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B pabote npezcraBiieHbl pe3ysibTaThl Ja00PATOPHOTO MOJEIUPOBAHUS TPUTTEPHON aKTUBU3ALIMN HA MSITH
TUTIAX TECYAHWKOB Pa3IMYHOTO MpoucxoxaeHus — Berea, Castlegate, Bentheim, Buffalo u BleursWiller.
DKCrepuMEHTHl POBOJIMINCH HAa CEPBOTHMJIPABIMYECKOM Ipecce [nova mpu HUKINYECKOM Harpy>K€HUU C
n30BITOYHBIM OceBbIM HanpsbkeHueM 20—70 MIla npu BcectoponneM nasnenuu 10-30 MIla. MakcumansHoe
HanpspKeHue B IukIie coctaiisiio 40—50% ot npeena npoYHOCTH UCCIe0BAHHbIX IECUaHUKOB ITPU 33 JaHHOM
BCECTOPOHHEM JIaBJIEHUH, YTO MIO3BOJISIET PACCMAaTPUBATh LIUKINUECKOE BO3/ICHCTBUE KaK Clla0ble TPUTTEPHBIE
BO3MYIICHHSI, aHAIOTUYHbBIE NPWIMBHBIM Je(opManysiM B MPUPOIHBIX yCIOBUSX. MOHHTOPUHT Tpolecca
HAKOIUIEHUS MOBPEXJIEHUN OCYLIECTBIISJICS C MOMOIIBIO0 16-KaHAIbHON CHUCTEMBbl aKyCTHYECKOW dMHUCCHUH,
o0ecreunBaroIeil TPEXMEPHYIO JIOKAIIMIO COOBITHH C TOYHOCTBIO 2 MM W OIpENEJICHUE TUIAa MeXaHH3Ma
paspytienus no opuruHanbHor meroanke AESAM + ISO [1].

B kauecTBe WMHIMKATOpPOB pa3pylleHus aHanusupoBaiuch koddpduuuent Pemucutu (FR), mapamerp
b-value, nomn tunoB coObiTHil akyctuueckoi smuccuu (DC, CLVD, ISO) u ¢pakranpHas pa3MepHOCTb
MPOCTPAHCTBEHHOTO  pacmpezeneHuss THIOneHTpoB (D). AHammM3 TOMYYEHHBIX JTAHHBIX  BBISBHI
YCTOWYMBYIO 3aKOHOMEPHOCTh, HA0JII0JIaeMyI0 HE3aBHCHMO OT THIIA MECYAHUKA: HETOCPEICTBEHHO Mepes
MaKpOCKOIHMYECKUM pa3pylIEHUEM Bce 00paslibl JEMOHCTPUPYIOT CXOJUMOCTb KJIIOYEBBIX NapaMeTpoB
K ©IMHBIM KpUTHYECKHUM 3HaueHusM. FR cHmwkaercst Hike 0.4, 4TO CBHIETENBCTBYET O Tepexone K
HEOOPaTUMOMY HaKOIUIEHUIO MUKPOTIOBPEKICHNUN; YHEPTeTUIECKUN TTapaMeTp b-value mamaeT 10 3HAYCHUS
~ 0.4, yka3piBasg Ha JOMHHHPOBAaHUE KPYIHBIX COOBITHH AD Ha ¢QuHATBHON cTamuu [2]; ¢pakranbHas
pa3MepHOCTh MTPOCTPAHCTBEHHOI'O paclpeiesieHusl TUIIOLEHTPOB cHUkaeTcst 10 D = 2.0, uTo cooTBETCTBYET
(OpMHUPOBAHUIO TPAKTUYECKU IUIOCKOH IMOBEPXHOCTH pazioMa. [Ipu 3TOM JHUTOIOTHYECKHE Pa3IAUHs
MPOSIBIISIFOTCS HE B (QUHATIBLHBIX BEJIMYUHAX, & B CKOPOCTH JOCTHKEHHS KPUTHIECKUX 3HaUeHul. Hanmenbiee
BpeMsI 10 pa3pylIeHus 3apuKcupoBano i necuannka Castlegate, HanbGomnbinee — s Berea. [IpomexyTounbie
3HavyeHus1 Habmronatores y Buffalo, BleursWiller u Bentheim.

OcoOblii MHTEpEC MPEICTaBIsSET NWHAMHKA THIIOB MEXaHW3MOB pa3pymieHus. Ha paHHuUX cragmsx
Harpy»XeHUsI JOMUHHUPYIOIIUH TUI COOBITHS BapbUPYETCS B 3aBUCUMOCTH OT oOpasiia: B necuanukax Buffalo
u Berea npeo6anarot casurossie Mexanu3mel (DC, 60-80%), B Bentheim — cmemannbie Mexanu3msl (CLVD,
50-60%), B BleursWiller HaGnromaercst Oosiee paBHOMEpHOE pacnpesenenne TuoB. OaHaKo Ha PUHATBLHOM
CTaJIU’ BCEe 00pa3Ibl IEMOHCTPUPYIOT SIUHBINA CIICHAPUH — POCT JIOJIM CMEIIAHHBIX U U30TPOITHBIX COOBITHIA
10 30-70%. Y BleursWiller 3a¢mkcupoBana BeIpaKeHHAs aHTUKOPPEISHs b-value ¢ pa3oii uKiIa Harpy3KH,
YTO yYKa3bIBACT HA aKTHBH3AIUIO JIOKAJLHBIX 30H pa3ynpodHeHusl B a3e pa3rpy3ku; y Buffalo Habmonaercs
maTooOpa3Has quHamuka FR ¢ mocnenyromum pe3kum najgeHueM.

