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AHHOTanusa. TpelMHOBATOCTb I'PYHTOBOIO MacCHBa OKa3bIBAaeT CYIECTBEHHOE BJIMSHME HAa HU3MeHeHHe HHXKeHepHO-
reoJIOTMYECKUX YCJOBUH M, KakK CJeACTBHE, HA YCTOMYMBOCTb COOpPYXeHUH. Pa3BUTHe TEeKTOHWYECKOH TPEeIHMHOBATOCTH
JIOKAJIBHBIX CTPYKTYP, yYUTbIBAasi HCTOPHUIO POLECCa, ero MEXaHU3M, BO3HUKIIME DY 3TOM HaNps»KeHUs B MaccHMBe M IO-
cnefyolye fehopMalyy OPOJ, IPHUBEJIO K U3MEHEHHUIO COCTaBa M IPOYHOCTHBIX XapaKTePHUCTHK, aKTUBU3ALMH IPOLLECCOB
rUIepreHesa v 3K30reHHBIX MPOIeccoB. [lepedriciieHHbIe 06CTOATENBCTBA TPEOYIOT BHUMATEJIBHOTO OTHOIIEHHS K BBISIBJIE-
HUIO 30H IOBBILIEHHOHN TPELMHOBATOCTH KaK HauboJiee OMAaCHbIX C TOYKH 3PEHUST PUCKOB NIPU CTPOUTENTBCTBE HHKEHEPHBIX
coopyxeHuH. [losieBbIe MeTO/BI OLIEHKU TPELMHOBATOCTH MAacCUBOB OPOJ, TPYAOEMKHE, U He BCErza CyLieCTByeT BO3MOX-
HOCTB /Il IPOBEeJIeHNsI HHCTPYMEHTAJIbHON ChEMKH, MO3BOJIAIOIEN pellaTh KOHEYHYI0 33Jjady — yCTaHOBJIEHHE 3aKOHO-
MepHOCTeH M pa3MepoB MOBPEX/EHHBIX IJIOIAJled B IMpejesax JOKaJbHBIX CTPYKTYp. CyllecTBylolye MaTeMaTHYECKHe
MO/IeJIM OLEHKH TPELIMHOBATOCTH, KaK IPaBUJIO, IPUMEHSAIOTCH [JIs1 pelleHHUs JIOKAIbHBIX 3a/ia4: OLleHKa YCTOWYHMBOCTHU
paspabaTblBaeMbIX KapbepoB, OlleHKa BOA0O6GU/IbHOCTH MacCUBOB NOPOJ, CTeleHb Pa3Apo06JIeHHOCTH OT/AebHbIX 6JI0KOB U
T. A. TOH MHOpPMALMU HEZOCTATOYHO NPHU OLEHKE IJIOLAZHOr0 PacnpoCTpaHeHHUsl OCJAGJEHHbIX 30H U YTOUHEHHUsT MX
rpaHuUL, [IOCKOJIbKY OHA HE COZEPXUT AAHHBIX 110 UCTOPHUU PA3BUTHsI CTPYKTYDHI, ee mapaMeTphbl (pa3Mephbl, aMIIUTYAd
noAHATUSA 6JI0Ka PyHAaMeHTa, JlepopMalMOHHbIe CBOMCTBA opoj). Lleswlo vcciejoBaHuUs SIBJIsSIETCS pa3paboTKa MaTeMa-
THUYECKOU MoJiesin GOpMUPOBAHUS 30H TEKTOHUYECKON TPELHMHOBATOCTH KPACHOLBETHOM TOJILM HA OCHOBe JedopMainu-
OHHOTO KpUTepHs pa3pyllieHUsI U MeXaHU3Ma Pa3BUTHSA JIOKAJbHBIX CTPYKTYpP. Pe3ys1bmamel. PazpaboTaHa HOBasi MaTeMa-
TH4YecKasli MoJie/ib IPOTHO3a MOBPEXJAEeHHOCTH (TPEelIMHOBAaTOCTH) TePPUreHHbIX NOPOJ, KPAaCHOLBETHOW TOJIIIH, CJarao-
LIMX JIOKaJIbHbIE CTPYKTYPhI, OCHOBaHHas Ha yuyeTe MeXaHU3Ma GOpMUPOBaHHUs JIOKAJbHbBIX TEKTOHUYECKUX CTPYKTYp 3-T0
nopsifika v lepopMaliMioHHOM KpUTEPUU paspyuieHus. [IpecTaBieHbl MaTeMaTHUYEeCKUE 3aBUCUMOCTH, I03BOJISIOLIME NTPO-
rHO3UPOBATh pa3Mephl (MJIOLAAK) TAKCOHOB IO JJAHHBIM aMILIMTY/bl IOJHATHS JIOKaJbHBIX CTPYKTYp. Pe3ysbTaThl Hcce-
JIOBaHUH MOTYT NMPUMEHSTHCS NPU OLIEHKE TPELIMHOBATOCTH MaCCHUBOB, CJI0KEHHBIX TEPPUTeHHBIMHU NOPOJAMH, U M03BO-
JIAIOT CY/IUTh 0 3aKOHOMEPHOCTSX paclpe/ieseHUst 0CabJIeHHBIX 30H B Npe/iesiax BCEro OLleHHBAeMOTo0 MacCHBa.
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Abstract. Soil massif fracturing has a significant impact on change in engineering and geological conditions and, as a result,
on stability of structures. Development of tectonic fracturing of local structures, taking into account the history of the process,
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its mechanism, resulting stresses in the massif and subsequent deformations of the rocks, led to a change in their structure,
composition and strength characteristics, activation of hypergenesis and exogenous processes. The above circumstances re-
quire careful attention to identification of areas of increased fracturing, as the most dangerous in terms of risks during the
construction of engineering structures. Field methods for assessing the fracturing of rock masses are laborious. It is not al-
ways possible to conduct instrumental surveys that allow solving the final problem - establishing patterns and sizes of dam-
aged areas within local structures. The existing mathematical models for assessing fracturing, as a rule, are used to solve local
problems: assessing the stability of developed pits, water content of rock masses, degree of fragmentation of individual
blocks, etc. This information is not sufficient when assessing the areal distribution of weakened zones and clarifying their
boundaries, since it does not take into account the history of the development of the structure, its parameters (dimensions,
amplitude of the foundation block uplift, deformation properties of rocks). Aim. To develop a mathematical model of for-
mation of the red-colored strata tectonic fracturing zones based on deformation criterion of destruction and mechanism of
development of local structures. Results. The authors have developed a new mathematical model for predicting damage
(fracturing) of terrigenous rocks of the red-colored strata that make up local structures, based on the mechanism of for-
mation of local tectonic structures of the 3rd order and the deformation criterion of destruction. The paper introduces the math-
ematical dependencies that make it possible to predict the size (area) of taxa based on the data on the uplift amplitude of local
structures. The results of the research can be used in assessing the fracturing of massifs composed of terrigenous rocks, and
make it possible to judge the regularities in distribution of weakened zones within the entire massif being assessed.

