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WHXXEHEPHO-TEOJUHAMMWYECKAS THIIM3ALIUA
OHOJI3BHEONNACHOU TEPPUTOPHUU YYACTKA ITPABOBEPEKbSA M.
AIKAJIBIKCKOI'O JINMAHA

B mpennaraemoii paGoTe 0OOCHOBBIBAETCS METOX WHKEHEPHO-TEOAMHAMUYECKON THITU3ALUH
OTIOJI3HEONACHON TEPPUTOPHUHU, KOTOPBI BKIOYAET AaHAINU3 CTPYKTYPHO-BEIECTBEHHOTO COCTaBa
MOPOA M HMHCTPYMEHTAIbHBIX HAOMIOCHUH 3a Je()OPMALMOHHBIMM IPOLECCAMH Ha OIOJIZHEBOM
ckioHe. Ha ocHOBe reosiornyeckoro OypeHMs M TeoJe3MYeCKUX HaOJIOJEHUH 33 ITOBEPXHOCTHBIMU
CMELICHUSIMA MaccuBa MOpox ckioHa B mepuon ¢ 1981 mo 2010 rr. BBINONHEHAa HH)XEHEPHO-
reoJMHaMHYecKas TUMN3aLUK OMOJI3HEBOTO yJacTKa MpaBoOepekbst Manoro AJKalbIKCKOTO JIMMaHa
(tepputopust OfeccKoro NPUIOPTOBOTO 3aBOJA) U BBIIBICHBI BO3MOXKHBIE 30HBI MTOBBIIIEHHOTO PHUCKA,
CBSI3aHHBIE C COBPEMEHHBIMH WHXKEHEPHOTE€OJOTHYECKMMH M TE€OIMHAMMYECKMMH MPOILECCAMH.
I'maBHOM NpUYMHON aKTHBHU3AIMU 30H HAMOOJIBIIEr0 WHKEHEPHO-TEOAMHAMUIECKOTO PHUCKA SIBIAETCS
HEPApPXUIECKU-OIOKOBOE CTPOEHHE TEPPUTOPUM, M KOTOPOH XapaKTepeH HENpephIBHBIA U
1 hepeHInpOBaHHBIN XapaKTep MepeMenIeHHs Fe00JIOKOB Pa3HOTO HOPSIIKa.

KiroueBble cjioBa: OCHOBHOH JIepOpMHUPYEMBIi TOPU3OHT, AchOpMAaIK OIOJI3HEBOTO CKIIOHA,
Maunsiit AJKaIbIKCKUN JIMMaH, HHXCHEPHO-TEOANHAMUYECKAsk TUITH3AIH.

BBEJEHUE

OpHOM M3 BaXHBIX 3aJad IpPHU IMPOTHO3E OIOJI3HEBBIX IPOLECCOB SBIIAETCS TUIM3ALUS
OIIOJI3HEBBIX CKJIOHOB. B Hacrosiee BpeMs CyniecTByeT 00JbIIoe KOJIMYECTBO KaK OOIIUX, TaK
W YaCTHBIX THMITM3AIMH OIMOJI3HEBBIX U OIOJI3HEONACHBIX CKIOHOB, OCHOBAaHHBIX Ha Pa3IM4HBIX
MIPUHIMIIAX.

OnbIT U3y4YeHHs ONOJI3BHEBBIX CKJIOHOB IIOKAa3all, YTO HCIIOJIb30BAaHHE TI'€OAMHAMHYECKOTO
aHaliM3a KaK KOMILJIEKCA T€OUCTOPHYECKHX, CTPYKTYpPHO-BEIIECTBEHHBIX M JAMHAMHYECKHX
WCCIIeIOBAaHUN 00ecreYnBaeT CHCTEMHYIO IIOJIHOTY H3Y4YEHHUS 3aKOHOMEPHOCTEW pa3BHTHUS
OTIOJI3HEBBIX Tporieccos [1,4,9].

IlosToMy KIIOWOM K pELICHHIO 3a/lad HHXEHEPHO-TEOJMHAMHYECKOH THUIH3AlUU
OTIOJI3HEBOM M OIOJI3HEONACHON TEPPUTOPHH SIBISAETCS HHTETPANbHBIM ydeT IoKa3aresei,
XapaKTepU3YIOIUX CTPYKTYPHO-T€OJOTHYECKHE YCIOBUS M JAWHAMHUKY Je(hOopMalMOHHBIX
nporieccoB. TUnU3ays OMoI3HEBBIX CKIOHOB, IIOCTPOEHHAS Ha
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TaKOM MOAXOAE, YPE3BbYAHO BaKHA IJIS1 BBIPAOOTKHM ONTHUMAIBHBIX MH)KEHEPHBIX DEIICHHUH,
CBSI3aHHBIX C MPOOJIEMOIT SKOJIOTO-TEOJOTrHYECKOH 3alUThl TEPPUTOPHUIL.

Pesynprarhl Hammx uccienoBaHuil mocneaHux npecsruneruid [1, 3, 4, 5, §, 10, 14]
TIOKa3bIBAIOT, YTO CYIIECTBEHHYIO POJIb B (DOPMUPOBAHUY U JTUHAMHUKE OIOJI3HEBBIX IIPOIECCOB
WUTpaeT HeOJHOPOIHOCTh re0JIOTHYECKON CpeJibl, BhIpaXKEHHAs B €€ MUKPOOJIOKOBOH CTPYKTYpe.
I'maBHBIMH 3JI€MEHTaMHU TaKOW CTPYKTYPHI SIBISIOTCS MEXKOJIOKOBBIE 30HBI - 30HBI HAHOOJIBIIETO
WH)XEHEPHO-T€OJMHAMUYECKOr0 pHCKa. VIMEHHO i TakMX 30H THIIMYHBI SKCTpeMajibHbIE
TpaJveHThl CKopocTe u nedopmauunii, o0ycioBieHHble AU((HEepPEHIMPOBAHHBIM XapaKTepOM
OJIOKOBBIX JIBM)KEHHMH, UTO SBJIAETCS MPEAIOCHUIKON CHI)KEHUS YCTOMYMBOCTH CKIIOHOB.

