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MUKPOBJIOKOBOE CTPOEHUE 'EOJIOT'MYECKON
CPEJbI KAK ®AKTOP T'EOJIOTUYECKHUX PUCKOB
YPBAHU3UPOBAHHBIX TEPPUTOPUU

[eonoruyeckue pUCKH SBISIOTCS CHEHU(DUUSCKUMH PUCKAMH MPH CTPOUTEIBCTBE
M JKCIUTyaTalluy 3JaHUd M COOPY)KEHHH, OKa3bIBAIOLINE 3HAYNUTEIHLHOC BIMSHUE
Ha MPUHATHE PEIICHUH 0 CTPOUTENBCTBY, PEKOHCTPYKLMH, pa3paboTKe CXeM 3a-
IIUTBI, 0OOCHOBAHMIO MHBECTHLHI. B cTarbe Ha OCHOBE MPUMEHEHHSI HHKEHEPHO-
TeOIMHAMUYECKOr0 aHalli3a, BKIFOYAIOIIET0 HCTOPUKO-TEOIOTHYEeCKHEe, CTPYKTYp-
HO-TEeKTOHHYECKHE, TeOMOP(OIOTHUECKHE, THAPOTCONOTHISCKHE XapaKTePHCTUKH
T€OJIOTHIECKON CPEIbI TEPPUTOPUHN MHPEKITHOHHOM OONMBHUIIBI T. OZIeCChl M HHCTPY-
MEHTaJIBHBIX U3MEpEHHUil 1eopMalrii ¥ epeMeIeHi KOHCTPYKTHBHBIX JJIEMEH-
TOB TEXHOJIOTHYECKOr0 TYHHEJIS, HAKOIUICHHBIX 3a 40-JIeTHUI Nepuoj dKCIUTyaTa-
IIMH{, BBIICJICHBI YYACTKH MOTEHIMAIBHOTO TeoJIoTHYecKkoro pucka. [Tokazano, uto
HEepPapXUIEeCKU-OIOKOBOE CTPOCHHE TEPPUTOPUH, UL KOTOPOIl XapaKTepeH Herpe-
PBIBHBIN U MU PEepeHIIMPOBAHHBII XapaKTep MepeMeIIeHUs Te00I0KOB Pa3HOro I10-
psiaKa, B TOM YMCIIEe M COM3MEPUMBIX C TMHEHHBIMHU pa3MepaMHy 31aHHI U cOOpyKe-
HHH, SBIISETCS OHUM M3 KJIIOYEBHIX (PaKTOPOB TCOJIOTMYECKHX PUCKOB.

KaroueBble c10Ba: MUKPOOJIOKOBAsI CTPYKTypa I'€OJIOTHIECKON CPEJIbl, HHKEHEp-
Hasl FeOJIMHAMMUKA, T€0JOTNIECKUIT PHCK.

BBEJEHME

leonoruueckas cpeia ropojI0B Kak JUHAMHUYECKAs MIOJICHCTEMA BKIIIOYACT B ceOsl
MHOXXECTBO B3aMMOCBSI3AHHBIX JJICMEHTOB, TAaKMX KaK IIOYBBI, TOPHBIC TIOPOIBI,
TTOI3€MHBIE BOBI U Ip. B MX B3aMMOIEHCTBIY TIPOSBISAETCS ITUPOKHIH CIICKTP UHKE-
HEPHO-TEOJOTHUECKHUX (MHKEHEPHO-TEOAMHAMUYECKUX ) TIPOIIECCOB, OKA3BIBAIOIINX
ONpEEISIONIee BIUSHUE HA MPUHATUE PEILICHUN MO CTPOUTENBCTBY, PEKOHCTPYK-
11y, pa3paboTKe CXeM 3allUThl, 000CHOBAHUIO HHBECTUIIUH H T. JI.
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B 31X ycnoBHSAX OIHOW W3 INMaBHBIX 3ajlad TEPPUTOPHAIBLHOTO Pa3BUTHA TO-
pofa CTaHOBHUTCS OILIEHKA T'€OJIOTUYECKOTO PHCKa, HalpaBlIeHHAs Ha obecriedeHne
0e301acHOCTH MPOEKTUPYEMBIX M SKCIUTyaTHPYEMBbIX 37aHUM U coopyxeHuil. [lox
TeOJOrMYECKUMU PUCKaMU MBI Beaen 3a [12, 23, 27, 30 u ap.] moHuMaeM BeposT-
HOCTh aKTUBW3AIlMU W TIPOSIBICHUS TIPUPOIHBIX FITH TEXHOT€HHBIX T€OJOTHYECKUX
MIPOLIECCOB Ha OMNpPENEICHHON TePPUTOPUH MM BEPOSTHOCTHASL Mepa reojoruyec-
KOW OMacTHOCTH, YCTAHOBJICHHAS JIJIsl OTIPENIETIEHHOTO 00BEKTa B BU/I€ BOZMOYKHBIX
MOTEPh 32 ONPEACTICHHOE BPEMSL.

IIpouecc oLeHKH reoIornYeckoro pucka npu NpOeKTUPOBAHUU U KCILTyaTalluH
3MaHUM U COOPYXEHHH — 3TO MacIITabHOE M KOMITJIEKCHOE HCCIe/IoBaHHe, IVIaB-
Hasl 3a/1aqa KOTOPOTO ONPEAETUTh OCHOBHBIE (DaKTOPHI, IPUBOIAIINE K aBapUITHON
CUTyallUM C TeoJOrMYecKOd TOUKM 3pEHMsI, a TAKKE€ BBIIBUTH BEPOATHOCTH TOTO,
4TO 3TH (AKTOPhl AKTHMBU3UPYIOTCS TIOJ BIUSHHEM KaKUX-THOO TPUPOHBIX HIIH
TEXHOTEHHBIX COOBITHIA.

PesynbraTsl uccnenoBanuit nmocaenHux aecaruietuit [1, 2, 3, 5, 7-9, 11, 13, 16-
18, 20, 25-26, 28, 29 u np.] MOKa3bIBAIOT, YTO CYIIECTBEHHYIO POJb B Ae(POpMaIu-
X 3[AHUH W COOpYXKeHHIA, (POPMHUPOBAHUHN U AMHAMUKE OTOI3HEBBIX MPOIIECCOB,
0COOCHHOCTSIX pEeKUMa TOA3EMHBIX BOJ| UTPAaeT HEOAHOPOJHOCTH I'€OJIOrHYECKOH
Cpenpl, BRIpaKEHHAs B €€ MepapXu4ecKr-OI0OKOBOM, B TOM YHCIIE€ MUKPOOIOKOBOI
crpykrype. [locnennsisi, mpemonpeneisier BRICOKYIO YYBCTBUTEIEHOCTh OJIOKOB K
HapyUICHUIO X PaBHOBECHS 3a CUET JII0OOTo, Jake caMoro, Ka3ajuoch Obl, He3Ha-
YUTETHHOTO BIUSHUS BHEITHUX (PAKTOPOB — TEXHOTCHHBIX [ 16 1 1p.], KOCMHYECKUX
[4,6,7,11,19-21, 24 u gp.] u Ap. A 3TO MOXKET NPUBOAUTH K N30MpaTEIILHOMY Pa3-
PYLLEHUIO 31aHUH, COOPYKEHUI 1 KOMMYHHUKALUA.

[maBHBIMH ~ dIIeMEHTaMH  HepapXHYeCKH-OJOKOBOW  CTPYKTYPHI  SIBISIFOTCS
MEKOJIOKOBBIE 30HBI — 30HBI HAMOOJIBIIECT0 WHXEHEPHO-TCOANHAMUYIECKOTO PUCKA.
VIMeHHO ¢ TaKUMH 30HAMH MOTYT OBITh CBsI3aHbI AedopMmanuu 30aHUH U COOpY-
JKeHHH. BakHO MOMYepKHYTh, UTO CUCTEMa T€O00JIOKOB M 30H IOBBIIIEHHON IPO-
HUIIAEMOCTH HE SIBJISIETCA MHEPTHOM. M3BECTEH psiji JOCTOBEPHBIX NMPU3HAKOB CO-
BPEMEHHOI MOJBM)XHOCTH T'€00JI0KOB M M3MEHUYHBOCTH CBOMCTB BEIIECTBA B 30HAX
MOBBIIICHHON NpoHunaemMoctu [7, 8, 11, 19-21, 25, 26 u gp.].

OnbIT NpUMEHEHHsI TeouHaMUYecKoro ananusa [1, 2, 17, 18], kak xomIuiekca
TEOUCTOPHUYECKUX, CTPYKTYPHO-TEKTOHMYECKHX M MHCTPYMEHTAIBHBIX HCCIEI0BA-
HUH, MOKa3bIBaeT ero 3(pPeKTHBHOCTh B U3yUYECHUH HHXCHEPHO-TEOIUHAMHYECKUX
YCIIOBUH TEPPHUTOPHH, OKa3bIBAIOIIMX 3HAYMTENLHOE BIUSHHE Ha Oe3aBapHiiHOE
(YHKIIMOHUPOBAHNE 3[[AHUN U COOPYKESHHH.