Keywords: local tectonic structures, rock deformations, fracturing, rocks, rock properties, mathematical models, fracturing
prediction
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BBeaeHnue

Ha ¢QopmupoBanne WHXEHEPHO-TEOJOTHUSCKUX
YCIIOBHI KpPacHOI[BETHOH TEppUTCHHON (opmaruu
CYIIECTBCHHOE BIIMSHHE OKAa3bIBACT TPEIIMHOBATOCTD
MOPO/I, CIIATAIOIIUX JIOKAIbHbIE TEKTOHUYECKUE CTPYK-
Typsl. B mpenenax 30H NOBBILIEHHOW TPEIIMHOBATOCTH
YMEHbIIAeTCs MPOYHOCTh U yBeIWYMBaeTcs Aeopmu-
pyemocTs MaccuBa nopof [1, 2], na ¢opmy u Bug Tpe-
IMUH CYIIECTBCHHOC BJIMAHUE OKa3bIBACT BHUJ HaIps-
JKEHHOTO cocTosiHus mopox [3, 4]. Ha stux Tepputo-
pHUSX aKTUBU3UPYIOTCS 3K30TE€HHBIE MPOIECCHI: OBPaXK-
Has 3posus, cypdosus, abpazus u ap. [5], a Takxke
BO3pacTaeT MHTEHCUBHOCTH IPOIECCOB THIIEPTeHe3a U,
KaK CIJIEZICTBHE, CYLIECTBEHHO M3MEHAETCS COCTaB M
CBOMCTBa MarepuHCcKkor moponasl [6-9]. TlosTtomy
OLIEHKA TPEIIMHOBATOCTH MAacCHBa IIOPOJ SIBISETCS
aKTyaJIbHOH 3a1aueii.

B HaCTOAIIEC BpEM aKTUBHO Pa3BUBAIOTCA METObL
MaTeMaTHYECKOTO MOJCIHPOBAHIS T€OMEXaHNIECKOTO
MOBEIEHUs] TPelMHOBaThIX mopoa. Cpeau paboT, mo-
CBAIICHHBIX BBIACJICHUIO OCJIa6HeHHbIX 30H MacCCHUBOB
TOPHBIX TOpOA, CICAYET OTMETHUTH HUCCICOOBAHHA HE-
KoTopeix aBTopoB [10, 11]. DT paboThl HampaBICHBI
Ha BBIJCJICHUE TPEUIMHOBATBHIX 30H MO pas3pe3y ajs
OLICHKH YCTOHYMBOCTH OOpPTOB KaphepOB PYIOHBIX Me-
cTropoxaeHuii. KommbroTepHas o00paboTka TaHHBIX
MIPOBO/MJIACH IJIaBHBIM 00pa3oM Ha OCHOBAaHUH U3Yy4e-
HUS KepHa, MOJIYYEHHOTO B IIpoliecce OypeHHs pasBe-
JIOYHBIX CKBaXHWH. B pabore [12] u3noxxena MeTouka,
MO3BOJISAONIAsT aBTOMATHU3UPOBATh MPOIECC MOCTPOe-
HUSI JMarpaMM TPEIIMHOBATOCTH, a TaKke Kod(pHLu-
CHTOB (DIIIBTPALINU CKAFHBIX MACCHBOB. B mocrennee
BpeMsI MaTeMaTHYeCKOe MOJIEIUPOBAHUE LIUPOKO HC-

MOJIB3yeTCs JUI OIICGHKH Xapakrepa aeopmanuii c
y4eToM HX JeOpMAIMOHHBIX OCOOCHHOCTEH, KaK s
opoJ1, o0IaJaroIuX Xpynkoil aedopmarnmeii [13], Tak
W JUIS CIIOMCTBIX TOPOJI C MJIACTUYECKON Jedopmaiiu-
et [14]. TosBrsitoTess MoJenH ISl OIIEHKH TIPOYHOCTH
MOPOJ1 Yepe3 pacueT HANPSIKEHHOT0 COCTOSHUS TOPHO-
ro maccusa [15].

PasBuBatoTcs cMemraHHBIE TOAXOIBI, OCHOBaHHEIC
Ha METOJAC KOMIUICKCHPOBaHMS MAaHHBIX CelcMopas-
BCIKU U TeKTOHO(l)I/ISI/I‘ICCKOFO MOJCIIMPpOBaHuA, MNpU
W3yYCHUH 30H TEKTOHHYECKOH TPEIIMHOBATOCTH IS
HEePTAHBIX MIacToB. IIMpOKO MpHMEHSETCs TeOJIOTH-
yeckoe 3D-mopenupoBanme [16] st BuU3yanuzanuu
TPECHINHOBATBIX 30H Ha OCHOBE OJAaHHBIX TE€OJIOTUH U
ceiicMopa3BeIKn, a TaKkKe JPyrHe KOCBEHHBIE METO-
nel [17, 18].