Hamu mnpennpuHsTa MOMBITKA OLEHUTh HHKEHEPHO-TEOAMHAMHYECKHE YCIIOBHS YdYacTKa
oroJi3HeonacHoi Teppuropun Oxecckoro npunoprosoro 3asoaa (OII3), pacronoxeHHOro Ha
npaBodepexbe Maoro Apxansikckoro suMana (MAJI) Ha OCHOBE T€0IMHAMUYECKOTO aHAIN3a,
BKJIIOYAIOLIETO HW3Yy4YCHHE CTPYKTYPHOBEIECTBEHHOI'O COCTaBa IIOPOA W MAaTEeMaTHYECKYIO
00pabOTKy HHCTPYMEHTAIBHBIX HAONIOJCHUH 3a JAeOpMAlMOHHBIMU TIpOLIECCAMH  Ha
OTIOJI3HEBOM CKJIOHE.

[lenb pabomsl COCTOUT B WHKEHEPHO-TCOJMHAMHYECKOW THIH3AIMK OIIOJI3HEONACHOTO
yuacTtka npaBodepexbsi MAJI (tepputopust OIT3) u BBISBICHUH BO3MOXKHBIX 30H HOBBILICHHOTO
pHUCKa, CBSI3aHHBIX C COBPEMEHHBIMH WH)XCHEPHOT'COJIOTHYECKUMH W T'€OJAMHAMHYECKHUMHU
HPOLIECCaMHU.

Obvexm uccredoganusi - ONOJ3HEBOH CKIIOH mpaBoOepexbst MAJL (tepputopus OII3).
Ipeomem uccredosanus - neopManiii ONOI3HEBOTO CKIOHA.

MATEPUAJIBI U METOJIbI UCCJIEJJOBAHUM

HcenenyeMslii yuacToK pacnosioxkeH Ha npaBooepexbe MAJI B npeaenax Teppuropun OI13.
l'eonornueckuif paszpe3 MNPEACTaBIEH MEOTHYSCKHMH TJIMHaMH (C TMPOCIOSMHM Iecka Ha
orMeTkax -11 +16Mu u3BecTHsIKA Ha OTMETKax -26+ -29 u -31 +-33 M), KOTOpbIC TEPEKPHITHI
HNOHTUYECKMMH  W3BECTHSIKAMH MOINHOCTBIO 7 -9 M, KpacHO-OypeIMH  TJIMHAMH H
YEeTBEPTHIHBIMH JECCOBHIHBIMU CYTIIMHKAMHU MOLITHOCTBIO 10 17 M.

B mpomecce cTpouTenseTBa IMAPOTEXHUYECKUX COOPY)KEHHH BBINOJHEHBI IJIAHHUPOBKA U
TeppacHpoBaHHE CKJIOHOB. Ha CIDIaHMPOBaHHOM ydYacTKe TEPPUTOPHH IOBEPXHOCTD
MEOTHYECKUX OTJIOKEHHH MPUKPHITa HACHITHBIMH TPYHTAMA W OCTOHHBIMH IUTHTaMd. B
OCHOBAaHHMHM CKJIOHa, B TIpHOPEXHOIl 30HE, NPOBEIACHB JHOYIyOHTENbHBIE pPabOTHI,
YBEIMYMBIINE MAKCUMAIbHYIO INIyOMHY nuMaHa oT 2 - 4 M 1o 14 - 18 m. IIpu coopyxeHuu
MIPUYATIOB HWDKHSSI YacTh OIOJ3HEBOIO CKIIOHA YKPEIUICHA pslaMy Kelne300eTOHHBIX CBaif
JUIMHOH 25 - 27 METPOB U KPYIHOTIIBIOOBBIM CKaJIbHBIM MaTepHaIOM.

Ha nccrnemyemMoM ydacTke B pa3HOE BpeMs M Pa3HBIMH OpTaHU3aMISIMH IPOOYPEHBI TECATKI
r1yOOKHX CKBa)KHH Ha IJIaTO, OMOJI3HEBOM CKIIOHE M aKBaTOpHHIMMaHa(puc. 1).
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Puc. 1. Kapma pacnoaodiceHun GYpogsix cKeaNcut U NYHKINOE 2e00e3uteckux U WHCMPYMeHmaisHolxX Habawdenuli na meppumopuu O113: 1 —
CKeaNcUtsl, npotypertste & 1973-1974 2e. u & 2000-2010 c2.; 2 — ceodesueckue mapku (nonepensie npoduai i npodoastsle edoisiepecogule Cmeopst).
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Jns BblsiBIeHUsT JAeopManuii CKIOHA HAMH HWCIOJB30BAIKCH IaHHBIE T'€0Je3MYSCKUX
HAONIOZCHUH 33 TMOBEPXHOCTHBIMH CMELICHUSIMH MAacCHBa IOPOJA CKJIOHA, BBIMOJIHEHHBIX
UHCTUTYTOM “UepHOMOpHUMIPOEKT” B epuof ¢ 1981 no2010 rr.

HabmoneHuss 3a TOpPU3OHTAJIBHBIMH M BEPTHKAJIBHBIMH MOBEPXHOCTHBIMH CMELICHHSIMHU
reoIe3nYeCKUX MapoK BEIyTCS 10 YETHIPEM MPOIOIBHBIM (BHOJIb- OEPErOBBIM) CTBOPAM U IIATH
MONIEPEYHBIM MPOQHIAM, OPHEHTUPOBAHHBIM I10 TTAJEHHUIO CKJIOHA B CTOPOHY JUMaHa (puc. 1).
B craructuueckyro o0paboTKy BKIOYEHO 150 Mapok, pacmojoKeHHBIX B Mpeaenax S
npoduneit. J{nuHa nonepeunsix npoduieit Bapeupyet ot 330 mo 600 m. CpeaHee paccrosiHue
MeXay MapkamMu 17 M. AHanu3 BBIIONHSUICS IJisE BpeMeHHOro uHTepBanma 1996-2010 rr. B
npenenax npodunst 3 u st uaTepana 2000 102010 rr. no npodunsam 1,2,4,5.

