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Ocob6eHHOCTH pa3pbIiBOOOpa3oBaHNSA B PeOsIOrM4eCKM HEOQHOPOAHOM
0CaAo04YHOM 4Yexrsie Hag aKTUBHbIMM pasnomMmamMmu pyHaameHTa: no
pe3ynbTatam (pu3n4eckoro MogenmpoBaHus
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AHHOTaumA. BoimonHeHo (u3nyueckoe MojelupoBaHHe Mpoiecca (HOPMUPOBAHHS CIABUTOBOM
30HBI B OZHOCJIOWHBIX ¥ MHOTOCTIOMHBIX MOJENAX MOJEISIX C LIENbIO BBIICHEHUS! 0COOEHHOCTEH pa3-
JI0MO0OOpa30BaHMUsl B PEOJIOTUUECKH HEOJHOPOAHOM OCAIOYHOM YexJie MIaT(opMbl Hall aKTUBHBIMU
paznomamu ¢pyHIaMeHTa. MoAenbHBIME MaTepHallaMy CITY KM BOJHAS TacTa MOHTMOPHIITIOHUTOBON
[JIMHBI, BIQXKHBIN IIECOK M MX KOMITO3UT. Ha nmpumMepe 0THOCIONHBIX MOJENIEH IOKA3aHO, YTO TOJIIIMHA
neGOpMUpPYEMOTo CII0S ONpeAesIeT IUPUHY 30HbBI CABUTA, BpEMsI Hayalla B Hell pa3pbIBOOOpa30BaHus
U JUIMTEJIBHOCTD PeIM3alii CTaAul €€ pa3BUTHUS, a €r0 PEOJIOTMYECKUE CBOMCTBA OIIPENEIISIOT 0CO-
OCHHOCTH €€ BHYTPEHHEH pa3pbIBHOM CTPYKTYphI. Pe3ybTaThl MOJCIMPOBAaHUS Ha PEOJIOTHYECKU HE-
OJHOPOAHBIX MHOT'OCJIOMHBIX MOJEJISX, OKA3aIH, YTO LIMPHUHA QOPMHUPYIOIIEHCS B HUX CABUTOBOH
30HBI HE OCTAETCS MOCTOSHHOW MO BEPTUKAIBLHOMY U OIPENENIAETCS CBOMCTBAMH MOJIENBHOTO MaTe-
puaia.

Knro4deebie croga: ocadounbvlii uexol, Mecmopoxicoenus Hegpmu, usuyeckoe Mooeruposatue,
30Ha co8uea, cmaouu paspuleo0OPA3068aHUs, WUPUHA 30HbI.

Features of rupture formation in a rheologically heterogeneous
sedimentary cover over active foundation faults: according to the
results of physical modeling
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Abstract. Physical modeling of the process of formation of the shear zone in single-layer and
multilayer models of models is carried out in order to elucidate the features of fault formation in the
rheologically heterogeneous sedimentary cover of the platform over the active fractures of the foun-
dation. Model materials were montmorillonite clay water paste, wet sand and their composite. On the
example of single-layer models, it is shown that the thickness of the deformable layer determines the
width of the shear zone, the time of the onset of rupture formation in it and the duration of the imple-
mentation of the stages of its development, and its rheological properties determine the features of its
internal discontinuous structure. The results of modeling on rheologically heterogeneous multilayer
models showed that the width of the shear zone formed in them does not remain constant in vertical
and is determined by the properties of the model material.

Keywords: aboutthe cage cover, oil fields, physical modeling, shear zone, stageand rupture for-
mation, zone width.
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BeedeHue

BoJIbIIMHCTBO KOHTHHEHTAIBHBIX MECTOPOXK-
neHui HepTH | Ta3a pacnojiararoTcs B 0cajoy-
HBIX YeXJIaX IUIAaTGOpM, CI0KEHHBIX Pa3HOBO3-
pacTHBIMH KOMIUIEKCAaMH OpOJI,
OTJIMYAIOIINXCS TI0 COCTaBY, U HAPYIICHBIX MHO-
TOYHCIICHHBIMU 30HaMH Pa3lIOMOB. Pa3ioMsr BO
MHOI'OM OIIPCACIIAOT MHUI'PALMIO Haq)TI/II[OB 110
paszpe3y 0CaJoyHOro yexJya U uX JIOKAJIN3ALUIO B
KOJUIeKTOpax. B cBsi3u ¢ atum, mis Gornee -
(EKTUBHOW OpraHU3aIK MOUCKOBBIX paboOT Ha
JJUICH3MOHHBIX IIOIAAAX, a TAKXKEC OJI4 BLI60pa
MOTEHIHAILHO Oe3aBapUITHBIX MECT PACIIOIIONKE-
HUSl SKCIUTYyaTallMOHHBIX CKBO)XUH HAa MECTO-
pOXIeHUsAX HeoOXoauma uH(pOpMAIHs O Mpo-
CTPAHCTBCHHOM IIOJIOKCHHUH PA3JIOMHBIX 30H U
UX BHYTPEHHEM CTpoeHHH. M3yueHue pa3ioMoB
MOJIEBBIMU CTPYKTYPHO-T€OJIOTHYECKUMHU METO-
JaMH B TIpeniesiax HeTera30HOCHBIX O0JIacTei
wiathopM 3aTPyIHEHO W3-3a Ciaboi pacuiie-
HEHHOCTH pelibeda U OTCYTCTBUsI OOHAKEHUI, B
CBSI3U C YEeM, OCHOBHYK) MH(OPMAIUIO O HHUX
MO>KHO TIOJIYYUTh MOCPEIICTBOM CEHCMOIOTHYe-
CKHUX METOOOB. HpI/I 9TOM CHICHHUAJIMCTHI IIPHU UH-
TepIpeTaluy MOJYYEHHBIX TOCIE KOMITBIOTE-
HOM  00pabOTKM  CEeMCMHUYECKUX  pa3pe3oB
HEpEeIKO 3aTpyIHSIOTCS HJIEHTU(UUIUPOBATH