MaremaTnieckoe MOJCIMPOBAHNE TPEIIUHOBATO-
CTH MacCHBa rOpHBIX nopona, nposeaeHHoe .M. Penpb-
kuHbIM [19], mokazano, 4To 3TOT cHOcOoO0 OMHUCAHUS
CTETICHH Pa3ApOOJICHHOCTH OTACIBHBIX OJIOKOB MacCH-
BOB HE JacT OOIIEro MpeACTaBICHUS O paclpeaelICHuN
30H Pa3HOM CTENEHU TPEIIMHOBATOCTH B OIpEleNIeH-
HBIX TOPHO-TEOJIOTHYECKUX YCJIOBUAX. B paborax
C.B. Bnana [20] mpencTaBiieHbl pe3ysibTaThl Jabopa-
TOPHBIX JIKCIIEPHMEHTOB M BBHIMOJHEHO MaTeMaTHYe-
CKOE MOJIENIMPOBaHHUE Mpolecca HarpyXeHus: Kyoude-
CKOTO TpemuHoBaTtoro obpasmna. [IpemnoxkeHHas mo-
JIENb YIOBICTBOPUTEIBLHO paboTaeT MpH yritax HAKIIO-
Ha TpeuuH 5—60 rpaaycos.

MeTtonsl MaTeMaTH4eCKOr0 MOJACITHPOBAHUS JUIS
OILICHKH HANPsDKEHHO-IEPOPMUPOBAHHOTO COCTOSTHHUS
U TEOJMHAMHYCCKH OMACHBIX 30H MOPOIHOTO MAaccHBa
IIPY PAa3TUYHBIX YCIOBUSAX MPUPOAHOTO W TEXHOTCHHO-
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ro BO3ACHUCTBUS M3y4aluch B pabotax [21-25]. Oana-
KO HAampaBJICHHOCTb 3TUX Pa0OT HE IO3BOJIAET BbI-
SBUTh BIIMSHAE TEKTOHMYECKOH TPEUIMHOBATOCTH B
mpezesnax JOKATBHBIX CTPYKTYp Ha U3MCHEHHE HHKE-
HEPHO-TEOJIOTHUECKUX YCJIOBUU M, KakK ClIeCTBHUE, Ha
YCTOMYUBOCTB COOPYKEHUH.

[oatoMy yenvio WccIaenOBaHUS SIBISETCS paspa-
00TKa MaTeMaTH4eCKOi Moaenu (OpMHPOBaHHUS 30H
TEKTOHUYECKOW TPEIIMHOBATOCTH TEPPUTECHHBIX TTOPO/T
B MacCHBaxX KpPacHOLBETHOH TONIIH Ha OCHOBE Nedop-
MallMOHHOTO KPUTEPHS pa3pylICHHUS.

MeToauka
IToctpoenne mareMaTHUeCKOW MOAENTH (OPMHPO-

BaHUS 30H TEKTOHMYECKOW TPEIIUHOBATOCTH BKIIFOYACT

B ce0sl CIIeYIOIIUe JTAllbI:

e (dopMHUpOBaHHE TEOMETPUYECKOH U (PU3UUECKOU
MOJICIH JIOKAIBHON CTPYKTYpBI (pa3Mepbl, THI
TOPHBIX TOPOX, UX (DU3UKO-MEXaHHIECKHUE CBOH-
CTBa U MOLLIHOCTH);

e pacueT HaIpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOS-
HUS JIOKAJILHOW CTPYKTYPHI TIPH BO3ACHCTBHM (HyH-
JAMEHTHOTO OJIOKa;

e pacyeT CTENeHH MOBPEKICHHOCTH MOPOJ KpacHO-
[OBETHOHM TONIIHN MO Ne(GOpMAIHOHHOMY KPUTECPHIO
pa3pylIeHUs U TUIU3ALMS TOBPEXKIESHHBIX TOPOJT;

e oOIlpelelieHue IJIOUIad HapyLIeHWH KpacHOLBET-
HOMW TOJIIIM MO TAKCOHaM B 3aBUCHUMOCTH OT JaBiie-
HISI QyHIAMEHTA;

e TIIOCTPOCHUE PErPeCCHOHHBIX (MPOTHO3HBIX) MOJE-
nen.

[Ipn MozmenMpoOBaHUU JIOKAILHOW CTPYKTYpPBl Y4H-
THIBAIOTCA YIPYTUE U MJIaCTUYECKHEe JeQopMaluu Mo-
ponHOTO MaccuBa. MaremaTiudecKkasi TOCTaHOBKA 3a/a-
yi [26] BKIJIIOYAeT B ceb:
® ypaBHEHUS PaBHOBECUS

oj;+F =0, x, €Q, Q)
® T[paHHUYHBIE YCIIOBUS B HAINIPSDKEHUAX
oyn =p;, X, €Sy, 2
® TpaHUYHBIC YCIIOBUS B MEPEMEIIECHHUSIX
u; =uj, x; €Sy, 3)
e ypasHeHus Komu
eij=§(ui,j+uj,i), x; €Q, 4
e ypaBHEHHUs JIMHEHHOHN YIIPYroCTH

1 1
efj=efj+eeé‘l}=zsu+§p5”, xiEQ, (5)

® YpaBHCHUS INIACTHYHOCTH

p _ _p _ p
&j = € = w(eu)sij: x; €EQ, 6)
rje F; — KOMIIOHEHThI BEKTOPA 00BEMHBIX CHIL; (...) j —
JacCTHaA MpoOu3BOJHAsA IO x], ni — KOMITIOHCHTBI BECKTO-

*

pa HOpMalll K MOBEPXHOCTH Tena; p;, U; — 3adaHHBIC
KOMIIOHEHTBI BEKTOpa IOBEPXHOCTHBIX Harpy3ok U
BEKTOpA MEPEMEIIEHUH Ha TIOBEPXHOCTAX Sy, U Sy; K,
G — oOBeMHBII U cABUTOBOI MOmyh; W (el) — dynx-
s 1e(OPMAIIMOHHOTO YIIPOYHEHHS OT BTOPOTO HH-
BapuaHTa TEH30pa IUTacTHYecKux aedopmanmii; A —
00JacTh MOJICIIMPOBAHUS.