OmHUM U3 CaMbIX CTapbIX 3MaHuid T. O1ecChl ¥ TaMSITHUKOM apXHUTEKTyphl HAIH-
OHAJILHOTO 3HAYCHUS SIBIISIETCS 31aHUe WHPEKIIMOHHOW OOJILHUIIBI, PACIIONIOKEHHOE
B Hauaye ynuisl [lactepa. /IByxataxHoe 31anve GOJIHHUIIBI, BHITTOJTHEHHOE B CTHIIE
knaccunmsma, mocrpous B 1804-1807 romax (paHIy3cKHil apXUTEKTOP-IMUTPAHT
Ha pycckoit ciayx0e XKan Toma ne Tomon. B 1821-M k 3TOMY 31aHUIO TPUCTPOUITU
JIBA TIOJTyKPYTIBIX TONYIUPKYIBHBIX KpblIa, cripoekTupoBanubie /xoBanan (MBa-
HoM) @panom, OpaToM 3HAMEHUTOTO OfieccKoro 3o014ero ®panma Opamom.
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K teppuropun ndekunonHoN OONBHUILBI C BOCTOKA (pUC. 1) MPUMBIKAET OIMOMN3-
HEBOH CKJIOH, KOTOPBIN c(pOpMUPOBaH 0OBajJaMHu OJIOKOB M3BECTHSIKA M OTIOI3HIMHU
BBIJIABJIMBaHMS C HETIIYOOKOH Jedopmanreil MeoTuueckux riuH. [1o uctopudeckium
Y ITEpaTypHbIM naHHBIM [ 14, 15] B nexabpe 1886 roma B orpaje u 31aHusAX TOposI-
CKOH OOJNBHUIIBI MOSBUIIMCH IIUPOKHE TPEHIMHBI U YaCTh TEPPUTOPHH NPUOPOBOY-
HOM 4acTH 11aTo cMecTuiiach BHU3 Ha 3,0 — 3,5 M. B pe3ynbTrare Onoi3Hs Ha CKIIOHE
Ha OTMETKax HIKHEH YacTH IjiacTa W3BECTHIKA COPMUPOBATUCH BBIXOJbI HCTOU-
HMKOB TMOJI3€MHBIX BOJ. B paitone yi. [Ipumopckoil u cmycka MapuHecKy OIoJi3HU
npoucxoaunu B 1870, 1886, 1892, 1956 rr. B mporuecce u3bickaHuii, MpOBOIUBILINXCS
Ha OIOJI3HEBOM CKJIOHE B paifoHe HHPEKIIMOHHOW OOJIBHUITBI B Pa3HBIE TOMIBI, OBLIO
YCTaHOBJICHO, YTO MIOBEPXHOCTH OTOJI3HEBBIX CMEIICHUH (OPMUPOBAIIHMCEH B TOJIIE
MEOTHYECKUX OTJIOKEHHH Ha JIByX THICOMETPUYECKUX YpoBHAX +11,0 M 1 +6,0 M,
[JIE BCTPEUYAIOTCS MPOCIION 1 JIMH3BI BOJOHACHIIIEHHBIX U INIACTUYHBIX CyTECEH.

st mpemoTBpamennst OmoA3HEBBIX MporeccoB B 1890 — 1891 rr Ha ygyacTke
MEXIy CIyckamMu XepcoHCKMM M MapuHecky (ObBmmii Hapeimkuackuii) Oblna
obopymoBaHa IpeHAKHAS MITOIBHS MPOTHIKEHHOCTHIO 57,6 M.

CoBpeMeHHBIMH HAOIIOACHUSMHI YCTAaHOBJICHO, YTO, HECMOTPSI Ha BBITIOJTHEHHBIC
MIPOTUBOOTION3HEBBIC MEPOTIPHUATHS, CKJIOH B paiioHe HHPEKITMOHHOHN OOJTBHUIIBI Ha
MPOTSDKEHUM MHOTHUX JECATHIIETHH MPOIOJIKAET UCTIBITHIBATH OTOJI3HEBBIE Jeop-
Marmu. OO 3TOM CBHJETENBCTBYIOT clieaytonre (GakThl: BEIBOJI W3 DKCILTyaTalluH
JIPEHAKHON CcHCTeMBbI (Y4acTOK IITOJNBHU HAa PACCTOSIHUM 7,5 M OT BXOAa WMeEET
OOpaTHBIM YKJIOH M IO CaMOW KPOBJIM 3aTOIUICH BOJOW), TPEIIMHBI B CTEHAX 3/a-
HUHW JaBHEW MOCTPONKH, a TaKKe TPEIIMHBI, pa3AelSIoNie IIacT M3BECTHSIKA Ha
oT/IeNbHbIe 0J0KH. HekoTopblie n3 HUX pazMepoM 2 — 3 M 3allpOKMHYTHI HA YTroa 5 —
10 rpagycoB B CTOpPOHY IJIATO

Hamu npeanpunsTa NONbBITKa OLEHUTh WH)KEHEPHO-TE€OJAMHAMUYECKHE YCIOo-
BHsS TeppuTOopuu OmeccKoil TOpPOACKONH WHGEKIIMOHHON OONBHUIIBI, PACIIONIOKCH-
HOM B ucTtopuyeckod yactu I. Opecchl, HA OCHOBAaHUU MApaMeTPOB, MOTEHIHAIIb-
HO CMOCOOHBIX BBISIBUTH 30HBI HaWOOJBIIEr0 WHKEHEPHO-TEOJIOTHIECKOTO PHCKA,
CBSI3aHHBIE C MEKOIOKOBBIMH 30HAMHU.

Kax m3BecTHO, pa3iaudHble BUALI H(PPOBOH 00pabOTKH penmbeda Kakon-1udo
[TOBEPXHOCTH HAIPABJIEHbl Ha BBIABIEHHE «CKPBITBIX» CTPYKTYPHO-TEKTOHHYEC-
KHX 2JIeMeHTOB. Ha 0CHOBE 3THX KOMMYECTBEHHBIX JaHHBIX COBPEMEHHBIE METOJbI
LU(pPOBOro KapTorpaguyecKoro MOASIUPOBAHUS O3BOJISIOT BBIIBUTH TPEXMEPHYIO
CEeTh CTPYKTYPHO-TEKTOHMYECKHUX HEOHOPOJHOCTEH (JITMHEaMEHTHBIE TPaTUCHTHbIE
30HBI PA3TMYHON MPUPOJBI), YTO MPUHIMIIMAIBEHO BaXKHO AJISI KOPPEKTHOW HMHKe-
HEPHO-TEOJIOTHYECKOM, HKOIOTO-TEOJTOrMYECKOH M T€OIMHAMHYECKOW OIEHKH CO-
CTOSTHUSI TEOCPEIBI.

Lenvlo Hacmosweli cmamvu SBISETCS WHXEHEPHO-TEOIMHAMHUYECKAs OIEHKA
tepputopun Onecckoil MHOEKIIMOHHON OOJIBHUIIBI U BBISIBIIEHUE YYaCTKOB ITOTEH-
LMATBHOTO T'€0JIOTHYECKOTO prcka. B manHoi paboTe MbI Takke HaMepeHbI 000CHO-
BaTh TE3UC O TOM, YTO T€OJUHAMHUYECKUAN (DAKTOp SBISAETCS OHUM U3 KITFOYEBBIX
(hakTOpPOB re0JOTHUECKUX PUCKOB MPHU MPOSKTHPOBAHUN U IKCIUTyaTaIH 31aHUI U
COOPYKEHUH.
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MATEPHAJIBI U METOAbI UCCJIEJOBAHUS

st M3y4eHus: OCHOBHBIX CTPYKTYPHO-TEKTOHHYECKHX ocobenHocted [locie-
CapMaTCKOTo sipyca Ha TEPPUTOPUH HMH()EKIMOHHOW OOJHHHIIBI MCIOIB30BAIUCH
JAaHHbIE MH)XEHEPHO-T€OJOINYECKUX H3bICKAHWM, BBINOJIHEHHBIE B Pa3HbIE TOBI
MPOEKTHO-NU3bICKATEIbCKUMHU OpraHu3ausiMu (MHCTUTYTaMu «OJ1ecCakoMMYHITPO-
ex™ u «@yHgamentpoek, KII «IIpoxoqunk», LleHTpoM HHKEHEPHO-TIPOEKTHBIX
n3bICKaHMi»). JlanHpie OypeHust (cTparurpaduyeckas NPUHAIICKHOCTD, JUTO-
Jiorusi, aOCOIOTHBIE OTMETKHM CJIOEB, YPOBHHM IOJI3EMHBIX BOM) MO 83 CKBaKMHAM
(puc 1), BCKPBIBIIMMH KpacHO-Oypble TIHMHBI, TOHTHYECKHE W MEOTHYECKHE OTIIO-
JKEHUS, TI0/13€MHbIE BOIBI JICIVIM B OCHOBY JIEKTPOHHON 0a3bl JaHHBIX, IPEIHA3HA-
YEHHOMW 7151 HU(PPOBOTO KapTOrpahuuecKoro MOAEIUPOBAHNS U IOCTPOCHHS PEbe-
¢a moBepxHOCTEH, €ro MPOU3BOAHBIX U MOIIHOCTEH CIIOEB.