Paumas QnIsionKTHBHan craams - |

N\
MarmcTpansssit
cmecTurens

Pa3JIOMBI, 110 BBIACIUBIIMMCS HA HUX CTPYKTYp-
HBIM HEOJHOPOTHOCTSM. JTO OOYCIOBJICHO
JIBYMsSI IPUYMHAMH.

[lepBast mpuuuHa CBsA3aHa C OCOOEHHOCTHIO
Pa3BUTHUSL PA3JIOMOB B OCaJOYHOM ueXJje IaT-
¢dopmM. M3BecTHO, 4TO POPMHUPOBAHUE 30HEI pa3-
JIOMOB TPOUCXOIHWT B paMKax TpeX CTaaui
(Ilepman u ap., 1991; Cemunckwuii, 2003). B
MEPBYIO PAHHIOIO JTU3BIOHKTUBHYIO CTAIUIO pa3-
JIOM TPEJCTABIIEH IIUPOKOM 30HOM C BBICOKOM
IUIOTHOCTBIO  HENPOTSHKEHHBIX — Pa3pbIBHBIX
HapylieHuil. Bo BTOpyIO MO31HIOI JU3BIOHK-
TUBHYIO CTaJUI0 3TH pa3pbIBHbIC HAPYIICHUS
TPaHCHOPMHUPYIOTCS B HECKOJIBKO KPYITHBIX Pa3-
PBIBOB, KOTOPBIE BIIOCIEICTBUU OOBEIUHSAIOTCS
B €IUHBIA MarucTpaJbHBIN (CTaAMs MOJIHOTO
paspymenust) (puc. 1). [lnatdopmsl xapakrepu-
3yIOTCSl Ca00M TEKTOHMYECKON aKTHBHOCTHIO
BCJIE/ICTBHE YETO Pa3BUTHE PAa3IOMOB B UX OCa-
JIOYHOM 4Y€XJIe PEJKO BBIXOIWIO 32 PAMKH PaH-
Hel TU3bIOHKTUBHOM cTaguu (CeMUHCKHMA U 1.,
2021). Takum 00pa3om, pa3IoOMbl B OCaJOYHOM
YexJie Yalle BCEro npeacTaBleHbl B BUE 30H MO-
BBIIIICHHOW MIOTHOCTH HEMPOTSKEHHBIX MaJjio-
AMIUTATYIHBIX Pa3pbIBHBIX HAPYIICHUH W TI0-
TOMY IUIOXO OTPAKAIOTCA B CEHCMHYECKHX
BOJIHOBBIX MOJISX.
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Puc. 1. CtpykTypa pa3aoMHO# 30HbI (Ha mpuMepe mpaBoro casura) (Cemunckwuii, 2014, 2015). (a) — ctpoeHne
Pa3JIOMHOM 30HBI Ha TPEX IJIABHBIX CTaAUAX Pa3BUTHS: | — yUaCTKH C pa3IMYHBIM KOJIMYECTBOM Pa3phIBOB B
eIMHUIIC TUIOLIAI1; 2 — MaruCTPANbHBIA CMECTHTENb (pa3pbiB 1-ro mopsaaka); 3—5 — casuru (3), cOpocsl (4) u
HaaBurH (5) 2-ro mopsaka. JlatuHckue OyKBBI — pa3HOTHITHBIE pa3pbIBhI 2-To mopsaka (R, R, n’, n, t’, t, P) u
MarucTpabHbIN cMecTuTeNnb 1-ro mopsaka (Y); (0) — sTaloHHBIN mapareHe3nc (Tpadaper) pa3psiBOB 2-TO
nopsaka ajist HpaBOCHBHFOBOﬁ 30HBbI, KOTOpI:Iﬁ MMPEACTAaBJICH B IIJIOCKOM BapUaHTEC, IIO3BOJIAIONIEM ITPOBOJUTH
aHaJM3 po3a-AuarpaMM MPOCTHPAHUN Pa3pPBHIBHBIX HAPYIICHWHA MPUPOAHOW ceTw; (B) — MPUHIHUMHAIbHAS
cXxeMa IIONEpPeYHON 30HAJIBHOCTH pa3jiomMa, NPOUIEJAIIET0 B CBOEM pa3BUTUM BCE TPU CTAJAUHU
pa3pI>IB006pa3OBaHI/I$l: 1 - TPCHIMHOBATOCTD, 2 — KPYIIHBIC TPCUIUHBI; 3 - CMECTHUTCIIb, 3aII0JIHCHHBIN
TEKTOHUTAMU, 4 — BHeNIHSA rpaHuia pa3JIOMHOI>'I 30HBI; 5 — CJ'Ia6OHapyIHeHHI)II71 HOpOI[HI;IfI MacCCUuB, 6 —
TJIaBHBIE AJIEMEHTHl BHYTPEHHETO CTPOSHHUS Pa3JIOMHOW 30HBI, c(hopMHpOBaBIIMECS HA Pa3HBIX CTaIUsIX
pa3pbIBOOOpa3oBaHusI. Ma — IMMpPHUHA CABUTOBON 30HBI.