B coorHomenusx (1)—(6) mo moBTOpSIOMUMCST WH-
JICKCaM OCYIIECTBIISICTCS OIepalys CyMMHPOBaHHUS.
IIpeanonaraercs, 4TO TEH30p HONHBIX JehOpMaIUi &;;

)
AJIUTUBHO MPCACTABJICH YIIPYTHUMHU Eiej, IIAaCTHYCCKH-

MU sipj nepopmauusaMu. TeH30pbl HaNpsDKEHUR U Jie-
(bopMarmii pa3noKeHsl Ha CYMMY IIAPOBBIX Po;
U JIEBUATOPHBIX S;;, €;; YaCTEH.

B Hacrosimed pacdeTHOIl cxeMe He YUHMTBIBAIOTCS
o0beMHBIe CHITHL F;. ['paHWYHbIE YCIIOBHS TIpEACTaBiIe-
Hbl HAJIMYMEM 3aJaHHBIX MEPEMEIICHUH U; U MOBepX-
HOCTHBIX HAarpy30K p; .

PesynbraThl pemieHui, KOTOpbIE IIPENCTABICHBI
HUXKE, TOJIyYe€Hbl METOJOM KOHEUYHBIX JJIEMEHTOB B
nakere ANSYS [27] B nmpocTpaHCTBEHHOI HOCTAHOB-
ke. Mcmonp3oBansl onmuu Rate Independent, Isotropic
Hardening Plasticity, Mises Plasticity, Multilinear mst
pacyeToB IIACTUYHOCTH.

B pesynbrare pacueToB MONydeH MOJHBINA Habop
KOMITOHEHTOB TEH30pa HAINPSHKCHUH ©  JedopMariui,
KOMIIOHEHTBI BeKTOpa mnepemerieHuil. Ilockonbky oc-
HOBHOM IETIbI0 MOJICTUPOBAHUS SIBISICTCS] PACUET MOSIB-
JICHUSI U Pa3BHUTHS TPEIHOBATHIX 30H, OCTAHOBUMCS Ha
MPUMEHSIEMOM KPHUTEPUH POCTA MOBPEKAEHHOCTH.

IIpu pa3BuTHH HEYNIPYTUX MPOLECCOB B PA3IUUHBIX
TOPHBIX TIOpOJiaX HAaKaIUIMBAETCSI TPEUIMHOBATOCTD
(IOBpEXIEHHOCTH), BBIpaKaeMasi B pa3yIUIOTHEHUH
MOPOJ, YMEHBIUICHUH UX COMPOTUBISAEMOCTH MEXaHH-
YeCKUM Harpys3kaM, TOBBIICHHN (DUIBTPAIIMOHHBIX
CBOMCTB. /[N TakuWx MOpoLEcCOB MPUMEHEHHE KpHTE-
pHsl, OCHOBAaHHOTO Ha INpPEJEIbHBIX HAMPSIKEHUSIX, HE
JaeT aJeKBaTHOrO omucaHus sBieHus [24]. B stom
ciydae HEOOXOOMMO HCIOJNB30BaTh KPUTEPUH HAKOII-
JICHUS. MOBPEXIEHHOCTU, KOTOPBIC SIBIISIOTCS JIOCTa-
TOYHO CJIOKHBIMH, WM HCIIOJIB30BAaTh B KauecTBE Ma-
pameTpa MOBPEXKAECHHOCTH YPOBEHb HaKarsIuBaeMoM
Heynpyroi aedopmanuu. Takol moaxon sABiIsEeTCs ak-
TyaJbHBIM HPU PA3BUTHU BPEMECHHBIX INPOIIECCOB Je-
¢dopmarim [24]. B Hammem ciydae B SIBHOM BHIE Bpe-
MEHHOH (haKTOp HE MPHCYTCTBOBAJI, HO HArpy>KCHUE
OCYIECTBISUIOCH TIO3TAIIHO, YTO HMPUBOJMIO K HAKOII-
JICHUIO TIACTHYECKOHN e(opMaIivy.

Panee [23] Obu1 mpemnoxkeH jaedopManHOHHBIN
KpUTEpUll pa3pyLIeHUsl COMSIHBIX IOPOJ, KOTOPBII
YCHELHO NPUMEHSUICS MPU MOJEIUPOBAHUM IPOIEC-
COB pa3pyIICHUs KPOBIH U CTEHOK BBIPAOOTOK COJIS-
HBIX PyIHUKOB.

VYHpouUIeHHBIN BapHaHT Ae(POPMAIIMOHHOTO KpHTe-
pus pa3pyLIeHUs UMEET BUA:

j» €6ij
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&u < &, (k), ()

3
e &, = {(5) eije;;}*/* — uHTeHCHBHOCTS IedopMma-

v I o
umit; &,° — TpenenbHAs MHTEHCHBHOCTD AedopMartii,

3aBUCAIAs OT KO3(HIMEHTa KECTKOCTH HANPsKCH-
HOTO cocTostEus k = p/oy; p = (1/3)0;;6;; — runpo-
craTHueckoe jaBienue; o, = {30;;0;;}"/? — unren-
CHBHOCTD HAIIPSHKCHUH.