ITo KaXIOMy TreoAe3UYECKOMY MOMEPEYHHKY PAaCCUMTHIBANCH HAKOIUICHHBIC 33 MEPUO
HAOJIOACHUH BETMYMHBI BEPTUKATBHBIX U TOPH30HTAIBHBIX CMEIICHUH T'€0JIe3UIECKIX MapoK,
AHAJTM3UPOBAINCH JAHHBIC MEKIONOBBIX HW3MEPECHUH BEPTHKAIBHBIX M TOPU30OHTAIBHBIX
CMEIICHUH MapoK.

B xone kapTorpaduueckoro MoOAEIMPOBaHKs Ha OCHOBE JaHHBIX MO MPOQUISIM U3yJaTuCh
MPOCTPAHCTBEHHBIC 3aKOHOMEPHOCTH PACIIPE/ICIICHUS CIESAYIOIINX YEThIPEX apaMeTpOB:

- CpenHsisi MHOTOJICTHSSI CKOPOCTh BEPTHKAIBHBIX CMelIeHH Mapok (VAZ),

- CpenHsisi MHOTOJICTHSSI CKOPOCTh TOPU30HTAIBHBIX CMEIIeHUH Mapok (VAX),

- HAaKOIUICHHAs BEJIMYHWHA TOPU30HTANBHBIX CMEIICHHH MapoK (AX) M - HaKOIUICHHAS
BEJIMYMHA OTHOCHUTEIBHBIX TOPHU30HTANBHBIX aehopmanuii (dSX/dL) MexIy cMEKHBIMU
MapKaMH B mpenenax npoduieil (pa3HOCTh B TOPH30HTAIBHBIX CMEIIEHHSX CMEXKHBIX
Mapok 0SX, OTHeCeHHast K PACCTOSHHIO MEXAy STHMH Mapkamu dL). DToT mokasarennb
M03BOJISIET KOCBEHHO BBISBIISITH YYACTKUA OTHOCHTENIBHOTO PACTSDKEHUS U CHKATHS MOPOJT
CKJIOHA.

ITpononbHBIe (BXOIBOEPETrOBBIC) CTBOPHI PACHOJIOKEHBI Ha OepMax CKJIOHA C OTMETKAMH:
+26,6 M (ctBop 1); +9,3 M (ctBOp 2); +1,7 M (cTBOp 4); +1,7 M (cTBOp 5). [yiuHa cTBOpOB
m3Mmensiercss oT 894 nmo 1821m. B o6paborky B 00miell cioxHOCTH ObUIO BKIIOUEHO 150
reofe3Myeckux Mapok (4 crBopa). Ilepmon HaOmomeHHss 3a BEPTUKAIBHBIMH U
TOPU3OHTAJIBGHBIMA CMEIICHHSMH MapoK B TIpelenax CTBOpOB pasinuuHblii. HambGornee
JUTATENbHBIE Teoae3ndeckue Haomomenus (19812008 rr.) mpoBoaWiINCh B Mpeaetax cTBOPOB 1
n2.

Mo xaXmOMy TeoAe3WUeCKOMY CTBOPY pACCUHMTHIBAINCH HAKOIUICHHBIE 3a IIEPUOT
HaOMIOAeHNH BETMIMHBI BEPTUKAIBHBIX U TOPH30HTAIBHBIX CMENICHUH T'€0JIe3NIECKIX MapoK,
BBIYHCIISUIACH  CPEJHEr0JI0Basi CKOPOCTh CMEIICHHH MapoK, aHaJU3HPOBAINCH ITaHHEBIC
MEKTOJIOBBIX U3MEPEHHI BEPTUKAIBHBIX H TOPH30HTAIBHBIX CMEIICHHUIH MapoK.

Haubonee uHPOPMATUBHBIMH COBPEMEHHBIMH METOJAMH HM3YYCHHS CTPYKTYPHBIX
O0COOCHHOCTEIl TEePPHUTOPHU SBIIIOTCS CTAaTUCTHYECKas 0OpabOTKa JaHHBIX MHOTOJNCTHHX
KOMILIEKCHBIX PEXHMHBIX HaOIIOJCHUH 1 KapTorpaduieckoe MosaenupoBanue. Ha 3Toit ocHOBe
MOXHO YCTaHOBUTb HPOCTPAaHCTBEHHO-BPEMCHHBIC 3aKOHOMEPHOCTH (OPMHUPOBAHUS U
Pa3BHUTHS COBPEMEHHBIX BapHAIMH HAIPSDKEHHO-
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Je(OpPMHUPOBAHHOTO COCTOSIHUSI MacCHBA MOPOJI, YCTAHOBHTH MECTOMOJIOKEHUE M XapaKTePHbIC
NPOCTHPAHUsI 30H BO3MOXKHOW aKTHUBH3aUuH JAehOopMalMii M CMEIICHHA W  YyYacTKOB
MOTEHI[HATBHOTO PHCKA.

