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Lia ctaTTs € APyTroro y cepil OTAIAOBUX POOIT 3 BUKOPUCTAHHSA Cy4aCHUX METOAIB Mirpartii
MAST OTPUMAaHHS CeICMIiYHUX 300paskeHb B palioHax 3 iHTEHCUBHOIO COASTHOIO TeKTOHiKOO. [Toka-
3a@HO Ba’KAUBICTB IIAOODPY aA€KBATHOI IIBUAKICHOI MOAEAL AAS ePeKTUBHOI TOOYAOBU CeMcMiu-
HOTO 300pa’keHHs i TIOAQABIIIOTO KapTyBaHHS ITAaCTOK BYTA€BOAHIB, IIOB'I3aHUX 3 COATHUMMU KyIIO-
AaMu. AAs BUPIIIEHHS [IBOTO 3aBAAHHS YCIIIIHO BUKOPHUCTAHO IIPOMeHeBY ToMorpadito, cKaHy-
BaHHS YaCOBHUX 3aTPUMOK 300pa’kKeHHs i IOBHOXBUABOBY iHBepCito. BiA3HaueHO Ba>KAUBICTH IIpa-
BUABHOI OITiIHKM Ta BpaXyBaHHS aHi30TPOIIil IIIBUAKOCTEH B IIpOlleci TOOYAOBU CEMCMiIUHUX 300-
Ppa’KeHb, IIJ0 IPOAEMOHCTPOBAHO Ha PEaABHUX CEMCMIUHUX MaTepiarax, OTPEMAaHUX Y PaliOHax 3

iHTEeHCHUBHUM IaAOKiHEe30M.

KAr040Bi cAOBa: IPUIIITOKOBI ITAaCTKY, CEUCMIiUHI 300pakeHHs, celiCMiYHa Mirparist, TAuOuH-
HO-IIIBUAKICHA MOAEAB, IIOASIPHA aHI30TPOIIis IIBUAKOCTI, @3UMyTaAbHA aHI30TPOIIiS IIIBUAKOCTI.

BBepeHue. OTa cTaTha — BTOpPasi B CEpUU 00-
30PHBIX PabOT IO UCIIOAB30BAHMIO COBPEMEHHBIX
MeTOAOB MUT'PAIIUM IIPU IOCTPOEHNU cericMudec-
KUX M300pa’KeHUN AN KaPTUPOBAHUSA AOBYIIEK
YTA€BOAOPOAOB B paliOHaX C MHTEHCHUBHOW COASI-
HOM TeKTOHUKOM. B nepBoii crathbe [ TanKKHa U Ap.,
2014] ObIAM TPOAHAAU3UPOBAHBI Pa3HOOOPa3HbBIE
TUIIBI AOBYIIIEK YTA€BOAOPOAOB, CBSI3aHHEIX C CO-
ASTHBIMM KYIIOAGMU B AHEIIPOBCKO-AOHEIIKOM BIIa-
AuHe. Kpome Toro, 6bina AaHa KAACCUPUKAITUAS Me-
TOAOB IIOCTPOEHUS CEMCMUYECKUX N300paKEeHUM.
Ha nprmMepax u3 Apyrux CeAMMEeHTAIlMOHHBIX Oac-
CEMHOB OBIAY [IOKA3aHbI IIPEUMYIEeCTBA MUTPALIUNA
AO CYMMMPOBaHN4, ydeTa MHOTOAYYEBOTO PacIpo-
CTpPaHeHUs CeMCMUYEeCKOU 3HEePIuU U UCIIOAB30-
BaHUA OOMEHHBIX BOAH IIPU IIOCTPOEHNH U300pa-
>KeHUU IPUIITOKOBEIX OOBEKTOB.

JaHHas CTaTbs AeMOHCTPUPYET Ba>KHOCTD BHI-
O0pa MaKCUMaABHO PEAANCTUYHON TAYOMHHO-CKO-
POCTHOM MOAEAU CPEABI AAS YCIIEIITHOTO ITIOCTPO-
eHUs ceicMUYeCKUX n3o00pakeHut. Ocoboe BHU-
MaHUe B Hel YAeA€HO aHU30TPOIINYU celcMudec-
KHUX CKOpPOCTel, 0e3 aAeKBaTHOI'O OIMCaHU4 U yde-
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Ta KOTOPOM HEBO3MOJKHO ITIOAYUYUTE IIDABUABHEIE
celcMHUYeCKHre N300Pa’KEeHUA B CAOJKHBIX TEKTO-
HUYECKUX YCAOBUSAX IPUIITOKOBBIX 30H.
ITopOOp apeKBaTHONI IAYOMHHO-CKOPOCT-
HOM MoAeAr. OAHUM U3 OCHOBHBIX YCAOBUHM yC-
IIELIHOI'O IIOCTPOEHMUS CEMCMUYECKUX U300parke-
HUM ABASIETCS IPABUABHO ITOAOOPAHHAsA TAyOUH-
HO-CKOPOCTHasA MOAeAb. OAHAKO COATHBIE TeAd CO3-
AQIOT MHO>KECTBO CePbe3HBIX IPOOAEM Ha Iy TH pe-
IIeHUsI AQHHOU TTPOOAEMBI. DTO CBA3aHO C OOAB-
IIMM KOHTPACTOM CKOPOCTH Ha IpaHUIle MeXAY
COABIO ¥ OKPY>KaIOIIMMU OCaAOYHBIMU IIOPOAAMY,
a TaK’ke CO CAOKHOM DOPMOM MMOBEPXHOCTU CO-
AGHBIX TeA. [ToMUMO U3HAaYaABHO CAOJKHOM KOH-
puUrypanny, I0BepXHOCTb COAU MOKET OBITh AO-
IIOAHUTEABHO YCAOJKHEeHa IIpolleccaMy pacTBOpe-
HUS U IpOBaraMu. B pe3yAbTaTe Ha IOBEPXHOC-
TU COAU IIPOUCXOAAT CUABHEIE ITPOIECCHI IIPEAOM-
AEHUS U paccessHus CeMCMUYEeCKUX BOAH, YaCTO
MIPUBOASIITHE K CAAOOM "OCBelleHHOCTH ' TTOACTH-
AQIOIIUX COAb I'paHUII. B cBOIO 0Uuepeab, CKOpPOC-
TH BOKPYT COASHBIX AUAQIIUPOB MOTYT OBITH ITOA-
Bep>KeHBI 3HAUNTEABHBIM U3MEeHEeHUIM TI0A BO3-

147



A. H. TATIKHUHA, FO. K. TATIKUH, A. U. OKPETTKUH

AeMCTBUEM IPOIeCCOB "BCOABIBAHUSA ' COAM, 00-
Ppa30BaHUsA TEKTOHUUECKUX HapYILIeHN! U TPellliH,
a TaKkKe pa3HOOOPa3HBIX XUMUUECKUX PEeakITui C
y4acTHeM COAU U COIIPOBOJKAAIOIINX ee MUHepa-

roB [Leveille et al., 2011].

[NepeuricreHHBIE OCOOEHHOCTH SIBASIIOTCS IIPH-
YUHOM OOABITIOTO Pa3HOOOPa3Hs TEXHOAOTMUECKUX
CXeM IIOCTPOEHUs TAYOUHHO-CKOPOCTHOM MOAEAU B
YCAOBUSIX MHTEHCUBHOM COASTHOU TEKTOHUKU. B Ka-
YyecTBe ITprMepa IIPHUBEAEM IlepeueHb IIPOIEAYP, ITIpH-
MeHSeMBIX B IIpoliecce TopAO0pa CKOPOCTU B Mek-
cukraHcKoM 3aauBe [Jones, 2008; Leveille et al., 2011].
1. Mwurpanus B 0CaAOYHBIX IIOPOAAX, IIE€PEKPHI-

BAIOIIUX U OKPYKAIOIINX COAB, CO CKOPOCTHIO,

OTIPEAEAEHHOM C TIOMOIITBIO TPAAUIIMOHHBIX TO-

MoTrpadUUeCcKUX METOAOB.