[o anHamoruu ¢ KIaCCHYECKUMH KPUTEPUSIMH pas-
PYLIEHUS] BBOAUTCS KO3((MUIMEHT 3amaca MpOYHOCTH
o Ae)opManuOHHOMY KPHUTEPHIO:

n=g, (k)/ey. (8)

Takum o6pa3om, paspaboranublii kputepuii (7), (8)
MOXKHO TNPUMEHSTh KaK KiaccCH()UKAIMOHHBIN MOKaza-
tenb (KIT) THmu3anuy KpacHOIBETHOM TOJIIH IO CTe-
MIEHH TOBPEXICHHOCTH (TPEIIHHOBATOCTH) MTOPO.

Pe3y/bTaThl U 06CYKAEHUS

Mamemamuueckas  modens — mMpewuHO8AmMocmu
cmpykmypol. B pacderax wucnonsdyem 3D-monens
nporecca noaHATHA O1okoM dyrmamenta (bP) B pe-
3yIbTaTe€ €ro BEPTHKAJIBHOTO MEPEMEIICHUs oS KO-
pennsix nopof (KII) npu pmuue B® 10 kM, mupune
5 kM.

[Ipenmonaraercst HaTUYWe CUMMETpHH Ooka (QyH-

JaMEHTa U KOPEHHBIX I10POJ OTHOCUTEIIBHO HallpaBiie-
HUM ux AnuHbl U mupuHsel. [ToaTromMy pacueTHast cxema
BKIIFOYAaeT TOJIBKO OJHY YeTBEpPTh BCEH 0OJIacTH IIO-
poaHoro maccusa (puc. 1 — Ha mpuMepe mojsi BEpTH-
KaJIbHBIX NIEPEMEICHHUIN).

B pacdeTrax mOpOIHBIA MAacCHB pa3leiUId Ha TPH

ciost (puc. 1):
e (¢yHgameHT (061acTh 1) mpeacTaBicH MOPOIaMHu;
e CJOW KOpPEHHBIX TOopoj (007acTh 2) MOITHOCTHIO

50 m;

e CIIOW KOPEHHBIX MOpoxa (0o0yacTh 3) MOIIHOCTHIO

50 m.

dusnyeckue ypaBHEHHUs TIOPOI KpoMe (pyHIaMeHT-
HOTO OJIOKa YYHTHIBAIOT YIPYTOIUIACTUYECKUE CBOM-
CTBa, TMOCIEAHWUH — TONBKO ynpyrue. Bce moposst
MPENOIAraloTCs H30TPOITHBIMHU.

CaM (yHIaMEHTHBIN OJIOK, KOTOPBIN OCYIIECTBIISIET
MOJHATHE KOPEHHBIX MMOPOJ, HE PacCMaTPUBACTCS, €T0
NEHCTBUE 3aMEHSICTCS JAaBJICHUEM Ha BHYTPEHHEH IO-
BEPXHOCTH HIIKHETO CJI0s KOPEHHBIX Topon (pwuc. 1,
0011acTh 2), KOTOPOE IMOBKIMIATIOCH MO3TANHO. [IpuHs-
TOE JIOMYIICHUE MPUBOIUT K «CBOAOBOI» (GOpMe BbI-
HISNIeKAIMX OTJIONKCHUH (MOJHATHE TOJ JCHCTBUEM
JABJICHUS TUTACTHYHBIX TOPOI), YTO M HAOIIomaercs B
UCCIIeTyeMOH CTPYKTYpE.

Takxke B MoAenu ObUIO MPETyCMOTPEHO HAUYHE
pacciioeHuss MeXay GyHIaMEHTHBIM OJIOKOM M KOPCH-
HBIMH TIOPOJIAaMH, 3aKIIOYalolieecss B OTCYTCTBHU Ha
OTIPEICIICHHOM JITMHE BJIOJb TOPU3OHTAIH CBSI3U MEXK-
Iy HEMOJBIDKHBIM (YHIAMEHTHBIM OJIOKOM U ITOTHU-
MAIOIIEHCs 9aCThI0 KOPEHHBIX MTOPOI.

Ha 0GOKOBBIX BEpTHUKAJIBHBIX TPAHHWIAX U HUKHEH
TOPHU30HTAIFHOHN I'paHMIe pacyeTHOI obmactu Gopmy-
JHPOBAIOCH YCIOBHE OTCYTCTBUS HOPMAIBHBIX K Tpa-
HUIle nepemenieHnii u,, = 0. B tabn. 1 nokasansl npu-
HSTBIC CBOWCTBA CJIOEB PACUETHOM 00JacTy.

I — o
-.05994¢6 7.82978 15.7195 23.6092 31.49%9%
3.88492 ]3%.'7745 19.6644 27.5541 35.4438
G_3D PN 3 ' -
Puc. 1. [lose sepmukanbHbix nepemeujeHutl (M) nopod kpacHoyeemtoli moawu (pacuemuasi 3D-modens), coomeemcmayio-

wee dasseHutro 610ka ggyHdamenma P=0,05 MIla
Fig. 1.
by a block of the foundation P=0,05 MPa

Field of vertical displacements (m) of the red-colored strata rocks (computational 3D model) corresponding to pressure
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Ta6auya 1. Pusuko-mexaHu1eckue cgolicmea nopod

Table 1. Physical and mechanical properties of rocks

MogpayJb ynpy- IIpoyHOCTBb Ha
HanmenoBanue ITopoapb! Mommocr, CBoiicTBa mopoJ, rocty, MIla Koappuuuent cxkatue, MIla
obstacTi M . . [lyaccona .
Area name Rocks Thickness. m Properties of rocks Elastic Poison's ratio Compressive
! module, MPa strength, MPa
DVHIAMEHT MarMaTuyeckue Vipyrie
YHAAME TopoAB! - pyT! 20000 0,20 -
Foundation - Elastic
Magmatics
AneBposuTHI,
Kopenrpie AprunnuTel
HIDKHUE IOPO/bl p_ ’ 50 5000 0,20 10
Lower bed rock Siltsones, YnpyromjiactTayeckue
Mudstones Elastic plastic
Kopenrie [Tecyanuku
BepXHUE NMOPOJbl 50 10000 0,20 20
Sandstone
Upper bed rock