Jlnst BBISIBICHHST BO3MOXKHBIX 30H IIOBBIIICHHOTO PHCKA, CBSI3aHHBIX C COBPEMCHHBIMHU
WHXEHEPHO-TCOJOTHICCKIMH M T'€0MHAMHYCCKIMH MPOLECCaMH, ObLIN PEIICHBI CICIYIOLINE
3a/1a49H:

- TOCTpOeHBI  KapTorpaduueckue Moaend  penbeda MOBEPXHOCTH  OCHOBHOTO
neGopMUpyeMoro  ropu3oHTa  (MEOTHYECKHE  OTJIOKEHHS) H  PachpeicicHHUs
BEPTUKAJBHBIX, TOPH3OHTAIBHBIX CMEIICHHH [TOPOJ] CKIIOHA;

- BBINOJHEH aHAM3 JAaHHBIX HWHCTPYMCHTANbHBIX HAONMIONCHUN MJIs YCTAHOBIICHUS
MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEHl (OPMHUPOBAHUS W Pa3BUTHS Ae(HOPMAIIMOHHBIX
HPOIIECCOB;

- Ha OCHOBE KapTOrpaMYecKOro  MOJCIHPOBAHUS  BBINOJIHEHA  HWHXKEHEPHO-
reoIMHAMHUYECKasl THUIHM3ALHs OIOJ3HEOMacHOTo  ydacTka mpaBoOepexbs MAJI
(tepputopust OII3) u cocTaBiieHa KapTa MOBBIIICHHOTO HHXCHEPHO- Te0INHAMIYECKOTO
puCKa.

PE3YJIBTATBI UCCIIEJOBAHUSA U UX OBCYXXJIEHHUE

AHAJIN3 JAHHBIX e0JIOTHYECKHX HCCIe0BaAHMIA

Ha ocHoBaHMM JaHHBIX OypeHUs U3ydeH pelbed IOBEPXHOCTU OCHOBHBIX CTpa-
turpaduyeckux — nojapasjencHuil  (MEOTHYECKMX  IVIMH, IOHTHYECKMX  M3BECTHSKOB,
IUIMOLIEHOBBIX KPAacHO-OypbIX (Tak Ha3blBAEMBIX “CKU(CKUX” TIIUH), a TaKXKe - U3MEHEHUE
MOUIHOCTH HOHTUYECKUX U3BECTHIKOB U CKU(CKHUX IIUH.

IIpu >TOM rnaBHOE BHUMaHME OBUIO COCPEIOTOYEHO Ha M3ydeHUM penbeda ITIUH
MEOTHYECKOrO sIpyca, T. K. MMEHHO 3TU OTJIOXKEHUs, Oyqydd OCHOBHBIM AehOpPMUPYEMBIM
TOPU30HTOM, MPEAONPENESIOT OCOOCHHOCTH MEXaHU3Ma U JUHAMUKY OINOJI3HEBBIX IPOLECCOB.
Kapta penbeda nmoBepXHOCTH HOPOJ MEOTHIECKOTO sIpyca IoKa3aHa Ha puc. 2.

B xonTekcTe Hameil paboTsl Hanbonee HHOOPMATUBHBIM METOIOM H3YyUeHHUs CTPYKTYPHBIX
0COOEHHOCTEH TEeppUTOpHM SIBIAETCS KapTorpajuueckoe MOJETUPOBAaHHE Ha OCHOBE
oOHapy)KeHUsS] TPaJUeHTHBIX 30H, T. €. 30H, B Mpeenax KOTOPBIX HaOIIOJaeTcss aHOMAalbHO
OBICTpOE M3MEHEHHEe OTMETOK penbeda B TOM WM WHOM HampaBleHHH. M3BecTHO, 4TO Takue
30HBI, SBIIOTCA TIpU3HAKOM JUG(EPEeHIHPOBAHHBIX ABIDKCHHH T'€00JIOKOB Pa3IHIHOTO
MacmTada, BINIOTh 0 CaMbIX MEIKHX C XapaKTepPHBIM Pa3MepoM MepBbIe JECATKH METPOB [2, 3,
6, 7, 1113, 15].

IMocTpoena cepust KapT TPaAUeHTOB penbeda KPOBIU MEOTHUECKHX TJIMH, BBIYHMCICHHBIX B
IBYyX nuaroHanbHbIX HampasieHusx (O3 - CB u IOB - C3) u B aByX OpTOrOHanbHBIX (fOT -
CceBep M 3amaj - BOCTOK). Bu3yanbHbI aHanmuM3 STUX TPagUeHTHBIX KapT (puc. 3)
CBHUJETENIBCTBYET O TOM, 4TO Ha Teppuropun OII3 yuacTku HOBBIIEHHBIX TPAAUCHTOB peibeda
JNEeHCTBUTENBHO CYIIECTBYIOT; HX MOXXHO OOBCAMHHTE B JIMHEHHO BBITSHYTHIC 30HEI,
OpPHUEHTHUPOBAHHbIE B CyOMEPUINO-
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Puc. 3. AGcomomuutil 2paduenm peavedha nogepxHocmy Meomu4eckux 2AUH, EulMUCAeHNbII KaK cyMMa
Pp{lfjiien‘imﬂﬁ r)syx f)Hﬂ?()H{L'H:HMX nrmpaﬁ;:eﬂm} (K}Zl‘}—'!ﬂ}?(‘h‘) — (E€8EPO-80CMOK U HKI20-80CMOK —
cegepo-2anad). Buzyaibio 8uideisiomcs AUHEHHBIE 30HbE ROBLIMEHHBIX 2PAdUeHO8 MPEX 0CHOGHbIX

Hanpaeaenuii — cyomepuduonatsiozo, cyGUILpomHueso i ceaepo-3anacioeo.
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HanbHOM (CC3), ceBepo-3amagHOM U CyOLIMPOTHOM HaIpaBICHUSAX. XapaKTepHbId ‘‘miar”
MEX]y TpalieHTHBIMH 30HaMu cocTasisier ot 200 go 700 m.