2. TpaccupoOBKa BepXHeU rpaHUllbl COAU (B TOM
4rCAe — HaBeCOB).

3. PacmpocTpaHeHne rAyOMHHO-CKOPOCTHOM MO-
AEAHU TI0A BEPXHIOIO TPAHUILY COAM B IIPEAEAAX
ee (PAQHTOB ITyTeM 3aAQHMUSA CKOPOCTHU B COAH.
IMpm 5TOM CKOPOCTH B COAM He 00513aTEABHO
AO/JKHA OBITH IIOCTOSTHHOM, @ MOJKET YUUTBIBATh
BAWSIHUIE BKAIOUEHHHM, OIIPEAEAEHHBIX B PE3YAL-
TaTe UCIIOAB30BAHUS TEXHOAOTUH "HEYUCTOM CO-
an" (dirty salt) [Haugen et al., 2008].

4. Mwurpanys ¢ 3T0i yTOUHEHHOM CKOPOCTHOU MO-
AeAnio. THOoTAa AT OOAee KaueCTBEHHOI'O N300-
pasKeHMsT HUKHEN KPOMKY COAM Ay4YIIle MCIIOAD-
30BaTh BOAHBL, UCTIBITABIIIE ABOMHOM 0OMeH (PSSP)
Ha BepXHeM IpaHulle COATHOTO TeAa [Stewart et
al., 2003].

5. TpaccupoBKa OCHOBAHUS M HaBUCAIOIIUX CTe-
HOK COAM.

6. YTOouHeHMe reoOMeTPUU MOAEAU C BKAIOUEHHEM

COASTHOTO TeAa.

Murpanusa ¢ HOBOM CKOPOCTHOM MOAEABIO.

8. TloBTOpeHwUe 11arOB 5—7 AAS BCEeX HaBUCAIO-
WX YY4ACTKOB COASTHOTO TeAQ, eCAU UMeeT Mec-
TO HECKOABKO TaKUX OOBEKTOB, HAIIOMUHAIO -
IIUX CBOMM BUAOM "HOBOTOAHIOIO €AKY'.

9. BBeapeHME CKOPOCTHU B IOACOAEBBIX OCAAOUYHBIX
IIOPOAAX.

10. YTO4HEeHHEe CKOPOCTH B IIOACOAEBBIX OCAAKAX.
Heo6x0AMMO OTMETHUTDH, UYTO IIOCAEAHUM dTall

B AQHHOM I[IepeYyHe — CaMbIl CAOKHBIU U OTBET-

CTBEHHBIH 3a YCIIEIIHYI0 PeaAn3alnio Bcel TeXx-

HOAOTHH B IIEAOM.

Hauboaee mupoKo pacrpoCTpaHEHHOU IIPO-
IIeAyPOH YyTOUHEHUS CKOPOCTHU IIOA COABIO B Ha-
CTosilllee BpeMs IBASIeTCSI AydeBasi ToMorpadus
[Woodward et al., 2008]. Pe3yAbTaT IpuMeHeHUS
3TOTO METOAA NpeACTaBAeH Ha puc. 1 [Wang et
al., 2008; Leveille et al., 2011]. Mcnoap3oBaHuUe
TOMOIpadUU MPUBEAO K IIOHIDKEHIIO CKOPOCTH He-

™
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TOCPEACTBEHHO IOA COASTHBIM TEAOM (DOAee CBeT-
ABIY POH U300pa’keHus) U ee MOBBIIIIEHUTIO Ha He-
CKOABKO OOABIIIeN TAyOuHe (60Aee TeEMHEIN (hOH
n300pa’keHust). OTO MOBLIIIEHNE XOPOIIIO COTAA-
CyeTcs C IIPUCYTCTBHEM KapboHaTOB B 3TOM dac-
T pa3pe3sa. MzoOpaskeHre TOACOAEBOM TOAIIH C
YTOUYHEHHOM CKOPOCTBIO KAPAMHAABHO U3MEHUAO
CBOIO CTPYKTYPY, @ TaK’Ke KauyeCTBO (DOKYCHUPOB-
KW ¥ IPOCAEKMBAEMOCTHU OTPa>kKeHUH.

Puc. 1. CeticMuyeckue U300pa’keHUs, IOAYUYeHHBIE B
MeKCUKaHCKOM 3aAUBe ITOCAE TPUMEHEeHUsT MUTPaIuu
OAHOCTOPOHHET'O BOAHOBOTO ypPaBHEHUS AO (a) U IOC-
Ae (6) YyTOUHEHHSI CKOPOCTH IIOA COABIO C IIOMOIIBIO
Ay4eBOM TOMOTpadHuu.
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Khaccruueckas aydeBas ToMorpadust, HeCMOT-
Ps Ha CBOIO IIOIIYASIPHOCTD, MOJKET OKa3aThCs He-
3(pPeKTUBHOM, KOTAQ HEBO3MO>KHO HAAEKHO Olle-
HUTBb OCTAaTOYHBbIE KHHEMaTU4eCKue CABUTH. ViMen-
HO C TAKOU CUTYyAIUeN HCCAEAOBATEASIM YaCTO IIPH-
XOAUTCS CTAAKUBATHCS IIPU U3YUEHUU IIOACOAE-
BBIX OTAOKEHHUH. 3AeCh BCAEACTBUE PE3KOro IIpe-
AOMAEHUS U PACCESHUS Ha BHIIIIEAesKallled COAT
CelCMMYECKUEe BOAHBI MOTYT PE3KO CHU3UTH YTAO-
BOY AMANa3oH CBOETO PacIpoOCTPaHeHUs U, TeM
CaMbIM, TIOPOAUTE IIAOXO€e " OoCBellleHre " TPaHUI],
U CBSI3@HHOE C 3TUM HU3KOe OTHOIIIeHNE CUTHAaA-
noMexa. B aToMm caydae MOTyT cebOs Aydllle 3ape-
KOMEHAOBAThb O0Aee rpyOble IOAXOABI, HAIIpUMeEp
MEeTOABI CKAHUPOBAHHNS BO3MYIIIEHUM CKOPOCTH [Le-
veille et al., 2011].

XOTs BO MHOTHX CAYYasiX TaKue METOABI AEMOH-
CTPUPYIOT AOCTATOYHO BBICOKYIO 3(D(PeKTUBHOCTS,
KOMIIBIOTEPHBIE 3aTPAThI Ha IIepebophl CKOPOCTEN
OCTAIOTCSI AOCTATOUHO BEICOKMMH M3-3@ HEOOXOAU-
MOCTH MHOTOKPATHO ITIOBTOPSATE IIPOLIEAYPY MUT-
paumu. AT yCTpaHeHHUsI 9TOT0 HeAOCTATKa ObIA
IIPEAAOKEH U aAQIITUPOBAH K MUI'PAIlUU B 0OpaT-
HOM BpEMEeHU MeTOA, YTOUHEHUsI CKOPOCTH TI0A CO-
ABIO, OCHOBAHHBIM Ha CKAHUPOBAHUM BPeMEHHBIX
3apeprkek u3obpakenuda [Wang et al., 2009]. I'lpu
TAKOM ITIOAXOAE PacueT B3aMMHOM KOPPEASIIUY pe-
3YABTATOB IPOAOAKEHHUS ITOAS OT UCTOUHUKOB U
TIPHEMHUKOB BBIITIOAHSIETCS He TOABKO IIPU HyAe-
BOY, HO M IIPU APYTAX BPEMEHHBIX 3aAepPKKax. B
pe3yAbTaTe MOAYYaeTCsI MHOKECTBO CKAHUPOBAH-
HBIX N300pa’KEeHUN IIPU BBIIOAHEHUNU OAHOU IIPO-
LeAyPBI MUTPAIIUY, YTO COIPOBOKAAETCS OTHOCH-
TEABHO HEOOABIINMU AOIIOAHUTEABHBIMU BPEMEH-
HBIMU 3aTpaTaMu. [1o aToM npudrHe OOBIYHO TIepe-
OUpaeTcst AOCTAaTOYHO OOABIIIOE KOAUYECTBO (A0 21)
BpeMeHHbIX 3apepikek [Leveille et al., 2011].