Bce kapThl CTpOMJIMCH C HMCHONB30BaHHEM OOMICTIPUHSTHIX METOAMK, peal-
30BaHHBIX B IporpaMmMHoM nakete Golden Software Surfer.

— e
HEXA N Rl aagas

Puc. 1. Kapma ¢paxmuueckoco mamepuana

1 — GypoBbIe CKBRXUHBI; 2 - CYIIECTBYIOIIHE CTPOCHHUS; 3 — TEXHOJIOTHUECKUI TYHHEb MOCTPOINKH
1970 r; 4 — wronbHs noctpoiiku 1892 r; 5 — OMoN3HEBOM CKIIOH; 6 -JIMHUU T€0JIOTHUECKUX Pa3pe3oB.

Kak M3BeCTHO, B COOTBETCTBUH € HJICOJOTHEH 3TOro makera, B OCHOBE LU(PO-
BOil 00paboTku penbeda MOBEPXHOCTEH JIGKHUT CO3/1aHHE IO WCXOAHBIM JIAHHBIM
6a30BOr0 CETOYHOTO MHTEPIOJSILIMOHHOTO (haiiyia ¢ 3aJaHHBIM [IarOM MEX1y y3Ja-
MU [PSIMOYTOJBHOW CETKU. 3areM NpH JH00M BHIE HU(PPOBOrO MOACITHUPOBAHUS
BBINOJIHAETCS. TO WM MHOE MaTeMaTHdecKoe NpeoOpa3oBaHUE YUCENl, XapaKTepu-
3YIOIIUX y3JIbl HHTEPIOJIILUOHHON CETKH (37IeMEHTAapHbIE MJIOMAAKH); PE3YAbTaThI
3aIlUCHIBAIOTCS B HOBBIH (JOUEPHUI) CETOUHBIN (hailyl, aHAJIOTHYHBII 110 CTPYKTYype
ucxonHomy. [To manHbIM gouepHero ¢aiina CTpOUTCs KapTa W30JUHUH.
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Ha ocHoBe nocTpoeHHBIX TU(GPOBLIX MOJIENCH penbeda BRIYUCIISINCh MOp(oMe-
TPHUYECKHE TMapaMeTphl, KOTOPBIE MOTEHIIMATBHO CIIOCOOHBI BBISIBUTH TPaINEHTHBIE
30HBI, T.€. 30HBI, B MpeJIeiaxX KOTOPhIX HaOMIIaeTCcs aHOMAIIBHO OBICTPOE M3MEHe-
HHUE OTMETOK penbeda B TOM MJIM MHOM HampaBiieHHH. V3BeCTHO, 4TO Takue 30HBHI,
SIBIITFOTCS TIpU3HAKoM IH()PEepeHINPOBAHHBIX ABHKCHUN T€OOJOKOB Pa3IHnIHOTO
MacmTa0a, BIUIOTh A0 CAMBIX MEJIKHX C XapaKTEPHBIM pa3MEpOM B IEPBbIE JECITKH
metpos [1-3, 7-9, 11, 16-18, 20-22 u ap.]. B 2T0# cBs3n ObLTH MOCTPOEHBI KAPTHI
IPaJeHToB penbeda KPOBIU MOHTUYECKUX M3BECTHIKOB U MEOTHUYECKUX TIHH. Bo
BCEX CIy4asX UHTEPHOIALMS BBIOIHIIACH KPAUTHHI-METOIOM.

[MapameTp, XapakTepu3yrOIUi rpaueHThl (KpyTU3HY) penbeda B JaHHOW TOU-
K€ BBIUUCIISICS CIenyrommM oopazom. [ kaxmoro y3ina 6a30BOH MHTEPIOISIIN-
OHHOIl CETKM BHaydaje ONpEeNseTCs a3UMYT TaK Ha3bIBAEMOI'o I'PaJUEHTHOrO Ha-
MpaBJIeHUs, T.€. HANPAaBJICHUS MAaKCUMAJIbHOTO HAKJIOHA 3JIEMEHTAPHON TUIOIAIKU
B JIAHHOM Y3JI€ CETKH. 3aTeM BBIYUCIIAETCS YToll (B Tpajaycax) HaKJIOHA TUTOMIAIKH
B 9TOM TIpaJUEHTHOM HampasieHHH. llo cyliecTBy mapameTp XapakTepU3YOLIUil
IpaleHThbl peibeda — 3TO mepBasi MPOU3BOIHAS MO MPOCTPAHCTBY, BBIYUCICHHAS
HE B KaKOM-TO OJHOM HamlpaBJeHHWH, a B HANPaBIEHUN MaKCUMAJIbHOTO HaKJIOHA
3JIEMEHTAapHOM IUIOIIA KN B TAHHOM Yy3J€ ceTKU. M30MMHnu napamerpa «rpajineHTa
penbeda» 3TO TUHUHM OAMHAKOBBIX MAKCHMAJBHBIX YITIOB HAKJIOHA MCXOAHOM TO-
BepXHOCTH. | pasieHT penbeda paBHBIM HYIIIO COOTBETCTBYET TOPU30HTAIBHOH I1JI0-
1aJIKe, MEHbLIE HYJISl — YKIIOHAM BHU3, OOJIbIIE HYIIS — YKIIOHaM BBEPX.

WHucTpyMeHTanbHBIMU METOAAMH OBLTH BBITIOJTHEHBI U3MEPEHNUs JehopMariii 1
MepeMenIeHnii KOHCTPYKTUBHBIX AJIEMEHTOB TEXHOJIOTHYECKOTO TyHHens (puc. 1),
HaKoIJIeHHbIX 3a 40-neTHuii nepuoa sxcrryaranuu (1970-2011 rr). Juamerp TyH-
HEJsl B BEPTHUKAIBHOM U TOPU30HTAIIBHOM HAIPABICHHUSIX U3MEPEH JIa3epHBIM Jallb-
HoMepoM Leica Disto A3 ¢ TourocThIO +- 2,0 MM 110 199 KONBITaM TIOOWHTOB; HUBE-
JIUPOBKA JIOTKA TYHHEJsI BBIMOJIHSUIACH ¢ Iarom 5,0 M Jla3epHBIM aBTOMaTHYeCKUM
taxeomeTpoM SOCIA ¢ tounoctsio £+ 1,0 MmMm. VI3MEeHEHHsI OTMETOK JIOTKA TyHHEIIS
OTPENEISUINCH TI0 OTHOIIEHHUIO K HAYaJIbHOW TOYKE y BXO/a TYHHEb.

[Mocnenyromast 06paboTka UCXOTHOTO psifia TAaHHBIX HUBEIHMPOBAHUS CBOIUIIACH
K peoOpa3oBaHUIO €T0 B IKBUINCTAHTHBIN PSII METOIOM JIMHCHHON HHTEPITOIISIIAN
¢ mwaroM pasHbIM 0,75 M (Mcroab30BaH nMporpaMMHbId akeT Matlab), uro coorBer-
CTBYET PACCTOSIHUIO MEXJ1y 3aMepaMu Jieopmaiiuii kosen TroouHros. [locie aToro
PaCCYUTHIBAINCH TPAJAMEHTHl W3MEHEHHWH BBICOTHBIX OTMETOK (IIepBasi MMPOM3BOJI-
Has) MEXJIy COCEJHUMHU TOYKAaMH HUBEIUPOBAHUS BIIOJb TyHHEIS. J{J1sl BHISIBICHHS
MIPOCTPAHCTBEHHOW MEPUOJUYHOCTH B U3MEHEHUAX TPAJAMEHTOB U MEPHOANIHOCTH
B M3MEHEHUSIX BEPTHKAIBHBIX Je(POpPMaIlnili BBITOIHSICS CIIEKTPAIbHO-TAPMOHHU-
yeckuii ananu3 (Dypee-npeodpazoBaHue), peaarn30BaHHbIM B IPOrPaMMHOM TTaKeTe
Statistica.
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PE3VJIIBTATBI UCCJIEJOBAHUSA N UX OBCYXKJIEHHUE