Pucynox 4 (ycnoBHoe o0o3HaueHue 1) o0oOmaer, B YacCTHOCTH, pe3YJbTaThl
KapTorpa(u4eckoro MoJenupoBanus penseda meoruca. Ha HeMm mokaszaHbl 30HBI, B Ipejesax
KOTOPBIX B KKAOH TOUKe HAONIOAAIOTCA MAaKCHMalbHble (HE3aBUCHMO OT HAIpPaBIICHUS)
rpagueHTsl penbeda. OTH 30HBI MOXHO CUUTATh 30HAMH IIOTEHIHAILHOTO HH)KEHEPHO-
Te0JMHAMHYECKOr0 pHcKa. MIMEHHO 37ech MOTYT OBITh COCPENOTOYEHBI Haubojee aKTUBHBIE
nudpepeHINPOBaHHbIC IEpEeMEIeHH TeO0JOKOB pPa3IHUYHOro MacmTaba, B OTJIMYHE OT
IIPOCTPAHCTBAa BHYTPH I'e0O0JOKOB, IZIe BO3MOXKHBIE AehOpMaluy U BapHalldd HANPSHKEHHOTO
COCTOSIHUS NIOPOA OyIyT HOCUTH O0Jiee CIIOKOMHBIN U MEHee OIIaCHBIA XapaKTep.

AHAJIA3 TAHHBIX TEOQJIE3UYECKHX HABJIIOAEHUI

AHanu3 JaHHBIX Te0JEe3MYeCKMX HaONIOAEHUH MO3BOJIMI BBUIBHTH KHHEMATHYECKUE
XapaKTePUCTUKU CMELIEHUH IOpOoA CKIOHAa M TIPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH HX
HU3MEHEHUi:

- JMana3’oH W3MEHEHHUs HAKOIUIEHHBIX BEPTHKAJIbHBIX CMELICHHH Mapok B Ipeaenax 5
npoduneii 3a nepuoa 2000-2010 rr. cocraBnsier ot -0,5 MM 10 -53,0 MM. BonbIIMHCTBO
MapOK MCHBITHIBAIOT TEHACHIMIO K OIYCKaHHMIO CO CPEIHEH MHOTOJIETHEH CKOPOCTbHIO
0K0JI0 3 MM/ToJ (auamna3oH ot -22,0 1o +6,0 MM/To);

- nuana3oH wu3MeHeHMs HaxoruleHHbIX (2000-2010 1r.) rOpH30HTAJBHBIX CMEIICHUH
MapoK B CTOPOHY JIUMaHa B Ipejenax npoduiieii Bappupyet oT -5,0 10 +85,0 Mm;

- JMamna3oH CPeHEeroJ0BOil CKOPOCTH BepTHKAJIbHBIX CMEIIEHUI MapoK B Ipejieiax
MPOOJIBHBIX CTBOPOB cocTaisieT ot -10,5 mm/rox o +8,5 Mmm/rog;

- CpEeAHero/oBas CKOPOCTh TOPU3OHTAIBHBIX CMELICHUH BJIOJIb CTBOPOB U3MEHSETCS OT
+0,1 mo +7,3 mm/ropx;

- MaKCHMAJIbHbIE BEIMUMHBI OITyCKaHUI MapOK MPUYPOUEHBI K CpeIHell 1 BepXHei
4acTsM CKJIOHA M K IPUOPOBOYHOM 4aCTH ILIATO;

- OTHOCHUTENHHO YCTOWYMBBIC 30HBI PACTSDKEHHI PACIONOKEHBI B MPUOPOBOYHONW YaCTH
IJ1aTO, BEPXHEW U CpeqHel 4acTAX CKIOHA. XapaKTEePHBINA LIar MeXIy HUMH COCTaBIIsSET
12...25, 30...50, 100...120 m;

- 30HBl pACTSHKEHWH TPOCTPAHCTBEHHO COBMNAJAIOT C Yy4YacTKaMH MaKCHMAaJIbHBIX
OMYCKaHUH W MOTYT HHTEPIPETHUPOBATHCS KaK 30HBI MOTEHIMAIBLHOTO OIOJI3HEBOTO
3aKojia. 3O0HBI CXaTHsl MPUYPOUYEHBI K HIDKHEH 4YacTH CKIOHA, K y4YacTKam
TEppacUpOBaHUS U MIPUYAITBHBIX COOPYKEHUN;

- XapakTep MW CKOPOCTH CMEIICHHS MapOK OCTAKTCS MPaKTUYECKH OJMHAKOBBIMH B
npezenax mnepuoja HaONIOJCHHH, YTO MOXET CBUACTEILCTBOBATh O HE3aTYXAKOIIEM
MpoIlecce MOJ3YYECTH IMOPOJ MEOTHYECKUX OTJIOKEHHH, BBICTYMAIOIIUX B KAuecTBE
OCHOBHOTO 1e(hOpMUPYEMOT0 TOPU3OHTA.

250



ISSN 2303-9914 Bicnux OHY. Cep.: Feozpaghiuni ma 2eonoetunt nayeu. 2014, 1. 19, sun, 3

C

OO A W N =

Om 200mM  400mM 600m  800Mm

Puc. 4. FP(I()H&?HN?HEI!‘E 30HL I YHACMK Y NOBLIIHEHHO20 UHNCEHEPH 0-2000UHAMUYECKO20 pPUcKa
Ha meppumopuu OI13: 1 — 30460 ROMERUUANBHO20 UHNCCHEPHO-2C00UHAMUMECK 020 PUCKA,
EbIAGANCHHbBIE RO ep({f)uenma.w p&?bE(j)(I MEOMMUUECKUX AN, 2 npedno;mmmm;: AUaeoHAIbHAA CEMb
2paden MHBIX 300 BEPMUKANBHBIX CMEWEH U, 3 — 30Hb MAKCUMALIBHBIX 2PAOUEHINOE BEPIMUKANBHBIX
CMHEUEH k’fi’,’ 4 — 30HB MAKCUMAALHLIX CYMMAPHBIX MHOZOAEIMHHX cOPUIOHIMATBHBIX pacm;mceuu&;
5 — yuacmeu, pekomerdyemole & Katecmee nPUoOPUMemHuly € Xooe datbHeiieo 2e00e3uteckozo
MOHIEMOPUHSA.