Ha puc. 2 moka3aHbl celicMuueckue n3oopa-
>KeHUsI, IOAYYeHHBIe C [IOMOIIbI0 MUT'PAaIluy B 06-
PaTHOM BpEMEHHU C Pa3ANYHBIMU BPEeMEHHBIMU 3a-
Aepkkami [Leveille et al., 2011]. AHaAU3 3TUX U300
pa’keHHM ITO3BOASIET CAEAATH BBIBOA, UTO OTpaskKa-
IOIIHe IPAHUIIEI IIOA COATHBIM HaBECOM Haubonee
YBEPEHHO IIPOCAEKUBAIOTCS IIPU OTPUIATEABHOMN
3apepikke (— 100 mc).

Emre opuH npuMep, AeMOHCTPUPYIOWIUN 3d-
(PeKTUBHOCTB YTOUHEHUSI CKOPOCTU B IIOACOAEBBIX
OTAO’KEHMAX C IIOMOIIBI0 CKAHUPOBAHUS BpeMeH-
HBIX 3aAep’KeK U300pa>keHus, IPeACTaBAeH Ha
puc. 3 [Ma et al., 2011]. 3pech BUAHO, YTO C yTOU-
HEHHOM CKOPOCTBIO YAAAOCH IIOAYUUTh 3HAUUTEAD-
HO OOAee reOAOTMYeCKU UHTePIPeTUpyeMoe U300-
pa’keHue oA COASTHBIM KO3BIPBKOM.

IToMHrMO pacCMOTPEHHOTO CAyYast IIAOXOHU “OC-
BEIlleHHOCTH'' I'PaHUI] U HU3KOTO OTHOIIEHUS CUT-
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Puc. 2. Pe3yapTaTel MUTrpaliud B 0OPAaTHOM BpPeMeHU
B MeKCUKAHCKOM 3aAUBe IIPU PA3AUUYHBIX BPEMEH-
HBIX 3apeprKKax uzobpaxxenus: 0 mc (a), 100 mc (6) u
—100 Mmc (B).

HaA-TIOMeXa AydeBas ToMorpadus MOXXeT OBITh
HeaMEKTUBHOM IIPU PE3KUX BapHUAILUIX CKOPO-
CTU B IPOCTPAHCTBE, MEHBIIINX II0 PA3MepPy OA-
Hol 30HEI OpeHeaa [Woodward et al., 2008]. B
9TOU CUTYAIlUU MOTYT yCIIeIIHel ceOsl IPOSBUTD
METOAB], AUIIIEHHBIE YIIOMIHYTOTO HEAOCTATKA AY-
4YeBBEIX QHAAOIOB, HAIIpUMeP IIOAHOBOAHOBAS UH-
Bepcus [Vigh et al., 2011]. XoTst 3TOT MeTOA BeCh-
Ma CAOKHBIN M3-3a HEAUHEVMHOCTHU U HEOAHO3HAU-
HOCTH pellleHNs, NCIIOAB30BaHNe IITUPOKOA3UMYT-
aArbHBIX 3D HaOAIOAEHUM, IPUOOPETAIONTUX B TI0-
CAeAHee BpeMsi BCe OOABIIYIO IIOITYASPHOCTD, 1103-
BOASIET B 3HQUUTEABHOU CTEeIleHU YCTPAHUTh 3TO
npensaTcTBHe. [ IpenMyIecTBo celicMU4ecKoro 1300-
Pa’KeHUs, TIOAYYeHHOTO B MeKCUKaHCKOM 3aAu-
Be IIOCAE YTOUHEHUSI CKOPOCTH C IIOMOIIIBIO ITOA-
HOBOAHOBOM MHBEPCUM, ITI0Ka3aHo Ha puc. 4 [Vigh

149



A. H. TATIKHUHA, FO. K. TATIKUH, A. U. OKPETTKUH

Puc. 3. Pe3yAbTaTel MUTrpaliiu B 0OpaTHOM BpeMeHHU B
MeKCUKaHCKOM 3aAuBe AO (a) U IMOoCAe (0) YTOUHEHHUS
CKOPOCTH TIOA COABIO C ITIOMOIIIBIO CKAHUPOBAHUS Bpe-
MEHHBIX 3aAep’KeK M300pa’keHuUsl.

etal., 2011]. OHO NPOSABUAOCH, B YaCTHOCTH, B YAyY-
LIEHNU U300pa’KeHUA FOJKHOTO (PAAHTa MEKCOAe-
Boro "mMmHuOaccemHa'" 1 IIOACOAEBOM TOAIIIH.

MBI TPOAEMOHCTPUPOBAAU BaJKHOCTE TTOAOOPa
QAEKBATHOM IAYOMHHO-CKOPOCTHOW MOAEAU AAS yC-
TIEIITHOTO ITIOCTPOEHMS CeUCMUUECKIX N300pake-
HUM TOABKO Ha IpuMepax u3 MeKCHUKaHCKOTIo 3a-
AuBa. [ToaToMy 11eaecoobpa3Ho TOAUEPKHYTh, UTO
Ka’KABII COAEHOCHBIN OaCCeH XapaKTepru3yeTcs
CBOMMM O0COOEHHOCTIMU. Pa3anuns B UCTOpUY reo-
AOTHUUYECKOTO Pa3BUTHUS U COBPEMEHHOM CTPOEHUHU
0OaccelHOB TPeOYIOT MHAMBHAYAABHOTO IIOAXOAQ K
METOAUKE II0ADOpa FAYOMHHO-CKOPOCTHOU MOAE-
Am. B KauecTBe mpuMepa MOKHO IIPUBECTHU pa3-
AWUYe IOCAEAOBATEABHOCTH OIlePAaIlyi, BBIIIOAHS-
€MBIX [IPY IIOCTPOEHUM CKOPOCTHOU MOAEAM B Mek-
CHUKaHCKOM 3aAmBe u B 6acceirine CaHToc, bpazu-
aus [Huang et al., 2010].

YuyeT aHU30TPOIINU CKOPOCTEN CelicMu4ec-
KUX BOAH. OAHUM U3 BaKHEUIIINX CBOMCTB peanb-
HOU T€OAOTHYECKOM CPEABI IBASIETCS aHU30TPO-
1S CKOPOCTHU (3aBUCUMOCTD 3TOU XapaKTepUC-
THUKU OT YrAd PACIPOCTPAHEHUS ) CEMCMUYECKUX
BOAH. OTO IBA€HUE CBSI3@HO C MHOKECTBOM IIPU-
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unH [Jones et al., 2003; Grechka, 2009], u3 KoTo-
PBIX ABE€ MOJKHO CUUTATHL OCHOBHBIMU. [ lepBast —
YIOpsiAOYEHHAs (IUKAWYHASA) TOHKas CAOUCTOCTD,
3¢ HeKT OT KOTOPOH MOKET ObITH AOTIOAHUTEABHO
YCHAEH B CAy4Yae IIPENMYIeCTBEHHO TAMHUCTOTO
XapakTepa pa3pesa, IOCKOABKY TAMHEL CAMHU 110
cebe CyIIeCTBEHHO aHU30TPOIIHEIE. DTOMY CAY-
Yaro COOTBETCTBYET IOASIPHAasi aHU30TPOIINS, TIPO-
SIBASIIOIIASICS B 3aBUCUMOCTU CKOPOCTH OT yTAa
pacrpocTpaHeH!s] BOAHBI OTHOCUTEABHO HOPMaAm
K HaIlAaCTOBaHHUIO. BTopas npuunHa — yIopsa0-
yeHHas (MepropndecKasi B IPOCTPAaHCTBE) TPely-

Puc. 4. CelicMuyeckue U300pa’keHUs, IOAYUYeHHBIE B
MeKCUKaHCKOM 3aAuBe IIOCA€ YTOYHEHUS CKOPOCTH
C IIOMOIIBLIO AY4EBOM TOMOrpaduu (a) ¥ IOAHOBOAHO-
BOM uHBepcuu (6).
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HOBATOCTb, KOTOPasi OOBIYHO HAOAIOAAETCA Mep-
IIeHAUKYASIPHO HAIlAQCTOBAHUIO. B 3TOM cAydae
BO3HHUKAET a3UMyTaAbHAsl aHU30TPOIINS, IIPOSIBAST-
IOIIASAICS B 3aBUCUMOCTH CKOPOCTH OT a3UMyTa pac-
TPOCTPaHEeHWs BOAHBI OTHOCUTEABHO HAIlpaBAe-
HUS IPOCTUPAHUSA CUCTEMBI TPEIINH.

