACHPEAETICHUSIM AITHX I[apaMeTpoB, IpPU
pa3pylIeHun asperity coxpaHseT IPUMEPHO MOCTOSHHOE 3HaueHHe. B TO BpeMs Kak M3MEHEHHE YHTPOIUHU
[llenHOHa npu pa3pyLIEHUH OCTAIBHBIX (PpakLuil MaTepuia N0oJ0OHO U3MEHEHHUIO HANPsKEHUsI Ha oOpasLe.
3TOT akT moATBEpKAAET 0COOYIO POITb BKIIFOUEHHH B MIpOIecce pa3pyIeHHUS.
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A computer model is proposed for studying the fracture of heterogeneous materials (including rocks) with
a complex hierarchical structure. The model is based on the DEM (discrete element method), which is most
adequate for simulating the fracture of heterogeneous materials. A BPM (bonded particle model) was used
in this study; various modifications of this model are widely used to study the behavior of materials under
mechanical fracture. The material is represented as a set of spherical particles (simulating polycrystalline
grains) connected by bonds (simulating grain boundaries) at the points of particle contact. In the BPM model,
crack initiation is determined by the rupture of bonds between particles, and crack propagation is determined
by the merging of multiple broken bonds.

To model complex hierarchical structures, including those similar to a subduction zone, the open-source
MUSEN platform was modified. This made it possible to account for complex plate interface geometry,
heterogeneity of mineral composition, variations in mechanical properties, and inclusions with increased
strength (asperity).

The model simulates the uniaxial compression of cylindrical samples formed from spherical particles
of various fractions (quartz, orthoclase, oligoclase) connected by elastic bonds (particles made of the same
materials were connected by a bond made of the same material, while particles of different materials were
connected by bonds with significantly lower modulus and ultimate strength). Within the sample is a region
simulating a subduction zone. It was shown that the presence of a «subduction zoney in the sample leads to a
significant reduction in strength and durability.

The simulations revealed a sequence of failure of structural elements: first, destabilization of the low-
strength interlayer simulating the boundary (friction zone) between the plates occurs, followed by gradual
cascading failure of high-strength inclusions (asperity). At this stage, failure is localized, associated with
the failure of the inclusions. The fractal dimension of these local failure foci is ~ 2. Dispersed failure is then
observed throughout the entire volume of the sample. A further increase in stress leads to the formation
of a failure foci (outside the asperity region), whose growth encompasses an increasingly larger volume,
accompanied by an increase in fractal dimension.

An analysis of the maximum local tensile stresses and strains was conducted. It was found that the Shannon
entropy, calculated from the distributions of these parameters, remains approximately constant during asperity
failure. While the change in Shannon entropy during fracture of the remaining fractions of the material is
similar to the change in stress on the specimen, this fact confirms the special role of inclusions in the fracture
process.
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