[TomHasATHE OnoKa (yHIAMEHTa MOJEIHPOBAIIOCH
MOATAMHBIM PUIIOKCHAEM PAaBHOMEPHOH CIKHUMAIOIIEH
HArpy3Kd K HHOKHEH 4acTH KOPSHHBIX MOpO/, rae QyH-
JIAMEHT (B pacUeTHOH cXeMe) OTCYTCTBYET:

P1=0,02 MIla, amruutyna mogauatus A;=13 m;
P,=0,035 MI1a, ammutyma nogasatas Ay =25 M;
P3=0,05 MIla, amruntyna mogaaTus Az=35 M;
P,=0,06 MIIa, ammutyaa nogusatust A;=50 m;
Ps=0,065 MI1a, ammutyma nogasatas As=55 Mm;
Ps=0,075 MIla, amruryna nogasatus Ag=70 M.
OTMETHM, YTO aMIUTUTyIA MOJHSATHS, yKa3aHHas
BBIIIIE, OTpeierisuiach (2 HE 3ajaBallach) NPU pacdeTe
MOJICIIH JUTS 33J[aHHBIX YCIOBUH H JJABJICHUH.

Ilo pesynbraTaM pacdeTOB OIPEICICHBI BCE OIS
HanpsDKeHUH, gedopManuii 1 mepeMereHnii B reoMeT-
pUYeCKOl MOJIeNT, Ha OCHOBAHHM KOTOPBIX, C MPUME-
HEHHUEM JIe(OPMAIIMOHHOTO KpuTepus paspyueHus (7),
(8), mosryyeHBI TONSA TOBPEXKICHHOCTH PA3THIHOTO
YPOBHSL.

Tunuzayus cmenenu HAPYUWEHHOCMU JIOKAIbHOU
cmpykmypol. TIpuHsTa Crenyomas MOIeb THITH3AIMN
MOBPEIKACHHBIX 30H, MOIYYCHHBIX PACYCTHBIM ITyTEM.

Oo6nacth ¢ mokasatenieM 0<Kp<l cuuTaercs paspy-
HIEHHOH ((parMeHTUPOBaHHON), 00JacTh ¢ MOKa3aTe-
neM 1<Kp<2 — CWJIBHO MOBpEeXIEeHHOU, 2<K<3 — mo-
BpeXIeHHOH, 3<Kp<4 — cmabo MoBpeXIeHHOH, 00-
nacth ¢ K4 cnabo oTiinyaeTcsi OT MCXOHOHN MOPOIBI
(tabn. 2). B Tabn. 2 mokasatens LT xapakTepusyeT
o0mIyI0 TPOTSHKEHHOCTh TEKTOHWYECKUX TPEUINH B
mpefenax MacCHBa Ha ONpPEACICHHYIO —IUTOMIanb
(10000 m).

Tunuzanusa nopoa KpaCHOLUBETHOW TOJIIM IO CTe-
MEHN TPEMHMHOBATOCTH Topox Km mpu ammmutyne
noauatusa 13, 35 u 70 M npuBenena Ha puc. 2. Cre-
IyeT OTMETHTh, YTO Ha PHUC. 2 TPUBEACH (parMeHT,
KOTOPBIA COCTABIIIET YETBEPTh BCEH CTPYKTYPHI. DTO
00yCIIOBIIEHO TEM, YTO HApYIIEHHOCTh MOPOJ CHUM-
METPUYHA.

W3 pUCyHKOB BHUAHO, YTO Ha HCCIEAYEMOH TEeppH-
TOPHH BBIAEISETCS ISITh TAKCOHOB JIOKABHOH CTPYK-
TYphI, XapaKTEPHU3YIOUIMXCS ONPEIEICHHBIM HabOpOM
cBoOcTB mopoj. O0JIaCTh Ceporo IBeTa — 3TO 00JIACTh
C OTCYTCTBHEM KaKHUX-THOO TIOBPEKICHHH, BRI3BAHHBIX
MOHATHEM 0JIoKa PyHAaMEeHTa.

Ta6auya 2. Modesns munuzayuu nopod KpacHoy8emHol moawu

Table 2. Model of typification of the red-colored strata rocks
[ToneBoi KpuTepUi
HanmeHoBaHue CocTosiHHE IOPOJHOTO CTeneHb NOBPEXJEHHOCTHU MogenbHBIN KpUTEpPHU paiio- paiioHupoBanus, LT,
TaKCOHA MaccuBa (TpemurHOBaTOCTH) HUpoBaHud, Kn M/10000 m2
Taxon name Rock mass state Degree of damage (fractures) Model criterion for zoning, Kp Field criterion for
zoning, LT, m/10000 m?
O4eHb HEYCTONYUBOE Paspymuennas
I Ver l}xlnstable (dparmenTHpOBaHHas) 0<Kn<1 LT>25000
y Destroyed (fragmented)
HeycrtoiiunBoe Cu/IbHO TpelMHOBaTas
Il Unstable Heavily fractured 1<Kn<2 15000<L1<25000
MasnoycToiiyuBoe TpewuHoBaTas
Ill Weakly stable Fractured 2<Kn<3 5000<L<15000
v YcroiunBoe Cna6o TpeuHOBaTas 3<Kn<d
Stable Weakly fractured LT<5000
v OueHb yCTOHYUBOE He TpemuHoBaTas Ko
Very stable Not fractured "
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G 3D PN 3