Ba)KHOCTE yueTa aHU30TPONINHU CEUCMUYECKUX
CKOPOCTEN YBEPEHHO OCO3HAETCS ¥ YOEAUTEABHO
AEeMOHCTPUPYeTCs reo(pU3UKaMU Ha MHOTOUHCAEH-
HBIX MOAEABHBIX U PeaAbHBIX MaTepruanax. Taxk,
HaIpyUMep, B UHTEePBbIO, AAHHOM >KypHaAy The Lea-
ding Edge (CIIIA) B okTs6pe 2006 T., Bepyiiue
CIIEIIMaAUCThI B 0OAACTU CEMCMUYECKON aHU30T-
ponuu nnpodeccop Vabg LIBaHKUH (yHUBEPCUTET
Colorado School of Mines, CIITIA) u pookTop Baa-
anmup 'peuka (kommanust Marathon, CILIA) otme-
TUAH, YTO BCE IPOEKTHI TAYOruHHOM 3D Murpanumu
B TAKOU BeAylIllel MUPOBOM KOMIIaHUY, Kak Exxon-
Mobil, y>Ke BEIIOAHSAIOTCS UCKAIOUUTEABHO C UC-
TTOAB30BaHEM @HM30TPOITHBIX CKOPOCTHBIX MOACAEH.

IMToasipHast aHn3oTponns. Kakue HeraTUBHBIE
TTOCAEACTBUS MOJKET MIOPOAUTH UTHOPUPOBAHUE
QHM30TPOINM CKOPOCTH IIPU IIOCTPOEHUHU CEeNC-
MHUYEeCKUX n300pakeHui? I'lpopeMoHCTPUPYEM
3TO Ha MIPUMepe MOATPHOMN aHNU30TPOIINHY, TIOPOK-
AaeMOU yIIOpsIAOUYEHHOM TOHKOU CAOUCTOCTHIO.

1. PaccmoTpuM CHauara FrOPU30OHTAABHOE 3aAe-
raHue 0CAAOUYHOM TOAIYU. TaKas cpeAa yCIeNIHO
TIPEACTaBASIETCS TPAHCBEPCAABHO U30TPOITHOM MO-
AEABIO C BEPTUKAABHOM OCBIO CUMMeTpHUH (verti-
cal transverse isotropy, VTI), aHu3oTponus ceiuc-
MHYECKHUX CKOPOCTEN B KOTOPOU OIIUCEIBAETCS ABY-
Mst napameTrpamu Tomcena d u € [Thomsen, 1986;
Grechka, 2009]. B 3ToM caydae CKOPOCTB U30TPOII-
HOU MUTpaIuy, KOTopas OOBIYHO ITIOAyYaeTCsd U3
aHaAM3a CKOPOCTeW CYMMUPOBAHUS (MUIPAIUn),
M13-3a BAUSHUS @HU30TPOIINU OTAUYAETCSI OT Bep-
THUKAABHOM CKOPOCTH UAM CKOPOCTH, U3MePEeHHOMN
10 AQHHBIM CEMCMUYEeCcKOoro kaporaxka (checkshot
velocity). [To aTo >ke IpuUMHe CKOPOCTh U30TPOII-
HOM MUTPALH OTAWYAETCS OT CKOPOCTHU aKyCTH-
YeCKOTO KapoTayka, XOTs 3TO MOKET OLITh BhI3Ba-
HO U APYTMIMU IIpUUYMHAMU.

Puc. 5 mo3BoAsieT cONOCTaBUTh CKOPOCTH aKy-
CTUYECKOTO KapoTaXka B AByX CKBa’KUHaX C CO-
OTBETCTBYIOIIMMH CKOPOCTSIMU M30TPOITHON U aHU-
30TPOITHOM MUTPAIINU CEUCMMYECKUX AQHHBIX TTPU
MOPCKUX uccaepoBanusax B Hurepuu [Fruehn et
al., 2007]. Ha aTo# AoIIaAu IeAeBOM MecuaHbId
pe3epByap HepeKpPHIT TAMHUCTOM TOAIEHN C IPKO
BBIPQKEHHOM aHU30TPOIIUENU CKOPOCTH. B pe3yas-
TaTe B IIpeAeAaX TAMHUCTOTO MHTepBaAa HabAO-
AaeTcsl cucTeMaTudecKui cABUT (= 10 %) MeRAy
CKOPOCTSIMH U30TPOIIHON MUTPAITUU U aKyCTHUIEeC-
KOT0 KapoTayka. BBeaeHNe aHU30TPOIIUY ITI03BOAU-
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Puc. 5. ConocraBaeHHe CKOPOCTH aKyCTUUECKOTO Ka-
pOTa’ka B ABYX CKBa’KMHaX C COOTBETCTBYIOIIUMHU CKO-
POCTSIMU U30TPOITHON ¥ @HU30TPOITHOM MUTPAITUY CeHiC-
MUYeCKUX AQHHBIX IIPM MOPCKUX UCCAepAOBaHUAX B Hu-
Tepuu.
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Puc. 6. CelicMuyeckrue U300pa’keHMUsI COASHBIX IITOKOB M OKPY’KAIOIIUX OCAAOUYHBIX IIOpoa B Ilpukacmuii-
CKOM BIlapAMHe 0e3 yueTa (a) U ¢ y4eToM (6) aHM3OTPOIIMU CKOPOCTeMN. AASI CpaBHEHMSI Ha M300pa’keHUe Ha-
AOJKeHBI OpHa m3 cemicMmueckux Tpacc (TP) u xaporakHasi kpuasa (['VIC).

AO IIPUBECTU BEPTUKAABHYIO CKOPOCTb MUI'PALIAN B pe3yabTaTe OTMEUEHHOTO PA3AUYUI MEKAY
B XOpolllee COOTBETCTBHE C AQHHBIMU aKyCTHUeC-  HCTUHHOMN BEePTUKAABHON CKOPOCTBIO U CKOPOC-
KOT'O KapoTaka. TBIO U30TPOITHOU MUTPALINYA N300PaKeHUs TOPHU-
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30HTOB MOTI'YT 3aHUMAaTh HeIIPAaBUABHOE TIOAOKEeHNEe
o rayouse [Vestrum, 2002]. O65IYHO OHU U300-
PaKaOTCs TAYO>Ke CBOETr0 UCTUHHOTO IIOAOKEHMUS,
TIOCKOABKY CKOPOCTH CYMMHPOBAHUS 4YaCTO IIpe-
BBIIIAET UCTUHHYIO BEPTUKAABHYIO CKOPOCTh [Grech-
ka, 2009].

3TOT 3p(PeKT yOeAUTEABHO AEMOHCTPUPYET
puc. 6 Ha MaTepurarax n3 [IpuKacnuiicKol BIia-
AUHEL [banHUKOB U Ap., 2009]. Ha pucyHKe BUA-
HO OITYTHMOE PasAndye B TAYOMHHOM IIOAOKEHUU
1IeAeBbIX KAPOOHATHBIX OTAOKEHUN B MESKKYTIOAL-
HOM IIPOCTPAHCTBE Ha Pe3yAbTaTaX U30TPOITHOMU
MUTpaIU{ U KapoTa>KHOU AmarpaMme. YUeT aHU-
30TPONUU CKOPOCTEN IIO3BOAUA YCIIEIIHO YCTPa-
HUTB 3TOT HEAOCTATOK CENCMITIECKOTO N300PasKeHMS.