Fig. 1. The structure of the fault zone (on the example of the right shift) (Seminsky, 2014, 2015). (a)- the
structure of the fault zone at three main stages of development: 1— areas with a different number of gaps per
unit area; 2— main shifter (1st order break); 3-5— shifts (3), resets (4) and forwards (5) of the 2nd order. Latin
letters are different 2nd order breaks (R', R, n', n, t', t, P) and a 1st-order highway shifter (Y); (b)— a reference
paragenesis (stencil) of 2nd order breaks for the right-wing zone, which is presented in a flat version that allows
the analysis of rose-diagrams of the extensions of discontinuous disturbances of the natural network; (c)- a
schematic diagram of the transverse zonation of a fault that has passed in its development all three stages of
rupture formation: 1— fracture; 2— large cracks; 3— a displacer filled with tectonites; 4— the outer boundary of
the fault zone; 5— weakly disturbed rock massif; 6— the main elements of the internal structure of the fracture
zone, formed at different stages of rupture formation. Ma is the width of the shear zone.

Bropas npuumnna cBsizana co crienupuKoun jie-
dbopMaluu 1 pa3pylieHus: PeoIoruuecku Heo/I-
HOPOJHOI'O OCaJOYHOT0 4YeXJja, CJIOXKEHHOIO
MHOT'OCJIOMHBIMHM KOMILIEKCAMU MOPOJ Pa3HOIo
BO3pacTa M COCTaBa. JKCIIEPUMEHTAIILHOE BOC-
MPOU3BEICHNE Tporecca GOPMUPOBAHUS 30HBI
cOpoca B OJHOCIOWHON MOJENTH OCaJ0YHOTO
yexja HaJl aKTUBHBIM pa3ioMoM (yHIaMeHTa
IMOKAa3bIBar0T, YTO IO MCPC YBCIUUYCHUA aMILIN-
TYABI CMeIleHus OJ0KOB (yHIaMeHTa Mpoliecc

pacnpocTpaHsieTcsl CHU3Y-BBEPX II0 MOJENH
(puc. 2). B MHOrOCIIOHHOI MOJENH ¢ OTINYaIO-
IIMMHCSL PEOJIOTMYECKUMU CBOWCTBAMU CJIOEB
cnenuduka GopMHpPOBaHUS TAaKOM 30HBI pa3-
JIOMa OTIIMYaeTcs OT ONMMCAHHOM, O YeM CBUJIE-
TEIBCTBYET MPEACTABICHHBIM HIKE OPUTHHAIb-
HBIN ceficMuueckuil (puc. 3A) u nosryueHHas 1o
pe3yibTaTaM €ro KOMIBIOTEpPHOW 00pabOoTKU B
CXEeMa paclpeieseHus M0 HEMY pa3pbIBHBIX
HapymeHui (puc. 3b).

pa3pBIBOO6paSOBaHI/I$I B 30HC TIOCTCIICHHO
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Puc. 2. CxemaTnuHoe I/I306pa)KCHI/Ie IIOCJICA0BATCIBHOCTH (bOpMPIpOBaHI/IH 30HbI c6poca B O,I[HOCHOP'IHOP'I
MOZCIIN 0CaJ0OYHOTO Y€XJia HaJl aKTUBHBIM pa3jioOMOM q)yHHaMeHTa B 4eXJie
Fig. 2. Schematic representation of the discharge zone formation sequence in a single-layer sedimentation

cover model over the active foundation fault in the cover

Bunno, uyTo pa3pbiBHas CTPYKTypa 30HBI pa3-
noMa ¢pparMeHTapHa U IpeACcTaBIeHa Yepeayro-
IIMMHUCS IO BEPTUKAIIN JIOKAIBHBIMU 00bEMaMU
CHJIbHOW, YMEPEHHOH M CJ1abol HapyHIIeHHOCTH
(puc. 3). B yem nmpuunHa Takoro ¢pparmMeHrap-
HOT'O CTpO€HHUs 30HBI pasnoma? Iloucky orBera
Ha 3TOT BOIIPOC MOCBALICHA HACTOAILAS CTAThs,

9

(GakTypHYIO OCHOBY KOTOPOW COCTaBJISIOT pe-
3YyJIbTAaThI (I)I/IBI/I‘ICCKOFO MOACIINPOBAHUC TIPO-
LIECCOB  Pa3pblBOOOpPA30BaHMsI B  OCAJOYHOM
YexJIe HaJl aKTUBHBIMH pa3jioMaMH pyHIaMEHTa.
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1. Memoduka ModesntuposaHusi,
¢ghakmuyeckuli mMamepuan u Memoobl
obpabomku