Kaprorpadguueckoe MozmenupoBaHHe Ha OCHOBE JaHHBIX TI'€OJOTHYECKOro OypeHus
MIO3BOJIMJIO YCTQHOBHTh MECTOIOJNIOKEHHE M XapaKTepHbIE NPOCTUPAHHSA 30H BO3MOXHOM
COBPEMEHHOM aKTHBH3AIHH.

251



ISSN 2303-9914 Bichux OHY. Cep.: Teoepaghiuni ma ceoaoeiyni nayxu. 2014, T. 19, eun. 3

Bropoii sTan nccnenoBaHmii mpemycMaTpUBal OTBET Ha BONPOC, KakWe M3 3TUX 30H U
Y4acTKOB NMOTEHIMAJIbHOTO PUCKA JAEHCTBUTEIIHO aKTUBU3UPYIOTCA B HacTosee Bpems. OTser
MOJy4eH B pe3yabTaTe KapTorpaduueckoro MOIEIHPOBAHUS IO JAHHBIM T€0Je3HMYECKOr0
MOHHUTOPHHTA BIOJb IPODUIICH.

Ha ocHoBe mpoGuIBHBIX TI'e0Ae3MYECKUX AAHHBIX MOCTPOEHA CepHs TIPaJHEHTHBIX KapT
CPEIHEroZI0BBIX MHOTOJIETHUX CKOPOCTEH BEPTHUKAJIBHBIX CMELIEHUI penepos, T. €. mapameTpa
vSz. UroroBas kapTra 3TOH CepHH IIOCTPOCHA Ha OCHOBE CpAaBHEHUS B KaXJIOH TOUKe
TEPPUTOPUU BEIMYMH aOCOJIOTHOTO TpagveHTa II0 BOCbMHU HalpaBlIeHHSM M BbIOOpa
HauOoJbIIEHl M3 STHX BEJIMYMH B KauyecTBe Mapamerpa Uil IIOCTPOCHUS KapThl. 3OHBI
abCOJIFOTHOTO MaKCHMAaJbHOTO IPaJMeHTa BEPTUKAIBHBIX cKopoctei (VSz-max) obpasyroT IBe
CHCTeMBl - JUaroHajJbHYI0O W OPTOTOHAJBHYIO, T. €. CHCTEMBI, IOJOOHBIE TEeM, KOTOpBIC
00HApY)KUBAIOTCS Ha TPaJAMSHTHBIX KapTax penbeda KpoBiam meotuca (CM. pHC. 4; yCIOBHOE
obo3Hauenue 2). OxHako, KapThl VSZ-Max OTIMYAIOTCS 3aMETHO MEHBIINM XapaKTePHBIM
“maroM” MeXIy I'paJueHTHBIMH 30HaMH. BrIaBnstoTCA “010KK” 1 “30HBI” ¢ marom 10 100 M u
MeHbIe. MOKHO NMPEANoI0KUTh, YTO 9TO CBSI3aHO ¢ OONBINEH, YeM B cilydae ¢ HHTepIpeTarei
MaTepuaIoB OypeHHs, pa3pelaonieil CHOCOOHOCTHIO AaHHBIX I'€0Ie3MYECKOT0 MOHUTOPUHTA.

HaubGonee nuddepeHmpoBaHHblil XapakTep BEPTUKAIbHBIX AedopMaiiuii 0OHapyXKHUBaeTCs
Ha JBYX ydyacTKax OeperoBoi 30HBI - B IOXKHOW M B cpefHeil ee 4acTsx. B ceBepHoil wacTtu
TeppuTopuu Jud(HepeHINPOBAHHOCTD IT0 BEPTHKATLHBIM CKOPOCTSIM 3aMETHO MEHBIIE, H 37IeCh,
[10-BUINMOMY, OPTOTOHAJIbHASL CETh I'PAIMEHTHBIX 30H MIPEBATUPYET HA/l AUMArOHAJIHHOM.

AHanu3 TOPH30HTAIBHBIX CMEUICHHH NPO(QHIBHBIX MapoOK MOKA3bIBAET, YTO ILIAHOBBIN
“pHCYHOK” 3TOrO mHapaMerpa B II€JIOM IIOBTOPSET XapakTep pacIpeleleHHus BePTUKAIbHBIX
CKOpOCTEH.

AHaJOTHYHBIE TTPOCTPAHCTBEHHBIC 3aKOHOMEPHOCTH BBIABIsET W mapamerp dSx/ dL,
KOCBEHHO XapaKTEPU3YIOUIMH BEJIUYUHY PACTATUBAIOMIMX (CXUMAIOLUIMX) HaNpsDKCHUM Ha
ydacTKax MeXJy COCeHUMM pernepamu. HauGonble pacTArHBAIOIUE HAIpPsHKEHUS
BBISBJIAIOTCS B CEBEPHOM U CpeAHEH 4acTsax NpUOPEKHON TEPPUTOPUHL.

B xonme xaprorpaduyeckoro MOAEIUPOBAaHMS HAa OCHOBE JAHHBIX IO CTBOPAaM H3y4alHCh
IIPOCTPAHCTBEHHbIE 3aKOHOMEPHOCTHU PaCHpe/IeNICHUs IBYX IapaMeTPOB:

- CpejHeil MHOTOJIETHEH CKOPOCTH BEPTHKAIBHBIX CMeIleH!i Mapok (VSz) u

- CpeIHe# MHOTOJIETHEH CKOPOCTH TOPH30HTAIBHBIX CMeNeHui Mapok (VSX).

B pesynbrare OBLIO BEISBICHO CIEAYIOIIEE.