OpHaKOo HellpaBUABHOE ITO3UITMOHNPOBAHME TO-
PH30HTOB IIPU CyOBEPTUKAABHOM OCU CUMMETPUN
QHU30TPONMH SIBASIETCS] 3HAUMTEABHO MEHee Cephes-
HOU IIPOOAEMOM, UeM UCKAKEeHNUs, BBI3BAHHBIE CY-
IIIeCTBEHHBIM HAKAOHOM 3TOU OCH. (3aMeTuM, 4To
TaKas CUTyaIUs IOPOKAAETCSI HAKAOHHBIM 3ane-
TaHMEM TOAIIM ¥ XOPOIIIO OIMChIBAETCS TPaHCBEP-
CaAbHO M30TPOITHON MOAEABIO C HAKAOHHOM OCBIO
cuMmMmetpuH (tilted transverse isotropy, TTI) u Te-
MU JKe napamerpamu TomceHa.) AeAro B TOM, 4TO
IPpU BePTUKAABHOM HallPaBAEHUU OCU MCKOMBIN
OOBEKT (DAaKTUIECKU MOKET ObITh BCTPeUeH Ha MEHb-
111e¥ TAyOHHe, YTO OyAET IIPOCTO IPUATHOU HEeOXKU-

AAHHOCTBIO AAST PAa3BEAUMKOB HeAp. [ 1pu HaKAOH-
HOM OCH KapTHUHA YCAOKHSETCS, U U300pa’keHue
MCKOMOT'O OO'BbeKTa MOKET OBIThH AOTIOAHUTEABLHO
3HAUYUTEABHO CMEIIeHO II0 A@TePaArd OTHOCUTEAD-
HO MCTUHHOTO IIOAOJKeHUs. B 3TOM caydae mouc-
KOBasi AW pa3BepOvYHas CKBa’KMHA MOJKET ITPOC-
TO IPOMAXHYyThHCS.

Bo3HuKHOBeHE 3HAUNTEABHBIX AATePaAbHBIX
U BePTUKAABHBIX CMeNIeHUM CeMCMIYeCKUX u300-
pakeHu 0OOBEKTOB OTHOCUTEABHO UX UICTUHHOTO
TTOAOKEHUS TIPU UTHOPUPOBAHWU aHU30TPOITNHU C
HAKAOHHOM OCBIO CUMMETPHUU AeMOHCTPUPYETCS
BO MHOTUX paboTax (Hampumep, [Vestrum et al.,
1999; Isaac, Lawton, 1999, 2002; Isaac, Lines, 2002;
Vestrum, Vermeulen, 2004; MapMaAeBCbKUM Ta
in., 2005; Zhang, Zhang, 2008]) c ncnoarb30BaHU-
eM (PU3UIECKOTO ¥ MaTeMaTUUEeCKOTO MOAEAUPO-
BaHUSI.

Ha puc. 7 n3zo6pakeHa r'hyOMHHO-CKOPOCTHAs
MOAEAB, MCITOABL30BaHHAasI AAST OITeHKY BAUSTHUS aHU-
30TPONUU CEMCMUYECKHUX CKOPOCTEN C HAKAOHHOU
OCBhIO CUMMETPHU Ha n300pakeHue TapacoBCKO-
T'O COASTHOT'O IIITOKAa ¥ OKPY’KaIOIINX ero 0CaAKOB
B AHempoBCcKO-AOHEIKOM BnapnuHe [Mapmanes-
CcbKUM Ta iH., 2005]. CKOPOCTH B COAY U TIEPEKPHI-
BAIOIIEU OCAAOUYHOM TOAIIE IIPEAIIOAATAETCS aHU-
30TPOITHOM U ONTHUCHIBAETCS ITapaMeTpaMu ToMce-
HQ, IPeACTaBAeHHBIMU Ha PUCYHKe. OTH Iapa-

Puc. 7. AHu3oTponHasi rAyOMHHO-CKOPOCTHAs: MOAEAb BAOAb pa3pesa, IIepeceKarollero
TapacoBcku# IITOK B AHEIPOBCKO-AOHEIIKON BIIaAMHE.
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MEeTPHI IIOAYYEeHBI B Pe3yAbTaTe OOPabOTKU MaTe-
PHUANOB @3UMYTaABHOIO TPEXKOMIIOHeHTHOTO BCT1
B OAHOM U3 CKBa’KMH Ha MAOIaAU. [lepekphiBato-
II[e COAb OCAAKHU B IIPABOM YaCTU pa3pesa Xapak-
TePU3YIOTCSI HAKAOHHOM OChIO CHMMEeTPHU aHU30-
Tpomuu (@ =30°), a caMa COAb — BepPTHUKAABHOM
ocwio (¢p=0°).

[MTpeacTaBAeHHaAsI Ha PUC. 7 MOAEAD ITIOCAYIKU-
A& OCHOBOM AAST KOHEYHO-PA3HOCTHOTO pacyeTa CUH-
TETUYECKHUX CEMCMOTPaMM C IIOMOIITbIO0 KaHAACKO-
ro nakerta Tesseral-2D, KOTOpEIe 3aTeM UCIIOAB30-
BAAUCH AASL IOAYYEeHMs] CEHCMUYECKUX N300pake-
HUU C y4eTOM 1 0e3 yuyeTa aHU30TPOIINU CKOPOC-
Tel (puc. 8) [MapMaaeBcbkul Ta iH., 2005]. B cay-
Yyae U30TPOITHONM MUTPAIY UCIIOAB30BAAUCH BEP-
THUKAABHBIE CKOPOCTU B COOTBETCTBYIOIIUX IIAQC-
Tax. CelicMuueckoe n3o0pa>keHue Ha puc. 8, IIo-
CTPOEHHOE C y4eTOM aHU30TPOIINHY, IIOYTH ITIOAHO-
CTBIO COOTBETCTBYET MOAEAU. B To >Ke BpeMst 1300-
paskeHUe, UTHOPHUPYIOIllee aHU30TPOINIO, XapakK-
Tepu3yeTcs OOABIINMY UCKA)KEHUSIMU OTHOCUTEADL-
HO MOAEAU KaK 110 BepTHUKaAH, TaK U II0 AaTepa-
AH. AOKHEIE CMellleHUs F'PAHUL] 0COOEHHO CUAb-
HBI 1107 COASTHBIM KO3BIPBKOM, YTO BeChbMa KpH-
TUYHO AASI YCIIENTHBIX TIOMCKOB U Pa3BEAKM AOBY-
IIIeK yTA€BOAOPOAOB, 3KPAaHUPOBAHHBIX TAKUMU Ya-
CTSIMU COASIHBEIX TeA [TankuHa u Ap., 2014].

2. PaccMoTpyM TpOCTENININY CAyYali BEpTUKAAL-
HOM OCHM CUMMETPHUU aHU30TPOIIUHN U ITPEAIIOAO-
>KUM, UYTO UCIIOAB3YeTCs IIPaBUABHAS BEPTHUKAAD-
Hasl CKOPOCTB, TIO3BOASIIOIIAs BBIITOAHUTE IPABUAB-
HOe MO3UITUOHUPOBaHUe 00BeKTOB. OAHAKO AdKe
B TaKOM CUTyaIluy U300pa>keHue MOKeT ObITh IIAO-
X0 C(POKYCUPOBAHO, IOCKOABKY BEPTHKAABHAS CKO-
POCTB OTAUYAETCS OT CKOPOCTH CYMMUPOBAHUS U
IIO3TOMY CYMMHUPOBaHME CUTHAAOB OCYIIIECTBAS -
eTtcs HecuHda3Ho [Grechka, 2009]. B pe3yabTa-
Te IIOHW>KAETCS OTHOIIIEHNE CUTHAA-TIOMeXa U U300~
paskeHMe TepsieT pa3pelleHHOCTb, CTAaHOBSCH 00-
Aee "pa3MBITHIM.