I'eosioro-reomopdosiornyeckass xapakrepuctuka. C reoMophoaoruyecKoit
TOYKH 3pPEHHS], TEPPUTOPHS TOPOJACKON OOIBHMIIBI PacHojIOKeHa B Mpeneiax Iuia-
TO, a0COJIFOTHBIE OTMETKH KOTOPOTO IUIABHO IMOHMKAIOTCS C FOXKHOIO YIVIa y4acTKa
10 BCEM HAalpaBiICHUSIM. B reooruueckoM CTpOCHNH IPUHUMAIOT Y4aCTHE OPOJIBI
MEOTHYECKOT0, MOHTUYECKOT0, INTMOLIEHOBOTO, YeTBEPTUYHOT0 Bo3pacTa. [Ipu aTom
JIECCOBHUJIHBIE CYIIIMHKU M KPACHO-Oypble ITIMHBI BCTPEUCHBI CKBKWHAMHU TOJIBKO B
I0KHOHM, HanOoJee MPUTIOJHATON YacTh ydacTka. Ha ocranbpHO#M Tepputopuu, Be-
POSITHO, BCIIEICTBHE IPO3NOHHBIX MPOIIECCOB U XO3AWCTBEHHON NEATEIFHOCTH OHU
OTCYTCTBYIOT. T€XHOI'€HHBIE OTIOKEHHS PACIPOCTPAHEHBI B IIpeJeaX BCEro y4acT-
Ka U 3aJIeraloT NPEUMYIIECTBEHHO Ha MOHTUYECKUX M3BECTHSIKAX 32 UCKIIOYCHUEM
I0’KHOTO y4acTKa, IJIe OHH MOJCTHUIIAIOTCS JIECCOBUIHBIMM CyTNIMHKamMu. Mx Mmori-
HOCTh Ha OObIIeH yacTu Tepputopuu He mpesbimaer 1,0 — 2,0 M. Hckmouenue
COCTaBJISIET BOCTOYHBIN y4YacTOK, TJle UX MOIIHOCTh focturaer 7,0 M U 30Ha pes-
KOr'O yBEJIMUYCHMS MOIIHOCTH TE€XHOI'CHHBIX I'PYHTOB BBITSHYTasl B CEBEpO-3amaj-
HOM HalpaBJeHUU. DTO MO3BOJSAET MPEAIOJIOKHUTh, YTO B IEPHOI XO35HCTBEHHO-
IO OCBOGHHSI 3TOW TEPPUTOPHH B Hadase 19 cToneTus B BOCTOYHOM YacTH y4acTKa
CYIIECTBOBAJ IPO3MOHHBIN Bpe3 (OBpar), KOTOPBIHA ObLT 3achlaH U CIIAHUPOBAH.
JIOTIOTHUTENBHBIM TIONTBEPIKICHUEM 3TOMY CIY)KUT OTCYTCTBHE KPacHO-OypBIX
IJIMH ¥ JIECCOBBIX TPYHTOB Ha 3HAYUTENLHOW YacTH TEPPUTOPUH, KOTOPHIE MOTIH
OBITH yAaJIeHbl YPO3MOHHBIMH IIPOLIECCAMH.

Ha pa3MpITOli NOBEpXHOCTH MEOTHCA 3aJICral0T MOHTHYECKHE OTJIOKEHUS,
MIPEJCTaBIEHHbIE IPEUMYIIIECTBEHHO N3BECTHAKAMH. {151 MOHTHYECKUX U3BECTHS-
KOB BEChbMa XapaKTEepHa CHCTEMHas TPEIIMHOBATOCTb, INIOTHOCTh KOTOPOW 3aMeT-
HO M3MEHSETCS OT MecTa K MecTy. M3BeCTHSIKH pa3OUTHl TPEUIMHAMU PA3INIHOTO
HanpasieHnsa. OHM MUMEIOT Pa3INyYHyI0 MHUPUHY (OT HECKONMbKUX MM A0 50 — 60
CM), MHOT/IA 3aIOJTHEHBI 00JIOMKaMH M3BECTHSIKA WU Yalle KpacHO-OypBIMH TIIH-
HaMU. B konM4yecTBEHHOM OTHOLIEHMH MPeoOsIafaloT TPELIMHBI CEBEPO-3aIafHOTO
HarnpasJIeHUs, 10 KOTOPBIM MPEUMYIICCTBEHHO MPOUCXOAMI0 (OPMUPOBAHUE Kap-
cTa (B mpeaenax ydactka pacmnoioxena mnemiepa [1-129 «Ilacxanpnasy). Tpemmab
B M3BECTHSIKaX I'PYNIUPYIOTCS B IBE OCHOBHBIE CUCTEMBI — OPTOTOHAJIBHYIO U JIHa-
TOHAJBHYIO.

Hamu mocTpoensl kaprorpaduueckue MOIEId I'PajueHTOB IOBEPXHOCTH pe-
nbeda Hanbosee 3HAYMMBIX, B KOHTEKCTE JaHHON pabOThl, Fe0JIOTHUECKUX MTOBEPX-
HOcTell (MIACTUYECKHUX NEeCYAHO-IJIMHUCTBIX OTIOKEHHH MEOTHCA M «XPYIKHX)
MOHTHYECKUX HM3BECTHSKOB), KOTOPbIE TOTCHIUAIBLHO CIIOCOOHBI BBISBUTH CTPYK-
TYPHO-TEKTOHHUYECKUE, MOPPOIOTHIECKHE U HEOTEKTOHMUYECKUE 0COOCHHOCTH I'e0-
JIOTUYECKOU CpeJibl;

AHain3 KapThl MAKCUMAaJIbHOTO a0COMIOTHOTO IpaueHTa pesibeda KpOBIU MOH-
TUYECKUX N3BECTHSKOB (PHUC. 2) TIOKA3bIBACT, YTO HAHMOOJIBIINE BEJIMYUHBI 3TOTO I1a-
paMeTpa npuypodeHbl K IpUOPOBOYHON YacTH TJIaTo, B Ipenenax KOTOpoi oTMeya-
eTCs 3aIPOKUBIBAHUE TIJIACTa M3BECTHSIKA M 10 30HAM BEPTHKAJIBHBIX CMEIIEHUI
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chopMUpOBaHbI OT/ICTBbHBIC OJIOKH C TMHEHHBIMU pazmepamu 10 — 20 M. B mpenenax
OCTaJIbHOW YacTH TEPPUTOPUU OTHOCHUTEIHHO 00Jiee BBICOKME BEIMYUHBI 3TOTO Ta-
pamerpa (pOpMHUPYIOT JTMHEAMEHThI, MECTOIOJIOKEHNE KOTOPBIX TAKKE YKA3bIBAET
Ha HaJIM4YKMe CMELICHUH U Pa3pbIBOB OJIOKOB IIACTA N3BECTHSIKA.

0,6m/10m
0,55m/10m
0,5m/10m
0,45m/10m
0,4m/10m
0,35m/10m
0,3m/10m
0,25m/10m
0,2m/10m
0,15m/10m
0,1m/10m
0,05m/10m
om/10m

7 [[—o00s/] 2] |

Puc. 2. Kapma maxcumanvnozo abconiomnozo epaouenma peivedha Kposiu
NOHMUYUCCKUX U3BECTNHAKOE

1 — M30TMHIH MAaKCHUMAJIBHOTO a0COIIOTHOTO TpajeHTa penbeda KPOBIH HOHTHUSCKUX H3BECTHSIKOB,;
2 - CyLIECTBYIOLINE CTPOEHUSL; 3 — TEXHOJIIOTHUECKUH TyHHEb ocTpoiiku 1970 r; 4 — mronabHA Ho-
crpoiiku 1892 r; 5 — onoia3HeBoOH CKIOH

AHanms penbeda MEOTHIECKHIX OTIOKEHUH CBHUIETEIBCTBYET O TOM, YTO BAYKHBIM
AIIEMEHTOM T€OJIOTUYECKOTO CTPOESHHS UCCIENYeMON TEPPUTOPHHU CIIENYET CIUTATh
JIOCTaTOYHO BBIPAKCHHBIN KPYITHO-CKIIQIUYaThlil XapakTep IOBEPXHOCTH MEOTH-
YECKUX IIIUH (a0COMIOTHBIE OTMETKH U3MEHSOTCS oT 19,2 M 1o 21,6 m). U3BecTHO,
YTO CKJIAJUYaThlil peibed) MOBEPXHOCTH IJIMH OOYCIIOBJIICH X IUIACTUYCCKUMHU Jie-
(dhopMmarisiMH, TPOSIBIISIOMIUMUCS TTPH AP PEPEHITUIPOBAHHBIX OJIOKOBBIX JBUKCHH-
X, a TAKXKE B TIEPHO MOATOTOBKHU omoi3Hel [10]. BmecTe ¢ Tem, ecTh OCHOBaHUS
CUUTATh, YTO MIPOCTPAHCTBEHHAsI CTPYKTypa peiibea KPOBIU MEOTHUECKHX OTIIO-
JKEHUH, — HalpaBJICHUE U LIAT JUHEHHO BBITSAHYTHIX YYaCTKOB MOJHSATUN U MOHU-
JKCHHI, — TMOMYMHEHA CTPYKTYPHBIM OCOOCHHOCTSIM MaccuBa nopoja. OOpamaer Ha
ce0sl BHUMaHHUE U TOT (PAKT, YTO MaKCUMaJIbHbIC BEJIMUUHBI IPATUCHTOB BBISBIICHBI
BOJH3U MPUOPOBOYHON YACTH TUTATO U B PaiOHE aBApUUHOTO MOIYITUPKYITHHOTO 3/1a-
Hus (puc. 3).