[TonmyyeHHbIe pe3ybTAThl MO3BOJSIOT CHOPMYITUPOBATH MHOTOMAPAMETPUYECKUN KPUTEPHUH OLECHKH
TOTOBHOCTH PA3JIOMHOW 30HBI K pa3pymIEHUIO TOJ JCUCTBHEM Cla0bIX IUKIUYECKUX HapsKESHUH.
Kputnueckoe cocTosiHrE COOTBETCTBOBAJIO OJJHOBPEMEHHOMY BhITIONIHEHHIO YcioBuii: FR <0.4, b-value <0.4,
noiast DC <65%, D <2.1. octuxenue 3Tol koMOnHauu 3agukcupoBano 3a 3—10 ¢ 70 MaKpOCKOITUYECKOTo
pa3pylIeHHs BO BCEX IKCIIEPUMEHTAX HE3aBUCUMO OT TUIIa [TecyaHuka. Mcrnonb3oBanue Kputepust 11s J1ito00ro
napamMeTpa 1o OTAETBHOCTH MPUBOAUT K JIOKHBIM CPa0aThHIBAHHSM.

Pe3ynbTaThl paboThl B COBOKYITHOCTH C aHAJIM30M JAHHBIX JIPYTUX UCCIIE0BATENEH MO3BOJISIOT 3aKII0UUTh,
YTO TPUTTEPHAST AKTHBU3AIHSI PA3JIOMHBIX 30H B IECYaHNUKAX MO ICWCTBHEM CIIA0BIX IUKITNIECKUX HATPSKECHUI
ClleZlyeT YHUBEPCATIbHOMY CLIEHApHIO, HE3aBUCUMOMY OT MUKPOCTPYKTYPHBIX OCOOEHHOCTEH MOPOIBI.

Paboma sevinonnena 6 pamxax eoczadanusi UD3 PAH 6 [Jenmpe KoNLeKMUBHO20 NONb3068AHUSA
«llempoghusuxa, ceomexanuxa u naneomacnemusm» UP3 PAH.
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This study presents the results of laboratory modeling of triggered activation on five types of sandstones of
various origins — Berea, Castlegate, Bentheim, Buffalo, and Bleurswiller. The experiments were conducted on
an Inova servohydraulic press under cyclic loading with differential axial stress of 20—70 MPa and confining
pressure of 10—30 MPa. The peak stress within the cycle amounted to 40—-50% of the strength limit of the
studied sandstones at the given confining pressure, allowing the cyclic loading to be considered as weak
trigger perturbations analogous to tidal deformations under natural conditions. Monitoring of the damage
accumulation process was performed using a 16-channel acoustic emission system, providing 3D location
of events with an accuracy of 2 mm and determination of the failure mechanism type using the original
AESAM + ISO technique.

The following failure indicators were analyzed: the Felicity Ratio (FR), the b-value parameter, the
proportions of acoustic emission event types (DC, CLVD, ISO), and the fractal dimension of the spatial
distribution of hypocenters (D). Analysis of the obtained data revealed a robust pattern observed regardless
of the sandstone type: immediately prior to macroscopic failure, all samples demonstrated convergence
of key parameters to unified critical values. The FR drops below 0.4, indicating a transition to irreversible
accumulation of microdamage; the energy parameter b-value decreases to ~ 0.4, indicating the dominance of
large AE events at the final stage; the fractal dimension of the spatial distribution of hypocenters decreases to
D = 2.0, corresponding to the formation of a nearly planar fault surface.

Of particular interest is the dynamics of the failure mechanism types. At early loading stages, the dominant
event type varies depending on the sample: shear mechanisms (DC, 60—-80%) prevail in Buffalo and Berea
sandstones, mixed mechanisms (CLVD, 50-60%) in Bentheim, and a more uniform distribution of types is
observed in Bleurswiller. However, at the final stage, all samples demonstrate a unified scenario — an increase
in the proportion of mixed and isotropic events to 30—-70%.

The obtained results allow for the formulation of a multiparametric criterion for assessing the readiness
of a fault zone for failure under weak cyclic stresses. The critical state corresponded to the simultaneous
fulfillment of the following conditions: FR < 0.4, b-value < 0.4, DC proportion < 65%, D <2.1. Achievement
of this combination was recorded 3—10 seconds before macroscopic failure in all experiments regardless of the
sandstone type. Using the criterion for any single parameter separately leads to false positives.

The results of this study, combined with the analysis of data from other researchers, allow us to conclude that
the triggered activation of fault zones in sandstones under weak cyclic stresses follows a universal scenario,
independent of the rock>s microstructural features.
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