CuHTeTHYeCKUe IIPUMephl, AMOHCTPUPYIOIINe
"pasMa3sbiBaHVe"” N300paKEeHNN U3-3a IINOXOU (hO-
KyCHUPOBKHY, BBI3BAaHHOU UTHOPUPOBAHMEM aHU30-
TPOIINM C HAKAOHHOM OCBIO CUMMETPHH, IIPUBEAE-
HBI B pabote [Vestrum, Vermeulen, 2004].

PesyabraT 60A€€e cMH(A3ZHOIO CyMMUPOBAHUSA
CUT'HAAOB IIPU OAYYEHUH CeMCMUYECKOTo U300-
Pa’KeHUs AeMOHCTPUPYETCS Ha pHUC. 9, rae oTueT-
AWBO BHAHA yAy4IlIeHHass (POKYCHPOBKA KPyTOHa-
KAOHEHHBIX OTP&KAIOIINX I'PAHULL U CTEHKH COAS-
HOTO IIITOKAa ITOCA€ aHU30TPOIIHOY Murpauu [Gray
et al., 2000]. ITpuurHa TaKOTO pe3yAbTaTa CTaHO-
BUTCSI IOHSATHOM ITIOCAE COTIOCTaBAEHMSI IIPHBEAEH-
HBIX Ha 3TOM JKe€ PUCYHKe HabOpOB Tpacc olle-
ro U300pa’KeHnd B YTAOBOM oOAacTH (angle doma-
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in common image gathers), mory4eHHBIX Oe3 yde-
Ta ¥ C y4eTOM aHU30TpoImu ckopocreid. [Tocae uso-
TPOIIHOW MUTPALA BUAHO TUIIMYHOE IIOBEACHTE

Puc. 8. CelicMudyeckue n300pa’keHHUs, IOAYUeHHEIE C
yueToM (a) u 6e3 yyeTa (0) aHU30TPONUU CKOPOCTEM
II0 CUHTETHYECKUM AQHHBIM, COOTBETCTBYIOIIUM MO-
AeAd, n300pakeHHOM Ha puc. 7.
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Puc. 9. CelicMuueckue n300pa’keHUsI OAHOW U3 IIPUIITOKOBBIX 30H, IIOAYUYEHHBIE
B pe3yAbTaTe M30TPOMHOM (a) M aHU3OTPOIHOM (0) MUIPAIlUM HAa OCHOBE OAHO-
CTOPOHHETO BOAHOBOTO ypaBHeHMs. CAeBa IPUBEACHBI OKOHUYATEALHBIE CEeMCMU-
yeckue M300pa’keHus], a cipaBa — HAOOPHI Tpacc 0O0lIero n300pa’keHusl B yTAO-
BOM 00OAACTU AAST TOYKU MTPOUASL, 0003HAaUEHHOM O6eAOU BEpPTUKAALHOU AWHUEH.
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Habopa Tpacc o011ero n300pa keHus, HallOMUHAa-
I0lllee XOKKENHYIO KAIOIIKY, B TO BpeMs Kak pe-
3yABTAT @HU30TPOITHOMN MUT'PALIH AEMOHCTPUPY-
€T 3HQUUTeAbHO OOAee BEIDOBHEHHEIE BO BpeMe-
HU OTPa’kKeHUsl.

ApyTUM IpUMepOM, AEMOHCTPUPYIOLIUM IIOBBI-
IlIeHNe OTHOIIIeHUsI CUTHAA-TIOMeXa U pa3pelleH-
HOCTH CEMCMHYECKOT0 U300pasKeHUS IIOCAE YUe-
Ta QHU3O0TPOIIMHU CKOPOCTEN, MOJKET CAYIKUTH yrKe
IIPEeACTaBACHHBIU PHUC. 6. 3AeCh BUAHO, KaK B pe-
3yAbTaTe aHU30TPOITHOU MUI'PAIIUM KapAUHAAB-
HO YAYYIIIUAOCE N300pa’keHre OTPAsKAOIINX I'Pa-
HUI] B IPUIITOKOBBIX X MEKIIITOKOBBIX OOAACTSIX.

3. BoaHOBBIE (DPOHTEI TPAAUITUOHHEIX P-BOAH
II0A BAUSTHHEM aHNU30TPOIINU MOTYT OTKAOHSTECS
He TOABKO OT ChepPB], HO U OT SAAUTICOUAA. DTO O3-
HaYaeT, YTO U30TPOITHAs MUTPAIUs B IPUHITUIIE
He MOJKeT aAeKBATHO M300pPa3uTh Pa3AUYHbIE Ha-
KAOHEI HQ OAHOM U TOM K€ pa3pese, IOCKOABKY
U300paskKeHNEe 3TUX HAKAOHOB TpeOyeT pa3AuyHbIe
HU30TPOIHBIE CKOPOCTHU. [TOCKOABKY Ha pa3pesax
OOBIYHO IPUCYTCTBYIOT KOH(PAUKTHEIE HAKAOHBI
(HampuMep, IlepecedyeHusI OTPAKEHUN U Hapyllle-
HUY, BBIKAUHUBAHUS TOPU30HTOB, IIepePhIBLL OT-
Pa’KEeHUHU y TPAHUL] COAIHBIX TEA U T. A.), UX U300-
PasKeHHs MOTYT OKa3aThbCs CMellleHHBIMU OTHOCHU-
TEABHO APYT Apyra. B pe3yabTare 3TO MOJKET IIPU-
BECTHU K HEIIPABUABHOU MHTePIIPETAIIUYN CEUCMHU-
yeckux AaHHBIX [Grechka, 2009].

[MTpruMepoM, ITOATBEPFKAQIOIINM IIPEUMYIIECT-
BO @HU30TPOITHOM MUTPAIUHU B TAKUX CAyYasiX, MO-
KeT CAYXKUTb TOT XKe pUC. 6. 3AeCh BUAHO, UTO
y4eT aHU30TPOIIUM CKOPOCTEN IIPUBEA K 3HAUU -
TEABHOMY YIIPOIIEeHUIO N300pakeHUs TPUILITOKO-
BBIX 30H, CAE€AAB UX OOAee reONOTHYECKU UHTED-
NIPETUPYEMBIMY, a TAK)KE ITIO3BOAMA ITIOAYUYUTH 3HA-
YUTEABHO OOAee BBIpAa3UTEABHBIE N300PaKeHUsA
IPaHUL] HITOKOB.

[ToCKOABKY IOAIPHAast aHU30TPOIMS CeNCMU-
YeCKHUX CKOPOCTEN MTOPOKAAETCS YIIOPSAOUEHHONU
TOHKOM CAOUCTOCTBIO, HAKAOH OCU CUMMEeTPUU aHU-
30TPONHNU B IIpPOIjecce MUTPAIUU AOAKEH COOT-
BETCTBOBATh HAKAOHY OTPa’KaroIux rpaxHul. Mc-
ITIOAB30BaHMeE aHU30TPOITHBIX MOAEAEN C BEPTHKAAL-
HOU OCBIO CUMMETPHUH IIPY CYILIECTBEHHO HAKAOH-
HOM 3aAeTaHUU CAOEB MOYKET 3HAaUYUTEABHO ITOHU-
3UTH 3 (PEKTUBHOCTE IIPOIIEAYP IIOCTPOEHUS CEVC-
MmyecKux uzobpaxkenuii [Huang, Yu, 2009; Bow-
ling et al., 2010; Epili et al., 2011; Ma et al., 2011;
Reta-Tang et al., 2011; Swanston et al., 2011; Zhang
etal., 2011; Zhou et al., 2011]. OTo AeMOHCTPUPY-
eTcs Ha puc. 10, rae BUAHO, UTO B Pe3yAbTaTe MUI-
panmu C HeaAeKBAaTHOM MOAEABIO CKOPOCTHOM aHU-
30TPOINY, IIPEATIOAaratollel BepTUKAABHYIO OCh
CHUMMETPHH, IIOA COATHBIM KO3BIPBKOM BO3HUKA-
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Puc. 10. Cericmudeckue m300pa’keHUsi, IIOAYUYEHHBIE
B MEKCHKaHCKOM 3aAMBe IIOCAEe IIPUMEHEHUs] MUrpa-
nuu B obpatHoM BpemeHu c VTI (a) u TTI (6) moae-
ABIO CKOPOCTHOM aHU3O0TPOIIUU.

eT 30Ha TeHu [Ma et al., 2011]. CoraacoBaHue Ha-
IIPABAE€HMS OCH QHU3OTPOIIMU C HAKAOHOM OTpa-
SKQIOIIUX I'PAHUT] IIO3BOAUAO YCIIEITHO YCTPAHUTD
5TOT HEAOCTATOK U 3HAYUTEABHO YeTde U300Pa3uThb
OTpa’Karolye TPAHUIIBI 102 KO3BIPBKOM U UX IIe-
PEPBIBEL BO3AE KDOMKHU COAM.