TakxuMm 00pa3oM, aHAIIN3 TPATUEHTHBIX KapT (pucC. 2, 3) CBUAETEILCTBYET O TOM,
YTO Ha TEPPUTOPUU MH(PEKIIMOHHOW OOJBHUIBI YYACTKHU IMOBBIIICHHBIX I'PaJINCH-
TOB peiibe(a MEeHCTBUTEIBHO CYIICCTBYIOT; UX MOXHO OOBEAUHUTH B JIMHCHHO
BBITSIHYThIC 30HBI, OPUECHTUPOBAHHEIC B OPTOTOHAIBLHOM U IHATOHAJILHOM HaIpas-
JIeHUsIX. XapaKTEePHBIN «IIar» MeXAy TpagueHTHBIMUA 30HAMH COCTaBIsIeT oT 50
1o 100 m.
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Puc. 3. Kapma maxcumansnozo abconomnoeo epaduenma penvegpa nogepxnocmu
MeoOmUu4ecKux OmaoHCeHull

1 — M30JIMHNHE MaKCHMAJILHOTO a0COMIOTHOTO IpaieHTa peibeda KPOBIH MEOTHUESCKHUX OTIOKCHHMH;
2 - CyLIECTBYIOLINE CTPOCHUS; 3 — TEXHOIOTHYECKH TyHHENb nocTpoiiku 1970 r; 4 — mronabHs Ho-
crpoiiku 1892 r; 5 — onoi3HeBoi CKIOH

I'uaporeosiornyeckue ycaoBusi. [IepBblii OT MOBEPXHOCTH BOJOHOCHBIM ropu-
30HT Ha TEPPUTOPUH TOPOJCKON MH(PEKITMOHHOMW OOTHHUIIBI TPUYPOUEH K MOJOIIBE
MOHTUYECKUX HM3BECTHIKOB. BomoymopoM ciykaT MEOTHYECKHE IVIMHBI, MOBEpX-
HOCTh KOTOPBIX B IIEJIOM HakKJIOHEHA B CEBEpO-3allaHOM HarpaBieHuu. BogoBme-
aromyMu 1opoJaMu SBJIAIOTCA NPEUMYIICCTBCHHO H3BCCTHAKHU, I KOTOPBIX
XapaKTepHbI pe3Kkne KojeOaH!sI BOJIOOOMIBHOCTH, CBA3aHHBIE C PA3IMYHON CTere-
HBIO UX TPEIUHOBATOCTH W KaBEPHO3HOCTH. B CBSA3M C MOYTH MONHBIM OTCYTCTBH-
€M B IIpeJieNiax UCCIIeAyeMON TePPUTOPUN KPACHO-OYPBIX TIIHH, KOTOPBIE SBISIOTCS
BOJIOYIIOPOM I'PYHTOBBIX BOJI, MUTAHUE TOHTUYECKOTO BOJIOHOCHOIO TOPU30HTA OCY-
HIECTBISICTCS MPEUMYILECTBEHHO 3a cUeT MHPUIBTpa aTMOC(HEPHBIX 0CATAKOB
YTCUCK M3 BOAOHECYHIUX KOMMYHI/IKaHI/II‘/'I.

AOCOMOTHBIE OTMETKH YPOBHS MTOJI3€MHBIX BOJ B MPeJIeIax ydacTKa NCCIIeA0Ba-
HUN U3MEHSIIOTCS 0T +22,4 M B LIEHTpaibHOU yacTu Tepputopuu 10 19,0 — 20,0 m B
CeBepo-3araHoN JacTu.

CrpyKTypa nmoToka umeeT GopMy KyroJia 1 HOCUT paJualbHbII XapakTep pacre-
KaHMsL. DTO yKa3bIBaeT Ha TO, YTO OCHOBHAS YacCTh €Tr0 pecypcoB (GopMmupyeTcs Ha
MECTe — B ITPEJIesIax TEPPUTOPUU TOPOOIIbHHUIIBI. B IIEHTpabHOM YacTH TEPPUTOPUHU
MOIITHOCTH MMOHTHYECKOTO BOJJOHOCHOTO Topru30HTa cocTasisaeT 1,0 — 2,0 m (puc. 4).
Haubosee cymiecTBeHHOE YMEHBIIIEHHE MOIITHOCTH TTOTOKA HAOIIOIAaeTCsl B CEBEPO-
3amaJHOM HampaBlieHHH, TA€ B OOJACTH €ro pasrpy3KH PacIoJIOKEeHA JpeHa’KHAas
IITONBHS, MOCcTpoeHHas B 1892 roxy.

Kaprorpaguueckoe MoenupoBaHiue Ha OCHOBE JaHHBIX I'€OJIOTHUECKOTO Oype-
HUA TIO3BOJIMJIO YCTAHOBUTH MCECTOIIOJIOKCHHUE U XapPaKTCPHBIC MPOCTHPAHUSA 30H
BO3MOYKHOW COBPEMEHHOM TEKTOHUYECKON aKTUBU3AIUH.
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Puc. 4. Kapma MOWHOCMU NOHMUYECKO20 B8000HOCHO20 copu3oHma

1 — M30TMHUH MOIITHOCTH MTOHTUYECKOTO BOJOHOCHOTO TOPH30HTA; 2 - CYIECTBYIOLINE CTPOCHHUS;
3 — TexHOJIOrMuecKuil TyHHeb noctpoiiku 1970 r; 4 — mronbHsa noctpoiiku 1892 r; 5 — ononsHeBoi
CKJIOH

Bropoit sTan uccnemoBaHMil HpeaycMaTpuBal OTBET Ha BOIPOC, Kakue H3
9THUX 30H M YYacTKOB TOTEHIMAJIBHOTO pHUCKAa JEHCTBUTENBHO aKTHBU3HUPYIOT-
cs B HacTosmee Bpems. OTBET Ha STOT BOIIPOC MOJYYEH IO pe3yibraTaM aHaiu3a
JAHHBIX MHCTPYMEHTAJIbHBIX HAOMIONCHUH 3a AeopManusiMu U IEepeMELICHUSIMU
KOHCTPYKTHUBHBIX 3JIEMEHTOB TEXHOJIOTHUECKOTO TYHHEIS

HNHcTpyMeHTA/IBHBIE H3MEPEHUSI B TEXHOJIOTHYeCKOM TYHHe/Ie MOCTPOHKH
1970 roma. Kak Ob110 OKa3zaHo B psizie pabor [3, 16, 22], B kKauecTBe HHCTPYMEHTA
JUIs1 BBISIBIICHHS M M3YUEHHSI BBICOKOYACTOTHOM TEKTOHNYECKOW pa30I0ueHHOCTH Lie-
J1Ieco00pa3HO MCIOIB30BATH JTMHEHHBIE COOPYKEHHSI OTHOCUTEIHHO OOJBIION Mpo-
TSDKEHHOCTH, 110 KOTOPBIM OCYLIECTBIISIIOTCSI HHCTPYMEHTabHble HabmroneHus. Ha
TEPPUTOPUH TOPOACKOH MH(PEKIMOHHOW OOJBHMLBI TAKMM MHCTPYMEHTOM MOKET
CIIy’)KUTb TEXHOJIOTMUECKUI TYHHEIb, TOCTPOEHHBIN B 1970 roxy.

VYcTbe BXOZa B TyHHENb HAaXOAWTCS HAa TEPPUTOPHM OUUCTHBIX COOPYKEHUI
OOJILHUIIBI, B HIDKHEW YacTH yCTyIa I1aTo. 3aJI0’KEeH TYHHENb B U3BECTHSIKE, B MIPO-
CJIO€ TaK Ha3bIBAEMOT0 MUJILHOTO M3BeCTHsIKA. OTMETKa JTHA TYHHEIs, Ha BXOJIE, CO-
crapisieT 22,0 M, OTMETKa TOBEPXHOCTH TUIATO HaJ BX0A0M — 33,6 M.