1.1. OkcniepumeHmarnbHoe obopydogaHue
u 06bekm modenuposaHusi

MonenupoBaHue MPOBOIMIOCH HA YCTAHOBKE
«Pazmom» (puc. 4A). PaGouas mOBEpPXHOCTH
YCTaHOBKH COCTOUT M3 TPEX MITAMIIOB, Pa3JIny-
Hble KOMOWHAIMU JBUKEHUH KOTOPHIX MO3BO-
JISIOT 32/1aBaTh B Pa3MEIIEHHBIX HA HUX MOJICIISIX
BCE OCHOBHBIE BHJIbI AeopMaliuii, — cxkaTue,
pacTsbKeHUe, CABUT CO CKOPOCTSIMU 103, 10* u
10° m/c.

1.2. MoOernbHble Mamepuaribl

B kauecTBe MOJEIBHBIX MATEPUATIOB HCIIOJIb-
30BaHbl BOJHAs I1aCTa MOHTMOPHIIIOHHTOBOI
[IIMHBI ¥ BIIAXKHBIN 11ecok. [lepeunciennsie Ma-
TepHrala 4acTo UCIIOIb3YIOTCS B IIPAKTHKE (pr3H-
yeckoro wmozaenupoBanus (Dooley, Schreurs,
2012; Graveleau, Malavieille, 2012). Otum mo-
JETbHBIM MaTepHallaM COOTBETCTBYIOT B IIPH-
pojie TUIOTHBIE TJMHBI M MECYAHUKH, COOTBET-
CTBEHHO.

1.3. Ycnosus nodobus

JUia onpezneneHus TpaHUYHBIX yCIOBUM JKC-
MEPUMEHTOB, TPOBOJAMMBIX Ha MOJIEISX U3 BOA-
HOM 1TacThl MOHTMOPHWIZIOHUTOBOM TJIMHBI, IIPO-
SBIAOIEd Tpu 1edOpPMUPOBAHUU CBOMICTBa
BA3KOCTH M IUIACTMYHOCTH OBITH HCIOJIB30BaH
Kputepuii nonoodus [I'30Bckuit, 1975]:

Cnh=Cpy Cq- CL-Ct (1),

rie N — BSA3KOCTb, [la-c; p — MJIOTHOCTS,
kr/mM3 § — yCKOpeHHe CBOOOIHOrO MajeHus,
M/c?; L — nuHelHbIE pa3Mephl, M; t — Bpewms, C.

Ipu , Cp= 0.7, Cg=1 n C;=~ 10"° paBencrro
B YpaBHEHUU 2 TOCTUTaeTcs npu 3HaueHun Cn=
10"°. C yueToM BA3KOCTH IVIMH B MO3/IHEH cTa-
min muaresesa | ~ 108 IMa-c [Ocumos u ap.,
2001] BA3KOCTh MOJIETLHOTO MaTepuraia JOJIKHA
coctapuate 10° Ia-c. Ilpu BEIGpaHHOM 3Hade-
Hun C: 1 MMHyTa 3KClIepUMEHTa COOTBETCTBO-
Basia 10000 et mpupoaHOro mporiecca.

ITockonbKy MOZAENnM U3 IMecka He 00JIafaroT
BA3KOCTBIO, TO JUISl HUX MCIOJIB30BAJICS KPUTE-
puil momoOus, YYUTHIBAIOIIMKA IMPOYHOCTHBIE
CBOMCTBA MOJEIBLHOTO MaTepHaa:

C:=Cy Cqy-CL(2)
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rlie T — IPOYHOCTh Ha C/IBHT;

B cooTBeTcTBUU C HUM U, UCXOJIS U3 yCpe.-
HEHHBIX 3HAYCHHU MPOYHOCTHBIX CBOWMCTB IIO-
POJl 0OCaAOYHOTO YexJia (IECUaHUKOB, aJICBPOJIH-
TOB, apTUJUTUTOB, TUIOTHBIX TJIUH) U JIMHEHHBIX
pa3MepoB MPUPOIHOTO OOBEKTa PACCUUTHIBA-
JIMCh TPAHUYHBIC YCIOBUS DKCIIEPUMEHTOB. J[y1st
UCIIOJIb30BAHHBIX HAaMU MOJCIBHBIX MaTepHa-
JIOB MPOYHOCTHh Ha CIIBUT COCTABIIsIA: BOJIOHA-
celmeHHoi macTel riauasl — 35004000 Ila, a
BraxxHoro necka — 12000-12500 ITa. ITeppomy
MOJICTIbHOMY MaTepHaty COOTBETCTBYIOT B TIPH-
poie TBEpAbIC TIIMHBI , apTUJLTUTHI U alleBPO-
JUTHI, IECYaHUKH. VX MPOYHOCTH HA CIBHT Xa-
paKTepu3yercs CJICAYIOUTMHU CPeIHUMU
3HaueHusamu: 35 Mlla, 220 MlIla u 350 MIla co-
orserctBenHo. [Ipu C:= 10°, C,~ 0.7 u Cg=1
PaBEHCTBO B YPaBHCHHH 2 JJOCTUTACTCS IPH 3HA-
geanu CL=1.5-107°.

