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B pabore mpencraBieHbl pe3yNbTaThl JIAOOPATOPHOTO HCCIICAOBAHUSI PACIPOCTPAHCHHS TPEIIUHBI
THJPOpa3pbiBa B MOJICILHOM MaTepHaJie, COJCPKaIeM KPyITHbIC HEOJHOPOIHOCTH. 3yueHre B3anMoAeCTBHS
TPEIIMHBI TUIPOPA3PHIBA C BKIIFOYCHUSIMHU ITPEICTABIISIET 3HAYUTEIILHBIN HHTEPEC TS HOHMMaHHsI MEXaHU3MOB
pa3BHUTHUS TPEUIMH B PEAbHBIX T€OJOTMYECKUX CPEAax, Il CTPYKTypa MOpPOJ XapaKTepU3yeTcsl HAINIUEM
HEOHOPOIHOCTEH Pa3IMYHOr0 MacIiTada U IPOUCXOKIACHUS.

DKCHEePUMEHTHI IPOBOIUIIUCH Ha IIMIMHIPUYECKIX 00pa3iax ¢ IEeHTPAIbHON CKBAXKUHOM, M3TOTOBJICHHBIX
U3 TUIICOIIEMEHTHOW CMECH W TPOMBIINUICHHOIO HajiuBHOro mona. Jlis ¢GopMupoBaHUS CTPYKTYpHOM
HEOJHOPOJHOCTH B 00pa3libl BBOIWJIMCH BKIIOYEHHS W3 albTEPHATHBHOIO Marepuana, 00JaJaroliero
OTJIMYAIOMIUMUCS (PU3UKO-MEXaHHYECKHMMHU CBOWCTBaMU. KoH(urypauus BKIIOUECHHH MOJOMpPANTach TaKHM
00pa3om, 4To0bI 00ECTIEYNTh B3aUMOCHCTBUE PACTIPOCTPAHSIOIIEHCS TPELIHMHBI THAPOPA3phIBa C TPAHULIAMH
pasJena MaTepualoB B mpolecce e€ pocra.

[lepen mnpoBeneHHMEM OSKCHEPHUMEHTOB OBUIM  HCCIIEJOBaHBI OCHOBHBIC  (DU3UKO-MEXaHUYECKHUE
XapaKTEPUCTHKH UCIIOJIb3YEMBIX MAaTEPUAIOB, BKJIFOUYAs IIPOYHOCTh TPU CKATUU M PACTSHKCHUH, TUIOTHOCTD,
MOJyJIb YHOPYTrOCTH ¥ MPOHHUIAEMOCTh. JTO IO3BOJHIO KOPPEKTHO HWHTEPIPETHUPOBATH HAOJIIOacMbIe
0c00eHHOCTH (HOPMHUPOBAHHS TPEIIUHBI THIPOPA3PhIBA.

[Tpouecc 00pa3oBaHUsT W POCTa TPEIIMHBI PETHCTPUPOBAICS METOJOM aKyCTUYECKOW OSMHCCHH C
UCIIOJIb30BAHUEM ITHE30JICKTPUUECKUX JAaTYMKOB, PAa3MEIIEHHBIX Ha IMOBEPXHOCTH HSKCIEPHUMEHTAIBHON
cOopku. OJHOBPEMEHHO OCYIIECTBISUIACH PETMCTpals JaBICHUS KHIKOCTH B CKBaxkmHe. OOpaboTka
JTaHHBIX BKJIOYAJIa BBIJICICHUE UMITYJILCOB aKyCTUYECKOM SMUCCHH, ONIPEICICHUE BPEMEHN UX BCTYIUICHUS U
JIOKAIMIO UCTOYHMKOB CHT'HAJIOB C UCIIOJIb30BAHUEM BPEMEH MPUX0/1a YIPYTHX BOJIH.