Y4uThIBas, YTO 1O TPACCE TyHHEIST a0COIIOTHBIE OTMETKU KPOBJIM MEOTUYECKHX
IJIMH HaxoJsTcs B quanasone 19,5 — 20,5 M on npoiiaen Ha 1,5 — 2,0 M BbIIIe KPOB-
JI1 MEOTUYECKUX IIHH. TyHHEINb SBIIsIETCSI THOKUM, CyOrOpH30HTAIBHBIM COOPYKe-
HUEM, KOTOPOE YyTKO OTpaykaeT Xapakrep JAepopManuii, POUCXOASIINX B MaCCUBE
ropo. B menmom, TyHHENs TpeACTaBIAeT cOO0I TUITOBOE MOJ3EMHOE COOPYKEHHE
AQHAJIOTMYHOE JPEHa’KHBIM IITOJIBbHSAM, PACHOIOKEHHBIM B TOPOAE, 110 TOOEPEKbIO.
JnuHa TyHHENS OT BXoza B 0OpbIBe 10 cTBojia — 150 M. CeueHne TyHHENsI KpyIvioe,
auaMeTp B cBety 2,2 M. OONHIOBKaA C/IeaHa U3 CTaHAAPTHBIX JKeJIe300€TOHHBIX TIO-
OMHIOB, IIIUPUHON 75 CM, YJI0KEHHBIX B KOJIbIIO (110 4 ToOMHra). CoOwIeHeHHS BCeX
TIOOMHTOB HAaXOJATCS Ha BEPTUKAJIHLHON M TOPU30HTAIBHOM 0CAX (TO €CTh B KPOBIIE,
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Ha JTHE U 10 IIEHTpaM OOKOBBIX CTCHOK). B mepuoj; cTpouTeNbCTBa 110 TEXHOJIOTH-
YECKUM YCJIOBUSIM TPOHM3BOJICTBA Pa0OT JMAMETP TYHHEIsI [0 BHYTPEHHEMY Ceue-
HHIO COCTAaBIISI 2,2 M.

XapakTep pacnpeesieHus BeITUYNH BEPTUKAIBHBIX Je(opMaliuii BIoiab TyHHEIS
nmokaszaH Ha puc. 5. [lomydeHHbIe TaHHBIC XapaKTepHU3YIOT HAKOIUICHHBIE edopma-
AW TI0 KKIIOMY KOJIBITY TFOOMHTOB 3a mocieqaue 40 ner.

40

20 H

10 H

-0}

AedopmMacim, Mm

-40 L L L L L L ' L L L L L ' L
a 0 20 30 40 S0 &0 FO0O SD B0 100 110 120 130 140 150

PACCTOAHKE, M
Puc. 5. /lepopmayuu myHHens 6 6epmuKaibHOM ce4eHUU
B penbede noTka TyHHENS JOCTAaTOYHO YETKO BBIPAKEHBI €r0 W3MEHEHUS,

KOTOPBIC CBA3AaHbI C HAKJIOHAMU U IIOABEMAMU €TI0 OTACJIbHBIX YUAaCTKOB. Ot JaHHBbIC
npe06pa30BaHLI B TPEXMCPHYIO MOACIIb TYHHCIIA, KOTOPAs IIPUBEACHA HA PUC. 6.

G
nﬂi’

Puc. 6. Tpexmepnas mooenv myunensi (ommenkamu yeema nOKa3aHsl pasiuyus
B6EPMUKANLHOO U 20PUBOHMANLHO20 OUAMEMPO8 Koley MmI0OUH208)

J171s1 BBISIBJICHUSI TPOCTPAHCTBEHHOM MEPUOAMYHOCTH B U3MEHEHHSX IPAJUCHTOB
U MEePHOTUYHOCTH B M3MCHCHHUSAX BEPTHUKAIBHBIX JieOpPMAIMi BBIMOJIHSJICS CICK-
TpajdpHO-TapMOHUYEeCKHHA aHamu3 (DPypre-npeodpa3oBanme).
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W3 pe3ynbsraroB cpaBHEHUs IeprogorpamMm (puc. 7) BUAHO, YTO B JeQOpMaIHiIx
KOJICI TFOOWHTOB U TpaJIMeHTaX N3MEHEHUH OTMETOK JIOTKA TYHHEJIs! BBISIBIISIFOTCS CO-
BIIQJICHUS Ha IByX MPOCTPAHCTBEHHBIX Nepuonax: 1) 22,7 — 24,0 m; 2) 30,3- 31,8 M.

12} Oedopmaums TobuHros 318m

63,7m
10
27w r

0s 114m

[edopmauus aHa WToNbHU
24,0m

CneKmpaanan nnomuyocme

40

lMepuod (m)

Puc. 7. Cpasnerue nepuodocpamm 8epmuKaibHulx oepopmayuil Koney mioduH208
U 2PAOUEHMO8 USMEHEHUL 8bICOMHBIX OMMEMOK JOMKA MYHHENs

OT1oT (paKT CBHAETENHCTBYET O TOM, 4TO JAe(pOpMaIlii TIOOMHIOB TOAYUHSIOT-
cs nepopMarsiMm MaccuBa TIOPOJ U TMIPOUCXOAT COTIIacCOBaHHO. VIMEHHO mo3TOMY
nedopMal TYHHENS HOCST SPKO BBIPAKEHHBIH JUCKPETHBIN Xapakrep. B aToit
CBSI3U BaYKHO IMOTYEPKHYTh, YTO aHAJIOTHUHBINA AUCKPETHBIN XapakTep nedopMarii
BBISIBJICH B APEHAXHOU IITONBHE, TocTpoeHHoH B 1890 1. (puc 1) u B panuanbHbIX
neopManyix ApEeHaKHOH rajeper W LITOJEH MPOTHBOOIMOI3HEBOTO KOMILIEKCA
Opneccroro mobepexss [3, 22].

B 1891 rony, kax ormeueno B padbote 1. @. Cunmnosa [15], B 001MII0BKE IITOTEHI
MOSIBUJINCH TPEUIUHBL, @ B PE3yJIbTaTe ONOI3Hs, KOTOPBIM npousoiien B Havyane 1892
rojia Ha CMEKHOM y4acTKe (FO’KHBIH y4aCTOK TEPPUTOPHH OOIBHUIIBI), JEOUT ILITOJIb-
HU CYIIECTBEHHO CHH3WICA U K 1897 romy cOpocC MpEeHAKHBIX BOJI MPEKPATHIICS.
B koHTEeKcTE TaHHOM PabOTHl BAKHBIM SIBISIETHCS CIIEIyOIee 00CTOSITENBCTBO «Ha
paspv3v omoil wmoavhu (pUc. 8 - BCTaBKA aBT.) XOPOUWLO 8UOHO, YMO NPOUOeHHble
€10 NopoObl HAOIOMLEHbL BEPIMUKANbHBIMU MPEUWUHAMU U 8b HBKOMOPbIXb MbCHIAXD
uzoeHymol 3u23a2000pasno. Bt pazcmosniu 9,55 case. (20,28 m — ipum. aBr.). Omb
Hauana wmonvru éch crou cosunymol Ha 15 éepuxoed (0,67 M — IPUM. aBT.), MHO-
2isl NOPOObL CUNLHO UCKAdICEHbL, d CUMill 2netl coechwbs nomepsan cioucmocmov u
nepeuwienv 8b naacmuiuHoe cocmosauie. Tonbko HbKOMOpble KAYU pOOHUKOBOU B00bl
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CMeKaIoms b OPEHANCHYI0 KAHABY, d OCTNATIbHbIE YKAOHSIOMCSA OMb Hesl (Mo cO8Ucy)
6b my unu opyeyio cmopouny» [15 c. 198-199].

AN A NS IR I I O S A

0 1 2 4 6 8 10 12 6 5 4 3 2 1 0

Macwma6s Onss 2o0pu3oHm. usmenp.

Macwmab6b Onsa eepm. uamenp.

Puc. 8. Paspez wmonvnu 1890 e.

(Konus ¢ weprexa 3, npunoxxeHHoro K kaure M. ®@. Cunnosa [15]. Exnnuiel namepenuii Ha mac-
mITaOHOM JINHEWKe PUBEICHBI B caxeHsx (1 cax. —2,1336 m)

Takxum oOpa3om, prc. 8 TTOKA3BIBAET, UTO HE TOIHKO HA OTIOJI3HEBOM CKJIOHE, HO U
Ha y4JacTKe IITOJIhHHM, TPOHICHHON B KOPEHHBIX ITOPOJIaX, BBISIBICHBI 30HBI CMellle-
HUU U pa3pbIBOB C IaroM 6-12 m.

Jns mpumepa Ha puc. 9 npuUBEICHBI TEKTOHUYECKUE HAPYIICHUS BIOJb I'€0J0-
rudeckoro paspesa [V-1V (puc. 1), BeieneHHbIE 110 T€0JOrHYECKUM MapamMeTpam U
MHCTPYMEHTAJIHHBIM TAHHBIM.