A

() - cnabo HapyLeHHble 06beMbl paspesa

Puc. 3. OpurunaneHbii ceiicmMopaspes (A)
pe3yibpTaT ero KommbiotepHol o00pabotku  (B).
OpaHkeBbIM  IITPUX-IIYHKTUPOM  OKOHTYPEHBI
T'paHUIBI 30HBI pa3jioMa

Fig. 3. The original seismic cut (A) and the result of
its computer processing (B). Orange dash-dotted line
outlines the boundaries of the fracture zone
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Puc. 4. YcranoBska «Paziomy» JJI1 MOACTIUPOBAHUA TCKTOHNMYCCKUX MPOLECCOB B €CTECTBCHHOM I10JIE€ CHJIbI

TsDKeCcTH. A, b, B — moABM)XHBIE IITAMIIBI

Fig. 4. Rift installation for modeling tectonic processes in the natural field of gravity. A, B, C — movable

stamps

1.4. TexHuka no02o0moeKu U rpoeeodeHuUsi
3KcriepuMeHmos

Monenb, UMUTHPYIOIIAsl OCaI0YHbII YeXOJI,
pacrionaranachk Ha paboueil MOBEpPXHOCTH ycCTa-
HOBKM Ha mrtamnax A, b u B, umutupyrommumx
6moku ¢pynnamenta (puc. 4, SA). B xoze skcrne-
puMeHTa mraMinsl A 1 b octaBanich HemoaBHK-
HBIMH, a IITaMIl B cMeiancs OTHOCUTEIbHO HUX
B TOPU30HTAJIbLHOM HANpaBJIEHUH, YTO oOecre-
yuBajo (OPMUPOBAHHME CIBHUIOBOM 30HBI B
BhIIIIE Jexamen moaenu. [Ipu noaroroske Mo-
JIeNn Ha e€ MJIaHOBYIO TOBEPXHOCTh HAHOCHIIACh
CeTKa MapaJljIeNIbHbIX PpENEepHbIX JHMHHUM, IO

1 [ 2[&=7] 3 [«—]

MCKPUBJICHUIO KOTOPBIX B MPOIECCE IKCIEPHU-
MEHTa OIICHWBAJIACh IIMPHHA 30HBI TUIACTHYC-
ckux aedopmanmii (puc. 5b).

DKCIepUMEHTHI TPOBOAUIUCH Ha OJHOCIOMN-
HBIX MojensiX. Ha kakloM MOJebHOM MaTepu-
aJie BBIMMOJHECHO: 10 5 3KCIIEPUMEHTOB C IOCIIe-
JIOBATEeILHBIM MU3MCHCHHUEM OT JKCIIEPHUMCEHTA K
JKCIEpUMEHTY ToimuHbl Moaenu ot 0.01 mo
0.05 m yepe3 0.01 M, Ipu MOCTOSTHHOM CKOPOCTH
nedopmuposarns (V= 10" m/c). Xoa Kaxoro
sKcrepuMenTa (pororpadupoBaics ¢ 3aJaHHOU
TUCKpeTHOCThIO. [Tomydennsle ¢ mozaeneit Gporo-
rpaduu BIOCIEACTBUH UCTIOIB30BATUCH IS TIO-
CTPOCHUS CTPYKTYPHBIX CXEM H JIJIsl 3aMEPOB He-
00XO0JIMMBIX KOJIMYECTBECHHBIX ITAPAMETPOB.

Puc. 5. Cxema sxcnepumenta (A) u ¢poto gparmenTa miIaHOBOW MOBEPXHOCTH MOJIENIM C HAHECEHHON Ha Heé

ceTKoH penepHbIx JTuHuH (B).

1- MOACIIb, 2— IITaMIIbI BKCHCpHMCHTaJILHOfI YCTaHOBKH; 3— HalpaBJCHUC CMCIICHUA aKTUBHOI'O IIITAMIIA.

Fig. 5. The scheme of the experiment (A) and a photo of a fragment of the planned surface of the model with

a grid of reference lines (b) applied to it.

1- model; 2— stamps of the experimental installation; 3 is the direction of displacement of the active stamp.

1.5. onyyeHHbIU ¢ moOernel hakmuye-
cKkult Mmamepuari

B npouecce sxcnepuMeHTOB (PUKCHPOBAIOCH
BpeMs IMOSIBIECHUS B (DOPMUPYIOILIEHCS CABUIO-
BOI1 30HE NIEPBBIX Pa3phIBOB, T. €. BpEMs Hayasa
paHHel Iu3bIOHKTUBHOM craauu (T1), Bpems
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peanuzanuu 3toi cramuu (T2), Bpems mo3gHei
I3bIOHKTHBHOM cTanauu (T3) u Bpems peamsa-
uu craauu nojHoro paspymenus (Ts). Tlo ¢o-
TorpadusiM CTPOUIUCH CXEMBI Pa3pPBIBOB C KOTO-
pPBIX CHMMAQJIHUCh 3aMepbl LIUPUHBI CABUIOBOU
30HBI (Ma), ompenensieMoll 1O JlaTepaIbHOMY
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PaCIPOCTPAHEHUIO CIIATAIONINX € BHYTPEHHIOO
CTPYKTYpY pa3pbiBoB (puc. 6).