B memoM mnsg mpuOpeXKHOM 30HBI XapaKTEPHBl MPEHMYLIECTBEHHO OTpPHUIATEIBHBIC
BEPTUKAJIBbHBIC CMELICHUS MapOK CO CpPEeJIHEeH MHOTOJIETHEH CKOPOCTHIO OT -1 10 -2 MM/roa. Jlist
CpenHel YacTH TEPPUTOPUM CKOPOCTH OIyCKaHWH yBEIHYMBAIOTCS 10 -4..-5 wmwm/ron.
CBoeoOpa3Hblil “pUCYHOK” pacipeesieHns napamerpa VAX xapakTepeH /Il F0)KHOW MOJIOBUHBI
npuOpexHON TeppUTOpHUHU. 31eCh HAOMI0JAI0TCS. BEChbMa KOHTPACTHbIE CKOPOCTH BEPTHKAIbHBIX
cMelleHui: “OJIOKH”  TMOJOXKUTEIBbHBIX CKOpocTeidl (mo +5.. .+7 MM/TOA) 3aKOHOMEPHO
YepeayroTcs ¢ “OoKaMu’” OTPUIATENbHBIX CKopocTeit (1o -8...-9 Mm/rox).
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Ha ocHOBe KOMIJIEKCHOTO aHaju3a BCeX KapTorpapMuecKuX MOJeNell BbINOJIHEHA
HMH)XEHEPHO-Te€OJUHaMHUYEeCcKasi TUIIU3alus ONoJI3HeBOro ckioHa tepputopun OII3 mo crenenu
HMH)XEHEPHO-T€OJUHAMUYECKOTO PUCKAa M COCTaBlIeHa KapTa TIPaJUEHTHBIX 30H U YYacTKOB
MIOBBIIIEHHOTO MHXEHEPHO-T€0JMHAMUIECKOTO PHCKa (CM. pHC. 4).

BbBIBOJbI

1. Ha ocHOBe WH)XEHEPHO-TEOJMHAMHYIECKOTO aHamm3a (Te0JOTHYECKHX MaHHBIX H
WHCTPYMCHTAIBHBIX HAOJIIOJICHUH) BBINIOJIHEHA THUIHU3AlMs OIOJI3HEBOro CckjloHa MAJI
(tepputopust OI13) 1o cTeneHn HHKEHEPHO-TEOMHAMHYECKOTO PUCKA.

2. I'maBHOH MPHYMHOM BO3HUKHOBEHHS 30H HaMOOJBIIETO MHKEHEPHO- T€0ANHAMUYECKOTO
pHCKa ABIAETCS MEPapXU4YeCKH-OJIOKOBOE CTPOCHHE TEPPHUTOPHHU, @ COBPEMEHHas aKTUBHOCTb
9THX 30H HOANEPKUBACTCSI HENPEPHIBHBIM U TU(depeHInpOBaHHbIM XapaKTePOM MepeMeIeHHs
reo0JIOKOB Pa3HOTO MOPSIIKA.

3. XapakTepHOe HaIpaBieHHE 30H MOBBHIMICHHOTO TI'EOAMHAMHUYECKOTO DPHCKA CBS3aHO
NPpEUMYIICCTBECHHO C AHWArOHaJbHBIMH HAIIPaBJICHUSIMH, XAPAKTCPHBIMHU [JIs T'€OJIOTHUYCCKOIO
CTPOEHHSI TEPPUTOPHUHM; 110 Mepe NPUONIDKEHHS K OeperoBoil 30He aKTMBHOCTH JUArOHATIbHOU
ceTu “rmojaBiisieTcs’” BIMSHUEM OPTOTOHAIBLHOTO NPOCTUpPAHMS Oepera JUMaHa, M 371€Ch 30HBI
HOBBIIICHHOTO PHCKA OPUEHTHPOBaHbI IPEUMYIIIECTBEHHO BIOJB Oepera.

4. YcranoBnennsle Ha Tepputopun OII3 3aKOHOMEPHOCTH XapaKTepHBI UL BCETO
Opecckoro peruoHa 1 MoATBEPAKIAI0T, UTO CYIECTBCHHYIO POJIb B (JOPMHUPOBAHUY U JUHAMUKE
OIIOJI3HEBBIX NPOLIECCOB, UIPAET MHUKPOOJIOKOBasl CTPYKTYpa I'€0JIOrNUECKO cpe/ibl, IIaBHBIMU
QJICMCHTaAMH KOTOpOﬁ SIBJISIIOTCS  MEXKOJIOKOBBIE 30HBI - 30HBI HAHOOJBIIETO HWHXXCHCPHO-
reoAMHaMU4YCCKOro pHUCKa. NmenHo UL TaKUX 30H THUIHWYHBI 3KCTPEMAJIbHBIC TI'PaJUCHTHI
ckopocteil u nedopmanuii, oOyciaoBieHHble TU(GDHEPEHINPOBAHHBIM XapaKTepoM OJIOKOBBIX
JIBIDKCHUM, IMEHHO TaKUE 30HBI SBJISIOTCS NPENOCHIIKOI CHUXEHUS YCTOHUMBOCTU CKIOHOB.

5. Pe3ynpTarel KapTOrpauyeckoro MOJEIMPOBAHUS HEOOXOMUMO YUMTHIBATH IIPU
pa3paboTKe ¥ MPOEKTUPOBAHUU 3AIUTHBIX COOPYKEHUH (IIPOTHBOONOI3HEBBIX, JPEHAXKHBIX U
ap.).