[TokazaHo, 4TO MpU B3aUMOJACHCTBHU C BKIIIOYCHUSMH TpEIIMHA THIpOpa3pbiBa HE IEepeceKaeT uX, a
pacmpocTpaHsieTcsi BIOJb TPaHUIIBI pa3/iesia MaTephajioB, orubas BKItoueHHs. [locie BbIXOAa M3 30HBI
HEOTHOPOIHOCTHU TPEIMHA MPOIOJDKAET POCT B OCHOBHOM Matepuaie o0pasua. Y CTaHOBICHO, YTO TPOLIECC
pOCTa TpPEIIMHBI CONPOBOXKIACTCS CTYNEHYATHIM YBEIMUYCHHEM HAKOIUICHHOW aKTHBHOCTH aKyCTHYECKOI
smuccud. MHTEpBanbl MHTEHCUBHOTO POCTa COOTBETCTBYIOT PACHPOCTPAHEHUIO TPEIIMHBI B OCHOBHOM
Marepuae, TOr/ia Kak y4acTKH TOHMKCHHOW aKTHBHOCTH CBSI3aHBI ¢ €€ paclpOCTPaHEHUEM BJIOJIb TPAHHIL
BKJIFOYECHUH.

Pe3ynbTaThl JIOKalMM MCTOYHMKOB aKyCTHYECKOH IMHCCHH TOKA3bIBAIOT, YTO UX HPOCTPAHCTBEHHOE
pacrpeeseHue XOpOILo COTJIacyeTcsl C TPAeKTOpUEH TPelIMHbI, HaOI01aeMOil Ha MOBEPXHOCTH 00pa3LoB
MOCJIE IPOBEJICHUS SKCIIEPUMEHTOB. JTO MOJATBEPKAAET BO3MOYKHOCTB UCTIOJIb30BAHUS METO/Ia AKyCTUYECKOM
OMHCCHH JIJIs IETATBHOTO aHAIN3a IMHAMUKY Pa3BUTHS TPEIMH THAPOPA3PHIBA.

[Toy4eHHBIE pe3yNbTaThl CBHACTEIBCTBYIOT O CYIICCTBCHHOM BIIMSTHHU KPYIHBIX HEOJIHOPOIHOCTEH Ha
XapakTep paclpoCTPaHEHUs TPEIIUHBI THAPOPa3pbiBa U MOTYT OBITh MCHOJB30BaHbI MPU MHTEPIPETALHH
AHAJIOTUYHBIX MTPOIIECCOB B MPUPOIHBIX TEOJIOTHIECKUX Cpeiax.

Pa60ma 6blNOJIHEHA 6 pAMKaAX eocydapcmeeHHoeo 3adaHu;1 MuHucmepcmea HAYKU U eblcuieco 06pa306’aH1/lﬂ
P® (mema Ne 125012100531-7).
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The paper presents the results of a laboratory study of hydraulic fracture propagation in a model material
containing large heterogeneities. The investigation of fracture interaction with inclusions is of significant
interest for understanding fracture development mechanisms in real geological media, where rock structure is
characterized by heterogeneities of various scales and origins.

The experiments were carried out on cylindrical samples with a central borehole, fabricated from a gypsum-
cement mixture and a commercial self-leveling compound. Structural heterogeneity was introduced by
embedding inclusions made of an alternative material with different mechanical properties. The configurati n
of the inclusions was designed to ensure interaction between the propagating hydraulic fracture and material
interfaces during its growth.

Prior to the experiments, the main physical and mechanical properties of the materials were determined,
including compressive and tensile strength, density, elastic modulus, and permeability. This allowed for a
reliable interpretation of the observed features of hydraulic fracture formation.

The fracture initiation and propagation processes were monitored using the acoustic emission (AE) method
with piezoelectric sensors mounted on the experimental assembly. Simultaneously, the fluid pressure in the
borehole was recorded. Data processing included the detection of AE events, determination of their arrival
times, and localization of the emission sources using travel-time analysis of elastic waves.

Itis shown that upon interaction with inclusions, the hydraulic fracture does not penetrate them but propagates
along the material interfaces, effectively bypassing the inclusions. After leaving the heterogeneous zone, the
fracture continues to propagate in the host material. It is established that fracture growth is accompanied by a
stepwise increase in cumulative acoustic emission activity. Periods of rapid AE growth correspond to fracture
propagation in the host material, whereas intervals of reduced activity are associated with propagation along
material interfaces.

The localization results demonstrate that the spatial distribution of AE sources is in good agreement with
the fracture trajectory observed on the sample surface after the experiments. This confirms the applicability of
the acoustic emission method for detailed analysis of hydraulic fracture dynamics.

The obtained results indicate a significantinfluence of large heterogeneities on hydraulic fracture propagation
and can be used for interpreting similar processes in natural geological environments.

240