Puc. 6. [Ipumep cTpyKTypHOU CXEMBI CIBUTOBOY 30HBI B TPETHIO CTAIMIO TIOTHOTO Pa3pyIICHUS.
Fig. 6. An example of a shear zone structural diagram in the third stage of complete destruction.

2. Pesynbmamesi

Pe3ynpTaThl peacTaBiIeHbl TpeMs TpyIIamMu
rpadMUecKuX MaTepUalIOB.

[lepBass rpynma JEeMOHCTPHPYET BIUSHHE
PEOIOrHYeCKUX CBOMCTB MOJIesIel Ha 0COOEHHO-
CTU BHYTPEHHEH pa3pbIBHON CTPYKTYphI POpMHU-
PYIOILKXCS B HUX CABUTOBBIX 30H (puc. 7-9). Ha
pPHUCYHKaX MpHBeIeHBI (HoTOrpaguu CIBUTOBBIX
30H B MOJIEJISIX U3 MOHTMOPHJUIOHUTOBOM TJIMHBI
(puc. 7), cMecu MOHTMOPUJIJIOHUTOBOM TJIMHBI C
neckoM (puc. 8) u BiIaxkHoro necka (puc. 9) B
pasHble craguun ux pasButus (A, b, B) u

68 MHH.

82 MuH.

COCTaBJICHHBIC 10 HUM CTPYKTYPHBIC CXeMbI (A,
b’, B’).

Bropas rpynna, npeactaBieHHas Ha pUCYH-
kax 10, 11 u 12 oTpakaeT BIUsSHUE CKOPOCTH Je-
dbopmMHpoBaHUs MOJieNIel Ha BHYTPEHHIOKO pa3-
PBIBHYIO CTPYKTYPY (OPMUPYIOIIUXCS B HHUX
CIBUTOBBIX 30H.

Tpetbst rpynmna, npeiacraBieHa cepuel rpa-
(UKOB, MOKA3bIBAIOLINX BIMSHUE TOJIIUHBI MO-
Jleliel pa3HOM PEOJIOTMM Ha LIMPHUHY 30H Mipy
(puc. 13), M, (puc. 14), a Takxe Ha BpeMEHHbIE
napametpsl T1 (puc. 15), T2 (puc. 16), T3 (puc.
17) u T4 (puc. 18).(A)

8)

Puc. 7. ®oro CI[BHFOBOﬁ 30HbI B MOACIN M3 MOHTMOpHHHOHI/ITOBOﬁ TJIMHBI B PAaHHIOO JU3BIOHKTHUBHYIO
ctaguio (A), MO3IHIO TU3BIOHKTUBHYIO cTaauto (B) u craguio monnoro paspymenus (B) u e€ coctaBnenHsie
0 HUM CTPYKTypHBIE cxemsbl (A, b', B") cooTBeTcTBEHHO.

Fig. 7. Photo of the shear zone in the model from montmorillonite clay to the early disjunctive stage (A), the
late disjunctive stage (B) and the stage of complete destruction (B) and its structural schemes compiled from

them (A', B', B"), respectively.
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Scm

Puc. 8. ®oT0 CIBHrOBOM 30HBI B MOJENH M3 CMECH MOHTMOPWJUIOHHTOBOW TJIMHBI U IECKA B: PAHHIOIO
TU3BIOHKTUBHYIO CTaanIo (A), MO3HIO0 TU3BIOHKTHBHYIO cTaauio (b) u cTamuto momHoTO paspymenus (B) u
e€ cocTaBiIeHHBIE 10 HUM CTpyKTypHBIE cxeMbl (A', B', B') cooTBeTcTBEeHHO

Fig. 8. Photo of the shear zone in the model from a mixture of montmorillonite clay and sand in: early
disjunctive stage (A), late disjunctive stage (b) and stage of complete destruction (B) and its structural schemes
compiled from them (A', B', B'), respectively

(~)

19 xam | |
F= \\ %\\
| o I

| a1 a5cm

(6)

Scm

Puc. 9. ®oTo caBUroBOi 30HBI B MOJENIN M3 BJIQKHOTO MECKA B: PAaHHIOI IU3BIOHKTHBHYIO cTaimio (A),
MO3IHIOK IU3bIOHKTUBHYIO cTaguio (b) u craguro momnoro paspymenus (B) u e€ cocraBieHHblE IO HUM
cTpykTypHble cxeMsl (A', B', B') cooTBeTcTBEHHO

Rice. 9. Photo of the shear zone in the wet sand model into: early disjunctive stage (A), late disjunctive stage
(B) and stage of complete destruction (B) and its structural schemes compiled from them (A', B, B,
respectively

13
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Puc. 10. ®oT0 cBUTrOBOI 30HBI B MOJEJIN U3 BIAXHOI'O IIECKA B: PAaHHIOI AW3BIOHKTHBHYIO cTaauio (A),
MO3IHIOK JU3bIOHKTUBHYIO cTaguio (b) u cramuro momHoro paspymenus (B) u e€ cocraBieHHBIE IO HUM
crpyktypHsie cxembl (A', B, B') cootBercTtBenHO0. CKOpOCTH NeopmupoBanus mogean 10° m/c.