6. YcioBus SKcIUlyaTanuu cyliecTByromux Ha teppuropuud OII3 u  cTpoUTEIbCTBO
IIPOEKTUPYEMBIX COOPYXKEHUH NOMKHBI UCKIIIOUATh JaXX€ BPEMEHHOE YXYIIICHUE MHXEHEPHO-
reoJoruueckux yciaosuil. OmnomsHeBoil ckioH Tteppuropuu OII3 sBnseTcs TreoNOrHYEcKU
CJIOXKHBIM U F€0JMHAMUYECKU aKTUBHBIM IPUPOAHBIM 00bekTOM. [lo3TOMY B Ominkaiiiiee Bpems
KpaiiHe HeoOXoJuMa OpraHM3allis Ha JAaHHOH TEPPUTOPUM JONOIHUTEIbHBIX WHKEHEPHO-
re0JIOTMUECKUX U3bICKaHUN U KOMIIEKCHOI'O MOHUTOPHHIA I'€0JI0TUUECKOil cpesibl, B YaCTHOCTH
CO3JaHUE OIIOPHBIX YYAaCTKOB TIEOJEC3MYECKUX HAOMIOACHUHM Ha JIOKANIbHBIX OOBEKTax B
COOTBETCTBUU C KapTOP TUNU3ALUU TEPPUTOPUM IO CTENEHH UHKEHEPHO-IeOJUHAMHYECKOrO
pucKa (cM. puc. 4; ycI0BHOE 0003HaUEHUE 5).
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TH)KEHEPHO-TEOJIJMHAMIYHA THUII3AIIIA 3CYBOHEBE3IEYHOI
TEPUTOPII TIJISAHKHA MIPABOBEPEXKS M. AJIKAJTUKCHKOI'O
JIUMAHY

Pe3iome

VYV npomnoHoBaHii poOOTI OOIPYHTOBYETHCS METOJ IH)XXEHEPHO-T€OIUHAMIYHOT THIIi3aLil
3cyBOHeOe3me4Hoi TepuTopii, SIKMH BKIIIOYA€e aHaji3 CTPYKTYPHO-PEYOBOro CKJany mopif i
IHCTpYMEHTAIIbHUX CIIOCTepeXXeHb 3a JedopMaliiiHIMU mpouecamMu Ha 3cyBHOMY cxuii. Ha
OCHOBI I'e0JIOriYHOro OYpiHHS i I'€0JE€3WYHUX CHOCTEPEKEHb 3a IMOBEPXHEBUMH 3MILICHHAMHU
MacuBy Imopix cxwry B mnepiog 3 1981 mo 2010 pp. BUKOHAHA iHXKEHEPHO-TEOAMHAMIiuHA
TUmi3anii 3cyBOHEOE3MEeYHOI MUITHKM IpaBoOepexokss Manoro AJDKaJIMKCHKOTO JIMMaHy
(Teputopist OecHKOT0 MPHIIOPTOBOTO 3aBOJY) 1 BUSBIICHI MOMIIUBI 30HH ITiIBUILIEHOTO PH3UKY,
MOB’sI3aHi 3 Cy4YaCHHMH IH)KEHEPHO-TEONOTIYHUMH 1 TeOJMHAMIYHUMHE TpolecaMu. [ 0JI0BHOO
NPUYUHOI0 aKTHBi3alil 30H HAHOUIBIIOrO iHXKEHEPHO-TE€OTUHAMIYHOTO PH3UKY € i€papxidHo-
6yiokoBa Oya0Ba TEpPHUTOpIi, U SIKOI XapaKTepHUH Oe3mepepBHHUE 1 audepeHiioBaHmit
XapakTep NMepeMillleHHsI Te00I0KIB Pi3HOTO MOPSIIKY.

Kaio4oBi cioBa: OCHOBHHI TOPU30HT M0 AehOpMYyeThes, AedopMarii 3CyBHOTO CXHITY,
Manuit AIKaIUKChKUI TMMaH, 1HKCHEPHO-TCOIMHAMIYHA THITi3allis.
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ENGINEERING GEODYNAMIC TYPIFICATION OF A TERRITORY
PRONE TO DANGEROUS LANDSLIDES ON THE RIGHT BANK OF THE
MALY AJALYK LIMAN

Abstract

The paper presents the method of engineering geodynamic typification of a territory prone to
dangerous landslides. It includes the analysis of the structural and material composition of rocks
and instrumental observations of deformation processes on landslide slopes. Based on
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geological drilling and geodetic observations of surface displacements of rock slopes made
between 1981 and 2010, we performed engineering geodynamic typification of a landslide-
prone spot of the right bank of the Maly Ajalyk liman (the territory of Odessa Port Plant) and
identified potentially high-risk areas associated with modem engineering-geological and
geodynamic processes.

To identify possible higher-risk areas associated with modem engineering-geological and
geodynamic processes, following problems were solved: maps are plotted for the surface relief
topography of the main deformable horizon (Meotian deposits), as well as maps of vertical and
horizontal displacements of rock slope; also, the data analysis of long-term instrumental
observations was made; there were identified spatial patterns of formation and development of
deformation processes.

The main reason for activation of engineering geodynamic risk zones is the hierarchical
block structure of the territory, which is characterized by continuous and differentiated move-
ments of geoblocks of various scales.

For areas of high geodynamic risk, the diagonal direction is most characteristic, which is
typical of the geological structure of the territory. Closer to the bank of the liman, the diagonal
network activity is “suppressed” by the meridian-aligned liman, so higher-risk areas are mostly
oriented along the coast.

The patterns identified on the territory of Odessa Port Plant are characteristic of the whole
Odessa region. A significant role in the formation and dynamics of landslide processes is played
by micro-block structure of the geological environment. Its main elements are the inter-block
zones, the zones of highest engineering geodynamic risk. Extreme velocity gradients and strains
associated with differentiated movements of blocks are typical for such zones. It is those areas
that create conditions worsening the stability of slopes.

Cartographic modeling results should be considered while developing and designing
protective structures (landslide, drainage, etc.).

Keywords: basic deformable horizon of landslide slope deformation, the Maly Ajalyk liman,
engineering geodynamic typification.
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