IMTpeumymectso TTI Hap VTI Mmopeabro Ipu Ha-
KAOHHOM 3aAeTaHUU OCAAOYHOM TOAIY IIOKA3aHO
Tak>ke Ha puc. 11 [Zhang et al., 2011]. B aTom cay-
4Jae UCIOAb30BaHHe OOAee PEAAUCTUYHOU MOAE-
AU @HU3O0TPONUU CEUCMUYECKUX CKOPOCTEN I103-
BOAHAO IIOBBICUTE KQ4eCTBO U300pa’kKeHus KPyTo-
HAKAOHEHHOU CTeHKHU COASTHOTO IITOKA U OTPaska-
FOIUX IPAHULL ITI0A MEKIITOKOBBIM “'MUHHUOACCEN-
HOM'".

OpanHako pake Oonee coBepiiieHHast TTI MopeAb
B HEKOTOPBIX CAYYAsIX IBASETCS HEAOCTATOUHO aAEK-
BaTHOU A 9(D(PEKTUBHOTO OIIMCAHU aHU30TPO-
MU CEUCMUYECKUX CKOPOCTEMN U IIOCTPOEHUS CEeNC-
MMYECKHUX N300pa’KeHUN B IIPUIITOKOBBIX 30HAX.
B Takux cUTyaruax oHa TpeOyeT AAABHEMIIIEro yC-
AOJKHEHUS U yCOBEPIIEeHCTBOBAHUS.

CoyetraHue MMOASIPHOH H a3UMyTaAbHOH aHH-
30TponHH. B mocrepHee BpeMs B CBA3U C BO3pa-
CTAIOIIUM HCIOAB30BAHUEM IIUPOKO- UAU AdJKe
IIOAHOA3UMYyTaAbHBEIX 3D HaOAIOAEHUM IIDU U3Y-
YeHUU NPUIITOKOBLIX 30H IIOIBUAACE HEOOXOAU-
MOCTh y4eTa He TOABKO IIOASIPHOM, HO U a3uMy-
TAABHOW aHU3O0TPOIIUU cCKopocTeli. Ee nmpuunny
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CBSI3BIBAIOT C YIIOPSAOYEHHON CUCTEMOU PAANAAD-
HBIX CyOBEPTUKAABHBIX TPEILIUH U PAa3AOMOB, I10-
PO>KAaeMBIX BO BMEIIAIOIUX IIOPOAAX POCTOM CO-
ASTHBIX AUAIIMPOB. B TOAB3y TaKOTO MeXaHW3Ma BO3-
HUKHOBEHUS a3UMYTaABHOM aHU30TPOIIUU CKOPO-
CTH FOBOPST CAEAYIOLIHE (PAaKTHL. Bo-IIepBBIX, BOA-
HBI C OTHOCUTEABHO MTOBBIIIIEHHOM CKOPOCTBIO, IT0Y-
TH HEUYBCTBUTEABHBIE K BAUSHUIO YIIOPSIAOUYEH-
HOM TPEIIUHOBATOCTY, KaK IIPaBUAO, PACIIPOCT-
PaHSIOTCSI HOPMAABHO K TPAHUIIAM COAM U ITapan-
AEABHO PAAVAABHBIM HAPYIIEHUSAM CIAOLIHOCTH
nopoa [Dewey et al., 2006; Shen et al., 2012; Tho-
mas et al., 2012; He et al., 2013; Wu et al., 2013].
B cBo1o ouepeab BOAHBI C OTHOCUTEABHO HU3KOU
CKOPOCTBIO, YyBCTBUTEABHBIE K IPUCYTCTBUIO Tpe-
IIVH, PaCIPOCTPAHSAIOTCS ITapaAAeAbHO (hAaHTaM
COAM U NIEPIIEHAVNKYASIDHO HapylieHusM. Bo-BTo-
PBIX, CTEIIEHb A3UMYyTAaABHOM aHU30TPOINH, XapakK-

Puc. 11. CelicMuueckue M300paKeHUs, IIOAyYEHHBIE
B MeKCHKaHCKOM 3aAWBe IOCAe IPUMeHeHMs] MUTpa-
nuu B obpatHoM BpemeHu c¢ VTI (a) u TTI (6) mope-
ABIO CKOPOCTHOM aHU3OTPOIIUU.

TI'eogpusuueckutll xyprnaar Ne 1, T. 37, 2015

Puc. 12. T'opu3oHTaABHBIN Cpe3 Kyba KOrepeHTHOCTU
CeNCMHUYEeCKOro M300pa’keHUsl, AeMOHCTPUPYIOMIUN
COASTHOM HITOK U OKpYJKalolllie ero papuarbHBIE Ha-
pYILIEHUS.

TEPUIYIOIAACs OTHOCUTEABHOM Pa3HULIEU CKOPO-
crel "ObICTPBIX" U “MeAAeHHBIX'' BOAH, BO3pacTa-
eT TI0 Mepe TPUOAMIKEeHHUS K TPaHUuIlaM COASTHO-
ro Teaa [Shen et al., 2012].

Puc. 12 AoeMOHCTPUPYeET MHOKECTBO PapUaAb-
HBIX HAPYLIEHUI BOKPYT COASTHOI'O IITOKA, XOPO-
1110 BUAUMBIX Ha TOPU30HTAABHOM Cpe3e Kyba Ko-
TEPEHTHOCTH CeMCMUUeCcKOoTo n3o0paskenus [Ger-
sztenkorn, Marfurt, 1999]. Kak npasuao, BOAU3U
COASTHOTO TeAd OHU OPTOTOHAABHBI KOHTYPY AUa-
nmupa. [lo Mmepe ypareHHsT OT TPAHUIIEI COAU He-
KOTOpPBIe HapyIlIeHNs CUABHO UCKPUBASIIOTCS, 3Ha-
YUTEABHO OTKAOHSSICH OT IePBOHAYAABHO PaAM-
aABHOTO HallpaBAeHUs. Takoe IIOBeAeHNMe Hapy-
LIIeHUM BOKPYT COASIHBIX IIITOKOB OTMeYaeTcs U Ha
Apyrux naomiapax [Thomas et al., 2012; He et al.,
2013].

HamomMHMM, 94TO OAHOPOAHAS CpeAd, HapyllleH-
Hasl CUCTeMOM YIIOPSIAOYEHHBIX BEPTUKAABHBIX TPE-
IIIMH, YCIIEITHO IPEACTaBASIETCS TPAHCBEPCAABHO
U30TPOITHON MOAEABEO C TOPU30HTAABHOU OCHIO CHIM-
MeTpuu (horizontal transverse isotropy, HTI) u co-
OTBETCTBYIOIIUMU IapaMeTpaMu ToMmceHa [Thom-
sen, 1993]. B cBoIO 0uepeab, CBOMCTBEHHOE OKPECT-
HOCTSIM COASTHBIX IIITOKOB COUeTaHNe TOHKOU CAO-
HUCTOCTY OCAAOUYHOM TOAIIY C YIIOPSAOYEHHOU CUC-
TeMOU BEPTUKAABHBIX TPEIHH, TapaAeAbHBIX T1a-
AEHHIO IIOPOA, TIOPOJKAAET OOAee CAOSKHYIO aHM30-
TPOIMIO CKOPOCTEHN, XOPOIIO ONUCEIBAEMYIO OPTO-
pombuyeckol Mopeabto [Grechka, 2009]. I'Tpocrt-
paHCTBeHHAas OpUEeHTalVd TpeX MAOCKOCTeN CUM-
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METPUHU TaKOM aHU30TPOIINU OIIPEAEASIETCS a3h-
MYTOM IIaA€HUSA ¥ HAKAOHOM OCAAOUYHBIX IIOPOA,.