Fig. 10. Photo of the shear zone in the wet sand model in: early disjunctive stage (A), late disjunctive stage (B)
and complete destruction stage (B) and its structural schemes compiled from them (A, B', B"), respectively.
The deformation rate of the model is 10° m/s.

Puc. 11. ®oT0 cIBUTOBOI 30HBI B MOJIEJIM U3 BIAYKHOTO MECKA B: PAHHIOI TU3IBIOHKTUBHYIO CTaguio (A),
MO3AHIOI AM3BIOHKTUBHYIO ctaguio (b) u craauio momHoro paspymenus (B) u e€ cocraBieHHbIE IO HUM
crpykrypHble cxeMsl (A, B', B') cootBerctBenno. CkopocTh nedopmuposanus moaeau 10 m/c.

Fig. 11. Photo of the shear zone in the wet sand model to: early disjunctive stage (A), late disjunctive stage
(B) and complete destruction stage (B) and its structural schemes compiled from them (A', B', B"), respectively.
The deformation rate of the model is 10 m/s.

14
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Puc. 12. ®oT0 cBUTOBOI 30HBI B MOJEJIN U3 BJIAXKHOTO IECKA B: PAHHIOI TU3BIOHKTUBHYIO CTaguio (A),
MO3IHIOK JIU3bIOHKTUBHYIO cTaguio (b) u cramuro momHoro paspymenus (B) u e€ cocraBieHHBIE IO HUM
crpyktypHsie cxembl (A', B, B') cootBercTBenH0. CKOpOCTH NeopmupoBanus mogean 107 m/c.

Fig. 12. Photo of the shear zone in the wet sand model in: the early disjunctive stage (A), the late disjunctive
stage (b) and the stage of complete destruction (B) and its structural schemes compiled from them (A, B', B,
respectively. The deformation rate of the model is 10 m/s.

[IpuBenennpie HIKE TpadUKUd TEMOHCTPH-
PYIOT BIMSHUE TOJNLIMHBI Mojenu H u ckopocTtu
neopmupoBanus V Ha MUPHUHY 30HBI TUTACTH-
yeckux nedopmanuit M (puc. 14) u mmpuny
30HBI JIATEPAIbHOTO PACHPOCTPAHEHUS Pa3phl-
BOB B cJIBUTOBO# 30He Ma (puc. 15), hbopmupy-
IOUIecss B MOJENAX C PAa3HBIMH PEOJOrHye-
CKUMH CBOWCTBaMH. BuaHO, 4TO B 1I€/IOM, C
YBEIIMYCHUEM TOJIIIMHBI MOJICIH TapaMeTphI
M u Ma Bo3zpacrarot. [Ipu 3T0M, npu npodnx
PaBHBIX yCIOBUSAX, MAKCUMAITbHBIC HX 3HAUCHHS

12

XapaKTEePHBI I MOJIEJICH U3 MOHTMOPHIUIOHH-
TOBOM TJIMHBI, @ MUHUMAIIbHBIE ISl MOJIETICH U3
mecka.

Brnusinue ckopoctu V gedopMupoBaHus Mo-
neneil Ha Ma He ABJIIeTCS OQHO3HAYHBIM. Tak, C
e€ yBeMYEHHEM IIMPHHA CIBUTOBBIX 30H B MO-
JIEJISIX W3 MOHTMOPUJUIOHUTOBOM TJIMHBI M U3 €€
CMECH C MECKOM CKOPOCTh MOSIBICHUS CIBHUIO-
BOH 30HBI B IIEJIOM YMEHBIIIACTCSA, TOTJA KaK B
MOJIEJISIX U3 TIeCKa MOYTH He MeHsieTcst (puc. 16).

M, cm 1
11 op.
% 105
10 / 10
9 -9
8 L —— T
et 7,5
. .
6 / 6,7
. 52
/ >8
5 4
5 57
4
47
3
2
1
0 H, cm
1 2 3 4 5

Puc. 13. I'paduku 3aBUCMMOCTH IIUPUHBI 30HBI INIACTHYECKUX Aedopmarii MIuT OT TOJNIKMHBI MOAETCH C

Ppa3HbIMU PCOJIOTUICCKUMU CBOICTBaMH

Fig. 13. Graphs of the dependence of the width of the zone of plastic deformations of the MPL on the thickness

of models with different rheological properties
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Puc. 14. I'paduku 3aBUCIMOCTH IIMPUHBI 30HBI JIATEPATLHOTO PACIPOCTPaHEHUsI pa3pbIBOB B CABUTOBOM 30HE
Ma, popmupyromeics B MOACISAX ¢ Pa3HBIMHU PEOJIOTUIECKIMHU CBOMCTBAMU

Fig. 14. Graphs of the dependence of the width of the lateral propagation zone of ruptures in the Shear zone
Ma, formed in models with different rheological properties
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Puc. 15. I'paduky 3aBHCHMOCTH BPEMEHU IIOSBICHHS MEPBHIX Pa3phIBOB B CABHUTOBOW 30HE OT TOJIIUHBI
Moz[eneﬁ C pa3sHbIMHU PECOJIOTUICCKUMHU CBOMCTBaMU