Amnaumyoa noousmus Ag=170 m

~

G_3D_PN_3

Amnaumyoa noouamus A3=35 m

~

G_3D_PN_3

Amnaumyoa noonwsmus Ay=13 m
Tunuzayuss nopod KpacHoysemuoli moawu (no
OnaauxuHckoll cmpykmype) no kpumepuro Kn npu
amnaumydax noonsamus: Ae=70 m, A3=35m u A1=13 m.
TakcoHbl: 1 - memHo-cuHull ysem, 2 — 2041y60t, 3 -
3esenbll], 4 - ocenmvlll, 5 - Kpachwill. Pazmepbl
Modeaupyemozo 06sekma no ocsim X, Y - 15 km
Typification of the red-colored strata rocks
(Opalikhinsky structure) according to the Kp criteri-
on at uplift amplitudes: As3=70m, A2=35m and
Ai1=13m. Taxon: 1 - dark blue, 2 - light blue, 3 -
green, 4 - yellow, 5 - red. Dimensions of the modeled
object along the X, Y axes - 15 km

Puc. 2.

Fig. 2.

Taxcon 1 mpezacTaBieH pa3pylieHHbIME (pparMeHTH-
POBaHHBIMH) TIECYAHUKAMH, aJIEBPOJMTOBBIMU U apTHJIH-
TOBBIMH IIOPOJAMH C TIPOYHOCTBIO HA  CXKaTHe
Rc=0,1-2,0 MI1a, nopuctocthio N=35 % u BhIIIe, CTEIIe-
HbI0 BhIBeTpenioctd Ke=0,30. ®unbTparis Bog Ha TOH
TEPPUTOPUH OYCHBb BBICOKAs, KO3(DMUIMEHTH (HUIBTpa-
mun Kp=20 m/cyT u Gonee. TakcoH 2 — mecTpoIBeTHAs
TONIIA CHIBHO pa3pylleHa, IIPOYHOCTh HAa C)KaTUE He-
CKOJIBKO BBIIIIE, YeM B TaKCOHE 1, 1 M3MEHSETCS B JTHaIia-
3oHe Rc=2,0-4,0 MIla, yMeHbIIaeTCs IYCTOTHOCTH
n=25 %, BeBeTpenocts KB=0,20 u ko3¢ dunueHt punb-
tpan  Kp=2—7 m/cyt. TakcoH 3 — TOpHBIE IOPOJBI
TPEIIMHOBATBIE, JTOCTaTOYHO TpouHble Rc=4,0-8,0 MIla,
MOPUCTOCTh M3MeHsieTcs N=15-25 %, BhIBeTpENnocTsh
Kg=0,1-0,2, K$p=0,8-2 m/cyT. TakcoH 4 — moposI mecT-
pOIBETHOM TOMIM cmabo TPEIIMHOBATHIE, IIPOYHEIC
Rc=8,0-15,0 MIla, mopuctocts u3Mensiercs N=5-10 %,
BeBeTpenocts KB=0,1, K$p=0,2-1,0 m/cyr. Takcon 5—
TICCYaHUKH, aJICBPOJIUTHL U apTIJUIATHL HE TPEIMHOBATHIC,
npounsie Re=15,0-20,0 MITa, nmopucrocts N<5 %, He BHI-
BeTpenble, koa(duuuents! ¢punsrpanu Kp<0,2 m/cyT.

Oyenka OocmosepHoCmU MPeWUHO8AMOCMU No-
POO, NONYYEHHAs] MEMOOOM MAMEMAMULECKO20 MOoOe-
JUPOBAHUS. U NO OAHHBLIM HONEBbIX UCCIEO08AHUI.
B panee npoBenenHbIx uccnenoBanusx OnaanxuHCKON
CTpYKTYpHI [28], nMeromield pa3Mepsl: UIMHA — 6 KM,
mupuHa — 2,6 kM, aMIuutyaa nogaaatus — 70 m, npu-
BEJICHBI TIOJICBBIC JIAHHBIC CHEMKH TPEUIIMHOBATOCTH
mopoz. B xauecTBe KpUTEpHs CTENCHN HAPYIICHHOCTH
nopon BbIOpaH KpuTepuil LT, nnuHa TpemuH Ha
10000 . Tlo kputepuio LT cocraBnena kapra Hapy-
mIeHHOCTH (pallOHMPOBaHUS) TOPOJA KPACHOIIBETHON
tonuM. Beimenstoresa yerbipe TakcoHa. Corocrtanie-
HUE TAaKCOHOB, MOJYYEHHBIX Pa3HbIMH METOJAMH, T10-
Kasajo, 4TO NPH IIOJIEBOM METO/E YCTBEPTHIH TaKCOH
o0benuHsAeT 4 W 5 TaKCOHBI, MOJNyYEHHBIE METOA0M
MaTeMaTU4YecKoro MojenupoBaHus. lIpu oueHke mgo-
CTOBEPHOCTH JOITyCKaeM, 4YTo Hambojee HaaeKHBIM
SIBIISICTCS TIOJICBOM METO]I OTIpeNeNIeHHsT HaAPYIIIEHHOCTH
MaccuBa nopoa. ConocraBieHue KapT pailOHUPOBAHUS
noBpexieHHOCTH OMNaJuXUHCKOW CTPYKTYpBI, TMOJY-
YEHHBIX Pa3IMYHBIMA METOIAaMH, MOKa3auo, 4To TUIO-
1ajb TakCoHa 1, ompezaeneHHas MaTeMaTHUYeCKUM MO-
nenupoBanueM, Ha 12 % Oouible, 4eM IJIOMIA/b, MO-
Jy4eHHAs TIOJICBBIM METOJIOM, a TakcoHa 2 — Ha 14 %.
[Tnomanu TakcoHOB 3—5 pa3HOHANpPaBIEHHO HU3MEHS-
torcs Ha 18-26 %. [IpocTpaHCTBEHHOE pacloNoKeHne
30H TMOBBIIICHHOW TPEIIWHOBATOCTH, MOIYYSHHBIX pa3-
HBIMH METO/IaMH, COTJIACYIOTCS MEXy COOOH.