BaxxHo mOmUepKHYTH, UTO MapaMeTpbl MHOTHX JHHEAMEHTOB (a3MMYTHI MpPO-
CTHpaHUS, PACCTOSTHAE MEX/y JIMHeaMEHTaMH OJTHOTO HaIlpaBlieHUs) penbeda 1mo-
BEPXHOCTH MEOTHUYECKHX OTIOKCHHUW ¥ JJMHEAMEHTOB, BBISBICHHBIX IO TIPOCTpPaH-
CTBEHHOU CTPYKType penbeda KpOoBIH I1acTa U3BECTHSKA, a TAKKe Je(opMaIusim,
3a(pMKCUPOBAHHBIM B TEXHOJIOTMUECKOM TYHHEJIE XOPOIIIO COIIACYOTCS JIPYT C IPY-
roM. OgHAKO, KaK BUAHO M3 PUC. 9 TEKTOHMYECKUE HAPYIICHUS, BBISIBICHHBIC TI0
nedopManysiM TyHHEJSI OTIUYAIOTCS 3aMETHO MEHBIINM XapaKTePHBIM «IIIaroM»
MEXly TPaJAHNEeHTHBIMU 30HAMHU. B 3TOM ciiydae BBEISBISIOTCS «OJIOKM» M «30HBD»
¢ marom 20-30 M. MOXHO TPEINONIOKNUTh, YTO ITO CBSI3aHO C OOJIbIIEH, YeM B
clly4ae TEOJIOTUYECKUX MOBEPXHOCTEH, pa3peliaroineii CrocOOHOCThIO JITAHHBIX
WHCTPYMEHTAJIbHBIX U3MEPEHUH.

Ha ocHoBe reomnHaMHYecKOro aHajm3a BCeX KapTorpaduvecKux MoJeNnen co-
CTaBJICHA KapTa TPAJANECHTHBIX 30H U YYACTKOB MOBBIIIIEHHOTO T'€0JIOTHYECKOTO PHC-
ka (puc. 10).

AHanu3 MpUBEICHHBIX PE3YJbTaTOB KapTOrpauuecKkoro MOJEIUPOBAHUS ACT
OCHOBAHWUS JJIs BBIBOJIA O TOM, UTO 3HAUUTEIbHAS YaCTh HAOMIOMAEMBIX I'PaTUEHTHBIX
JUHEAMEHTOB HAXOJUTCS TOJl HEMOCPEICTBEHHBIM KOHTPOJIEM CHUCTEMBI Pa3InIHO
OpPMEHTHPOBAHHBIX TU3BIOHKTUBOB, KOTOPBIE (DOPMUPYIOT CTPYKTYPHO-TEKTOHHYEC-
KHH IJIaH TePPUTOPUH TOPOICKON HHPEKIIMOHHOW OOEHHUIIEL.
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Pa3spes IV-IV

Puc. 9. Texmonuyeckue napyuienus, gvioenennsie no pe3yabmamam Kapmozpapuieckoco
MOOenuposanus u UHCMpyMeHmanbHelM UsmMepeHum

A — reosnoruueckuit paspes [V-1V (Boons TyHuens); B — rpaduk nedopmaruii koser TFOOHHTOB BIOJb
TyHHenst; C — rpaduk rpaiieHTOB U3MEHEHHH BEICOTHBIX OTMETOK JIOTKA TyHHeNsT; D — TpexMepHast
MOJIeJIb TYHHENS. | — TEKTOHMYECKHUE HAPYIICHHS, BBIACJICHHBIC 110 PE3yJlIbTaTaM KapTorpadgpuueckoro
MOJICJIMPOBAHUS pebedha MOBEPXHOCTH MOHTHYECKUX U MEOTHYECKUX OTIIOKCHUH; 2 — TeKTOHUYe-
CKHE HapyLICHHU, BbIJICICHHBIC 110 Pe3y/ibTaTaM HHCTPYMEHTAIBHBIX U3MEPEHHUIT B TYHHEIE

—
om 25w Gom

Puc. 10. I'paouenmuvie 30161 U Y4ACMKU NOBLIUEHHO20 2€0I02UHECKO20 PUCKA HA MepPUMOpUuL
20POOCKOU UHEKYUOHHOU DOTbHUYBL

1 — rpagueHTHBIE 30HBI X Y9aCTKH MOBBIIICHHOTO I'€0JIOTHYECKOTO PUCKA; 2 - CYIIECTBYIOIIUE CTPOe-
HUS; 3 — TEXHOJIOTUYECKUH TyHHenb nocTpoiku 1970 r; 4 — mronsHs noctpoiiku 1892 r; 5 — omons-
HEBOH CKIIOH
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BbIBO/JbI

1. JIu3bIOHKTHBHBIC HapyIIEHUs, (OPMHUPYIONIHNE HEPAPXUIECKH-OIOKOBYIO
CTPYKTYpPY TEOJIOTHUECKOH cpeanl Tepputopun Omecckoll WH(MEKITMOHHON TOpPO.I-
CKOU OOJIBHHUIIBI ITPEJICTABIISIOT 30HBI TIOBBIIIEHHOTO T€0JIOTHYECKOTO PUCKA.

2. Jns 30H TMOBBIMIEHHOTO TE€OJIOTMYECKOr0 PUCKA TUIUYHBI IKCTPEMAaJbHBIC
TPagueHThl CKOpocTel W nedopmariiii, o0yciIoBIeHHbIE TU(QEepeHITUPOBAHHBIM
XapaKTepoM OJOKOBBIX JBM)KCHHM, UMEHHO TAaKWE 30HBI MOTYT NMPHUBOIUTH K W3-
OMpaTeIbHOMY Pa3pyIICHHUIO 3/IaHUM, COOPYXKEHUU, KOMMYHUKALUH U CIYKUTh
MPEANOCHUIKON K CHUKECHHUIO YCTOMYMBOCTH CKIIOHOB.

3. Teppuropust TOPOACKOH HHPEKIIMOHHOW OOIBHUIBI M MPHIICTAIOMINN K HEH
OTIONI3HEBOM CKJIOH SIBJISICTCS] COITMATBHO BAYKHBIM, TCOIOTUYCECKU CIOKHBIM U T'€0-
JIUHAMHUYECKH (KUBBIM» TMPUPOIHBIM 00bekTOM. [losTOMY B Onrpkaliniee Bpems
KpaiiHe HeoOXonruMa OpraHM3alus Ha JAaHHOW TEPPUTOPUHU JOTOIHUTEILHBIX WH-
KEHEPHO-T€0JIOTHYECKUX U3BICKAHUM M KOMIUIEKCHOTO MOHUTOPUHIA T€0JIOTHYEC-
KOU Cpejibl, B YaCTHOCTU CO3/]JaHKUE OTIOPHBIX YYaCTKOB I'€0/Ie3MUSCKUX HAOIIOICHU I
HAa JIOKAJIBHBIX 00BEKTaX B COOTBETCTBUHU C KapTOW T'PAJMCHTHBIX 30H U YYaCTKOB
MOBBILIEHHOT'O I'€0JIOTMYECKOTO PUCKA.

4. Tlpenyto>keHHBIN METOMUICCKUNA KOMITJIEKC MOKET YCIICIIHO MPUMEHSATHCS Ha
ypOaHU3UPOBAHHBIX TEPPUTOPUSX JJIS BBISBICHUS YYaCTKOB MOTEHIIMAILHOTO I'e0-
JIOTUYECKOTO PHCKA, CBI3aHHBIX C MEKOJIOKOBBIMH 30HAMH.
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MIKPOBJOKOBA BYJOBA I'EOJIOT'TYHOI'O CEPEJJOBHUIIIA

SK ®PAKTOP TEOJOT'TYHUX PU3UKIB YPBAHI3OBAHUX
TEPUTOPIN

Pesrome

leonoriuni pru3nky € crienuiYHUMA PU3UKaMU ITpH OYyJIBHUITBI Ta eKCILTyaTanii
OyniBestb i CIOpy/L, 1110 pOOJISITE 3SHAYHHH BIUTUB HA TPUHHSTTSI pillIeHb 110 OY/[IBHUITBY,
PEKOHCTPYKIii, PO3POOKM CXeM 3axHCTy, OOTpYHTyBaHHs iHBeCTHLil. PesynbraTu
JIOCII/DKEHb OCTaHHIX JIECSTHIIITh MOKAa3yloTh, IO CYTTEBY poOJib B Jedopmariisx
OyaiBens 1 criopys, (OpMyBaHHI i TUHAMII[ 3CYBHUX MPOIECIB, 0COOIUBOCTI PEKU-
MY Ii3eMHHUX BOJI BiZlirPa€ HEOJAHOPITHICTH TEONIOTIYHOTO CEPEAOBHIIA, BUPAKEHA
B i1 i€epapxiuHO-0JIOKOBOT, Y TOMY YHCII MIKpOOJIOKOBOI CTpYyKTypi. MeToto crarTi
€ IHKEHEepHO-TeoJMHaMIYHa OIliHKa TepuTopii Onmechkoi iH(EKIiHHOT JlikapHi Ta
BUSIBIICHHSI JTUISHOK MOTCHIIIMHOTO T'€OJIOTIYHOTO PU3UKY. Y JaHild poOOTi MU Ta-
KOX Ma€eMO HaMip OOIpyHTyBaTé Te3y Hpo Te, IO reoJuHaMiuHui (akTop € of-
HUM 3 KIIFOYOBHUX (haKTOPIB Ie0JIOTTYHUX PU3HKIB MPH NMPOSKTYBaHHI 1 eKCIuTyaTanii
OyaiBeIb 1 COPY/L.