Fig. 15. Graphs of the dependence of the time of appearance of the first gaps in the shear zone on the thickness
of models with different rheological properties

70 T, MUH
60
50
40
30 30

20

10

Tcm 2cm 3cm 4cm 5cm

Puc. 16. I'paduxu 3aBUCHMOCTH BPEMEHH pean3alry paHHeH JTU3bIOHKTUBHON CTaluH B CABUTOBOW 30HE OT
TOJIIHNHBI MOI[eJ'IeI‘/JI C pa3sHbIMU PCOJIOTHUIYCCKUMHU CBOMCTBaMH

Fig. 16. Graphs of the dependence of the implementation time of the early disjunctive stage in the shear zone
on the thickness of models with different rheological properties
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Puc. 17. I'paduku 3aBUCIMOCTH BpEeMEHH Pean3alliy MO3AHEH JU3bIOHKTUBHON CTaauH B CABUTOBOW 30HE
OT TOJILIMHBI MOJIEJIEN C pa3HBIMHU PEOJOTHUYECKUMH CBOMCTBAMU

Fig. 17. Graphs of the dependence of the implementation time of the late disjunctive stage in the shear zone
on the thickness of models with different rheological properties
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Puc. 18. I'padmkn 3aBUCHMOCTH BpEMEHU pealIM3allii CTAUH TOJHOTO pa3pylIeHUs B CIBUTOBOW 30HE OT
TOJIIUHBI MOZ[CJIeﬁ C pasHbIMHU PCOJIOTHUICCKUMHU CBOMCTBaMH

Fig. 18. Graphs of the dependence of the implementation time of the stage of complete destruction in the shear
zone on the thickness of models with different rheological properties

Bbi180o0bI

B nenom, npuBeneHHbIE pe3yJIbTaThl MOJEIN-
pOBaHMsI IOKA3BIBAIOT, YTO:

1. Peonmoruueckue cBOWCTBa aedpopMupye-
MOTO CJIOsl ONpeAessieT 0COOCHHOCTH BHYTPEH-
Hel pa3pbhIBHON CTPYKTYpHI, (popMUpYIOIIeiics B
HEM CJIBUTOBOW 30HBI.

2. TonmuHa nehOpMHUPYEMOTO CII0SI OTIpee-
JIsieT MIMPUHY 30HBI CBUTA, BpeMsI Hayasa B Her

17

pa3psIBOOOpa30BaHUS H JJIUTEIHBHOCTh pean3a-
UM CTaAUM €€ pa3BUTHA.

C TOYKH 3peHHS TOJTYYCHHBIX PE3yIbTaTOB B
MHOTOCIIOTHOM OCaJIOYHOM YeXJIe C OTIUYal0-
IIUMHICST PEOJIOTHUYSCKHUMH CBOMCTBAMH CIIOCB U
WX TOJIIWHOM, CIIBUTOBAs 30Ha (M IPYTHE THUIIBI
30H) OyJIEeT UMETh CYIIECTBEHHO MEHSIOIUECS
M0 BEPTUKAIBHOMY pa3pe3y MIUPHUHY U CTEIeHb
HAPYIICHHOCTH IIPH TIePEX0Ie U3 OJHOTO CIIOS B
npyroit (puc. 19).
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Puc. 19. BeprukanbsHoe CTpOSHHE CABUTOBOM 30HBI B TUIIOTETHYECKOM MHOTOCIJIOHHOM OCaJ0YHOM YeXJIe C
pPa3HBIMH PEOJIOTUYECKUMH CBOWCTBaMHU ciioeB. CocTaB clloeB: |— mecqYaHWKH, 2— IUIOTHBIC TJIMHBI, 3—
AJIEBPOJINTHI; 4— pa3phIBbl; S— JaTepanbHble TPAHULBI CIBUTOBOH 30HBL;, O6nactu cnadoii (6), ymepenHoi (7)

Y CHIIbHOM (8) HapyImIeHHOCTH

Fig. 19. Vertical structure of the shear zone in a hypothetical multilayer sedimentary cover with different
rheological properties of layers. Composition of layers: 1— sandstones, 2— dense clays; 3— siltstones; 4— breaks;
5- lateral boundaries of the shear zone; Areas of weak (6), moderate (7) and strong (8) disturbance

OT0 mpenmnosaraer, YTo BBIJCICHNUE Ha CE-
CMHYECKOM pa3pe3e 30HbI pa3jioMa MOCTOSIHHON
mmpuHbl (puc. 20A) He coBceM KoppekTHO. [u-
pHHA 30HBI Oy/IeT MEHATHCS 10 BEPTUKAILHOMY
pazpesy, KaK 3TO [M0Ka3aHO YEPHBbIM MYHKTHPOM
(puc. 20b).

() - cunbHo, |

() - cnabo HapylueHHble o6beMbl paspesa

) - YMEPEHHO U
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Puc. 20. OpurunaneHbli ceiicMopazpe3 (A) u
pesyibTaT  €ro KOMIbIOTepHOH o0pabotku B
nporpamme «llerpens» (b)

Fig. 20. Original seismic cut (A) and the result of its
computer processing In the program "Petrel” (B)
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