Bausnue amnaumyovl noOHAMuUs CMpPYKMypbl Hd
U3MeHeHue niowaou maxconos. VIcmonp3ysl NaHHEBIC
pHcC. 2, TOACYATAHEI IUIOMIAIH, 3aHUMAaeMbIe TaKCOHA-
MH B IIpefiesiaX UCCICIYyEeMOro MOAHATHS. Pe3ynbraTe
pacueToB MpHUBEICHBI B Ta0JI. 3.

Hcnone3yst naHHbele TaOsl. 3, MOCTPOCHBI TpauKu
3aBUCHMOCTH IUIOIIAAN TaKCOHOB OT aMIUIUTY.BI ITOJ-
HATHUS JOKAIIBHOU CTPYKTYpHI (pHc. 3).
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Ta6auya 3. I[l1owadu makcoHos

Table 3. Taxon areas

AMnintyga nogHATUSA, A, M JlaBnenue, P, MIla Hﬂoﬁiﬂﬁl 2?§;§H50i$;KM2
Uplift amplitude, A, m Pressure, P, MPa I 1 I v v Beero) Total
13 0,02 0,98 2,94 4,12 5,29 6,27 19,6
25 0,035 2,01 4 4,8 4 4 19,6
35 0,05 2,94 5,88 5,49 2,94 2,35 19,6
50 0,06 4 6 5 2 2 19,6
55 0,065 5,8 6,2 4 1,5 1 19,6
70 0,075 8,04 6,27 3,33 1,18 0,78 19,6
10 4 TaKcoH 1 7 7 TaKcoH 2
~ o~ *
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 Fig. 3. Influence of the uplift amplitude of local structures
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W3 puc. 3 BUIHO, YTO TIIOMIAH TIEPBOTO H BTOPOTO
TAKCOHOB YBEIUYMBAIOTCS C BO3PACTaHHUEM aMILTUTY-
JIbI TIOJHATHS CTPYKTYphl. Tak, MpH TOBBIIICHUN aM-
mTyabl ¢ A1=13 M 1o Ae=70 M TUIOIIAAb TEPBOTO
TaKCOHA yBenuuuBaercs Ha S;=7,06 KMZ, nim 36 %, a
BTOpOro Ha S,=3,33 KMZ, wta 17 %. Jna mmomaneit
YETBEPTOrO M MSTOr0 TAKCOHOB BBISABJICHA MPOTHBOIIO-
JIO’)KEHHAsI 3aKOHOMEPHOCTh — C YBEJUYEHUEM aMILIH-
TyIbl TOMHSATHS IUIONIAJh TAaKCOHOB 3aKOHOMEPHO
yMeHbInaercs. Tak, Uisi Y4eTBEPTOro TaAKCOHA OHA CHH-
)aercs Ha Sp=4,11 KMZ, nwin 21 %, a ajag IAToro Tak-
cona Ha S5=5,49 KM2, i 28 %. Ilmomanb TpeTbero
TaKCOHA YBEIMUYUBACTCS MPH BO3PACTAHUH aMILIUTYIbI
MoAHATUS 10 A=35M M yMEHbILIAEeTCA NpPU yBeInYe-
Hun A=70 M.

Ha ocHOBaHMM BBISABIEHHBIX 3aKOHOMEPHOCTEH,
HCTIOJIBb3Ys PETPECCHOHHBIA aHAN3, JUI KaXIO0Tr0 Tak-
COHa TONYYEeHBI CIEYIOIIMe MaTeMaTHYECKUe 3aBH-
CHMOCTH:

Takcon 4 S,=-0,0739 A4+5,8746
Taxkcon 5 S5=-0,0932 A5+6,5873
3ak/oueHue

[IpoBenen aHanu3 HaTypHBIX M3MEPEHUM M onuca-
HHE JIOKaJIBbHOM CTPYKTYpbl KOPEHHBIX MOPOJ KPacHO-
I[BETHOH TOJIIIM NPH MOJHATHH (HYHIAMEHTHOTO OJI0Ka.

Paspaborana MmaremaTHdeckas MOJENb IIPOTHO3a
MOBPEXICHHOCTH  (TPEIIMHOBATOCTH) TEPPUTCHHBIX
MOPOJ KPACHOLIBETHOM TOJIIIM, CIATAIOIINX JOKAIbHbIE
CTPYKTYpHI, OCHOBaHHAsl Ha Je(pOPMAI[HIOHHOM KpHUTE-
pHUH pa3pylIeHUs.

IIpencraBneHsl MaTeMaTHYECKUE 3aBUCHMOCTH,
MO3BOJIAIONINE TPOTHO3UPOBATH pa3Mepsl (ILIOIAAN)
TaKCOHOB IIO0 JAaHHBIM aMIUIUTYZAbl MOAHATUA JIOKAJIb-
HBIX CTPYKTyp. Pe3synbTaTtel unccienoBaHuii MoryT
IIPUMEHATBCS NIPU OLICHKE TPELUHOBATOCTU MACCUBOB
IIOPOJI, CJIIOKEHHBIX TEPPUIEHHBIMH IIOPOAAMH, & TaK-
K€ CIIy)KHUTh OCHOBOH IJIsI KPYNHOMACIITaOHOTO HH-

Takcon 1 S5,=0,1209 A;-1,036 JKEHEPHO-TEOJIOTHUYECKOTO pallOHUPOBAHHUS B Mpeienax
Takcon 2 S,=0,0589 A,+2,7629 JIOKQJIbHBIX TEKTOHUYECKUX CTPYKTYP.
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