Jns BUBYEHHS OCHOBHHMX CTPYKTYpHO-TEKTOHIYHHX OCOOJIMBOCTEH TepuTOpii
iHQeKniiHOT JKapHI BHMKOPHUCTOBYBAJHCS JaHi OypiHHA (cTparurpadivuna
MIPUHAJIKHICTB, JIITOJIOTISI, aOCOJIIOTHI MMO3HAYKU MIAPIB, PiBHI MiJI3EMHUX BOJ) MO
83 cBepayIOBMHAM 1 IHCTpyMEHTaJbHI BUMIpIOBaHHS aedopMaliid i mepeMilieHb
KOHCTPYKTHBHHUX €JIE€MEHTIB TEXHOJIOTIYHOTO TYHEJI0, HaKomueHnX 3a 40-piuHuii
nepiox #oro ekcrutyaramii ( 1970-2011 pp.). B sikocTi MeTomy BHSIBICHHS 30H
HaMOUIBIIOrO TeOJOTIYHOTO PH3MKY BHKOPHCTAaHO KapTorpadidHe MOJIENIOBAHHS
Ha OCHOBI BHSIBJIIEHHS I'Pa/IiEHTHUX 30H, TOOTO 30H, B MEXaX SIKUX CIIOCTEPIraeThCs
AQHOMaJIbHO IIBU/IKA 3MiHA BIIIMITOK penbedy TeoNOriYHUX ITOBEPXOHb, B TOMY 41
iHIIOMY HanpsMKy. Bimomo, mo Taki 30HH, € 03HaKoro AudepeHIiiioBaHnX PyXiB
reoOJIOKIB pi3HOro MacmTady, ak 10 HaWApiOHIMIMX 3 XapakTepHHM PpO3MipOM
B TIepIl AecsATKH MeTpiB. Bynam moOynoBaHi KapTu rpaii€eHTIB penbedy MOKpIBIi
IUTAaCTHYHUX MIIAHO-IIMHUCTHX BIIKIAJEHb MEOTIC 1 «KPHUXKHX» HOHTHYHUX
BamHsIKiB. J[J1s1 BUSBIICHHS TIPOCTOPOBOI MEPIOTUIHOCTI JiehopMalliii i mepeMinieHb
KOHCTPYKTHBHHUX E€JIEMEHTIB TEXHOJOTIYHOTO TYHEII0 BHKOHYBABCS CIIEKTPaJIbHO-
rapMoHiiHHH aHani3 (Pyp’e-niepeTBOpeHHs).

CrarucTHuHUN 1 KapTorpadiyHUi aHaNi3M IepepaxoBaHMX MAacHBIB JIAaHUX BHKO-
HYBQJINCS 32 TPAAULIMHUMHM METOJIUKAMH, peasli3oBaHUM B IPOTPaMHUX IMaKeTax
Statistica, Matlab i Surfer.

Ha ocHOBI iH)XEHEpHO-TEOIMHAMIYHOTO aHali3y (TeOICTOPHYHMX JIOCIIKEHb,
TeOJIOTIYHMX JIAaHWX Ta IHCTPYMEHTAJIbHHX BHMIpIOBAaHb) BUSBIICHI U3 IOHKTHBHI
MOPYIIEHHS, 1110 (GOPMYIOTh i€papXidyHO-O0JIOKOBY CTPYKTYpPY T€OJIOTIYHOTO Cepeo-
Buma Teputopii Onechkoi iHGEKIIHHOT MICBKOT JIIKapHi 1 € 30HaMM TiJIBUILIEHOTO
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iH)I(eHepHO reoJMHamMiyHoro pusuky. IlokazaHo, 1m0 B cTparerii BHBYCHHS
TEONIONIYHAX PU3UKIB KIIOYOBY POJIb Ma€ BIifirpaBaTH CTPYKTYPHO-TEKTOHIYHHM
thakrop. Beranosneni Ha TepuTOpii MiCKOI IH(EKLIHHOT TiKapHi 3aKOHOMIPHOCTI
XapakTepHi [t BChOro ONEchKoro perioHy i mokasyiorh, o iCTOTHY pPOJIb MpH
IH)KEHEPHO-TE€O0JIOTIYHOT OI[IHKM TepuTOpii MicTa rpae MIKpOOJIOKOBAa CTPYK-
Typa TEOJIOTIYHOTO CEpEe/IOBMIIA, TOJIOBHUMH €JIEMEHTaMH SIKOI € MiXKOJIOKOBI
30HM - 30HM HAWOUIBIIOrO 1HKEHEPHO-TeOIMHAMIYHOTO pu3uKy. Came Juis Takux
30H THIOBI EKCTpeMalbHI TpaJieHTH IIBUAKOCTeW 1 aedopmaiiid, 0OyMOBIEHI
JdepeHIifioBaHIM XapaKTepoM OJIOKOBUX PYXiB, caMe TaKi 30HW MOXKYTh ITPH3BO-
JIITH J10 BUOOPYOro pylHyBaHHs Oy/iBeJb, CIIOPY/, KOMYHIKaI[ii Ta CIIy)KHTH Tepe-
JTyMOBOIO JIO 3HUXKCHHS CTIHKOCTI CXHJIIB. 3alIPONMOHOBAHUI METOIUYHUN KOMITICKC
MOKE YCHIIIHO 3aCTOCOBYBAaTHCSl Ha ypOaHI30BaHHMX TEPUTOPISX JJIsl BUSBICHHS
JIJISTHOK MTOTEHLITHOTO Ie0JI0r YHOT0 PU3HKY, OB’ SI3aHUX 3 MDXKOJIOKOBUMH 30HAMHU.

KuiroueBi ci1oBa: MikpoOJI0KOBa CTPYKTYpa I'e0JIOTIYHOTO CePEOBHUIIIA, IHKCHEpHA
reoJiMHaMiKa, FeoJIOTTYHUN PU3HK.
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MICRO-BLOCK STRUCTURE OF THE GEOLOGICAL
ENVIRONMENT AS A FACTOR OF THE GEOLOGICAL RISKS
FOR URBAN TERRITORIES

Abstract

Problem Statement and Purpose. Geological risks are the specific risks at buildings
construction and operation; those risks influence decision-making connected with
building, reconstruction, development of protection schemes and pre-investment
feasibility studies. The results of studies performed during recent decades have
shown that significant role in buildings and constructions deformation, forming and
dynamics of landslide processes and peculiarities of groundwater regime is played
by inhomogeneity of geological environment expressed through its hierarchical
and block (including micro-block) structure. The paper aims at engineering &
geodynamical assessment of the territory of Odessa Infectious Diseases Hospital
and identification of the sites of potential geological risk connected with inter-block
zones. We also plan to justify statement that geodynamic factor is one of geological
risk key factors during designing and operation of buildings and constructions.
Data & Methods. Data from geological drilling (stratigraphic affiliation, lithology,
absolute layer elevations ormerkn cmoeB, groundwater layers) of 83 boreholes
and instrumental measurements of technological tunnel constructive elements’
deformation and displacement collected during 40 years long operation period
(1970-2011) have been used to study the main structural and tectonic features of
the Infectious Diseases Hospital area. Cartographic modeling based on the gradient
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zones found (i.e. the zones within which abnormally quick changing of geological
surfaces elevation marks was revealed in this or that direction) has been used as the
method to determine the highest geological risk zones. As is known, such zones are
the indicators of differential movement of different scale geoblocks, including the
smallest ones having typical size of dozens of meters. Maps of gradients of relief of
the top of plastic sand and clay Meotain depositions and «fragile» pontic limestones
have been built. To reveal spatial periodicity of deformation and displacement of the
technological tunnel constructive elements spectrum and harmonic analysis (Fourier
transform) has been done. Statistical and cartographic analysis of the above datasets
was done according to traditional methodologies realized in the software Statistica,
Matlab and Surfer.

Results. Based on engineering & geodynamical analysis (geo-historical studies,
geological data and instrumental measurements) disjunctive dislocations forming
hierarchical and block structure of geological environment of Odessa Infectious
Diseases Hospital and being the zones of increased engineering & geodynamical
risks were revealed. It is shown that key role in the strategy of geological risks
studying should be played by structural & tectonic factor. The regularities identified
at the territory of the city Infectious Diseases Hospital are typical of the entire Odessa
region and show that significant role at engineering & geological assessment of the
city area is played by micro-block structure of geological environment whose main
elements are inter-block zones. Extreme gradients of speed and deformation caused
by differentiated character of blocks movement are typical of such zones; the zones
can lead to selective destruction of buildings, constructions and communications,
and be a prerequisite to decrease of slopes stability. The methodological complex
proposed can be used successfully in many urban regions for identification of the
sites of potential geological risk connected with inter-block zones.

Keywords: micro-block structure of geological environment, engineering
geodynamics, geological risk.