OpropomOuuecKast MOAEAB ONMCHIBAETCS OOAB-
IIIMM KOAWMYECTBOM IIapaMeTpOB, 4eM CyMMa I1apa-
MeTpoB cooTBeTcTBYIOoMX HTI 1 TTI Mmopeneit. [o-
3TOMY OIleHKa ITapaMeTPOB HAaKAOHHOM OPTOPOM-
Onueckol (tilted orthorhombic, T-ORT) rayousHo-
CKOPOCTHOM MOAEAH SIBASIETCSI CEPhe3HOU U TPY-
AOeMKOM 3apauelt [Birdus et al., 2012], koTopas He
BCceTAa peliraercs ycrouuso [Jenner, 2012]. Oa-
HaKo 0e3 ee YCIIeITHOIO pellleHus U300pakeHusI
KPYTOHAaKAOHEHHBIX CTEHOK IIITOKOB U IIpUAeTa-
IOIIUX TPAHMII, a TAK’Ke Pa3A0OMOB B OKPECTHOC-
TH IITOKOB, MOTYT OBITH CUABHO HUCKa’keHBI. DTO
JKe OTHOCUTCH K IIPUBA3KE CEMCMUYECKUX U300-
pasKeHUM K CKBaKUHaM. [ IpopeMOHCTpUpyeM Ipe-
HUMYIIECTBO OPTOPOMONYECKOU MOAEAN aHU30TPO-
MU Ha CAEAYIOIIUX NIpUMepax.

Puc. 13 mo3BoAsieT cOOCTaBUTH N300pasKeHUs
KPOBAU OAHOTO U3 COASTHBIX TeA B MeKCUKaHCKOM
3aAUBe, IOAYYEHHBIE C HUCIIOAB30BAHUEM CKOPOCT-
HbeIX Mopeaer TTI u T-ORT [Thomas et al., 2012].
ITocae Murpamuu ¢ OpTOPOMOUUYECKON MOAEABIO

Puc. 13. CelicMuueckue H300pa’keHUs, NOAyYEHHBIE
co ckopocTHeIMU MopeassmMu TTI (a) u T-ORT (6) B
MeKCcHKaHCKOM 3aauBe. TpaeKTopus CKBaKUHBI 000-
3HaueHa BEepPTUKAAbHOU AuHHMed. OTKAOHeHUus o0oux
1300pa’keHUM OT MapKepa KPOBAU COAM B CKBa’KUHE
(ropu3oHTaAbHAs AMHUSA) [IOKa3aHBl B YBEAUUYEHHOM
Macmrrabe. OHu paBHEL 20 U 8 M mocAae Murpanum c
mopeasmu TTI u T-ORT cooTBeTCTBEHHO.
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n300paskeHnEe KPOBAM COAU CTAHOBUTCS OOAee pe3-

KHM, a TaK>XKe Aydllle IIPOCAEKHUBAETCS Ha CKAO-

HaX ¥ IIOA HapYILIEHHON pa3AoMaMu 30HOuU. [Toc-

Ae murpanuit ¢ mopaeasmu TTI u T-ORT omubru

NIPUBSA3KU N300Pa’)KEHUU K CKBAa)KUHE COCTABAS-

10T 20 1 8 M COOTBETCTBEHHO. DTO CBUAETEABCTBY-

€T O Ay4IlleM COOTBETCTBUU HAaKAOHHOM OPTOPOM-

OUYEeCKOM MOAEAU PEAABHOMY IIOBEAEHUIO CKOPO-

CTH B IIepeKPHIBAIOIINX COAB OCAAKAX.

Ha sroi1 e nmaomaau o6e pacCMOTPEHHBIE MO-
AeAU CKOPOCTHOW @HU30TPOIMHU UCIIOAB30BAAUCH
IIPU NOCTPOEHUM N300Pa’KeHUU ITIOACOAEBBIX U
Me>KCOAEBBIX OTpaskarolmx rpaHul] [Thomas et
al., 2012]. Pe3yabTaTel MUTrpaliii B 0OPaTHOM Bpe-
MEHU AASI ABYX THIIOB @HU30TPOIINHU IIPEACTaBAE-
HBI Ha puc. 14 B ABYX OPTOTOHAABHBIX HAIlpaB-
AeHUgX. Baaropaps UCIOAB30BaHUIO OOAee pea-
AUCTUYHOU OPTOPOMOUIECKOU MOAEAU aHU3OTPO-
NINH CKOPOCTEN YAAAOCH AOCTUUB Aydllled (DOKY-
CHUPOBKM U ITIPOCAEKMBAEMOCTH OTPasKaloIIMX I'pa-
HUII KaK II0A COASTHBIM KO3BIPBKOM, TaK M B MeJK-
COAEBOM IIPOCTPAHCTBE, MHTEHCUBHO HaPYIIEHHOM
pa3AoOMaMH.

E1tie opuH mpuMep, ITO3BOASIIOIINM COIIOCTaBUTD
s¢ppexTrBHOCTD UcnioAb30BaHus TTI 1 T-ORT mo-
AeAell CKOPOCTHOM @HU3O0TPOINIMHU IIPU IOCTPOe-
HUU CEMCMUAYECKUX N300paKEeHUM Ha ADYTOM y4a-
CTKe B MEeKCUKAaHCKOM 3aAUBE, AEMOHCTPUPYET
puc. 15 [Wu et al., 2013]. Kak u B IpeaAbIAyIIEM
CAy4ae, MUI'palusa B OOpaTHOM BpEMEHHU C DoAee
PEearuCTUYHOM OPTOPOMONYECKOU MOAEABIO CKO-
POCTHOM aHU3O0TPOIINH ITI03BOAUAA 3HAUUTEABHO
VAYUIIUTH KQYECTBO CEMCMUYECKOTr0 N300pasKeHUs
B IleAOM. B yacTHOCTH, 3TO IPOSBUAOCE B
— Ayulie¥ (POKyCHUPOBKe U IIPOCAEKUBAEMOCTHA

BepXHeU IPaHUIBI COATHOTO KO3BIPBKA, OCO-

OeHHO IIPU KPYTHIX HAKAOHAX;

— YIIPOIIeHUU CTPYKTYPhl HUJKHEN IPAHUIIEL CO-
ASIHOTO KO3BIPBKa (OHA cTara 6oaee MOHOTOH-
HOM);

— Ayullleld (POKYCUPOBKE U IIPOCAEKUBAEMOCTHA
TIOACOAEBBIX OTPa’kaloIUX TPaHUII.

B 3akAtOUeHMe CAeAyeT TaKyKe OTMEeTHUTH CIle-
nuduiyeckoe BAUSHUE CUCTEMB] YIIOPSIAOUEHHBIX
TpeIllluH Ha CeliCMuYeCKHUe N300pasKeHus, TIOAY-
YeHHBIE C IIOMOIIBI0 OOMEHHEBIX ( PS) BOAH. OTH BOA-
HBI BCe OOAee IIMPOKO UCIOAB3YIOTCS Ha IIpaK-
THKe, IOCKOABKY OHHU ITO3BOASIOT PellaTh BaK-
HBIE 3374, C KOTOPBIMU "4UCTBIe" P-BOAHBI CIIPa-
BUTHCA He MOryT [Stewart et al., 2003]. Ecau S-
BOAHA, 0Opa3oBaHHasA B pe3yAbTaTe oOMeHa Ha
rpaHUlle, IPOHUKAET B 30HY YIIOPSIAOUEHHOM! Tpe-
IIMHOBATOCTHU U BEKTOP ee MOASIpU3aliM He Ia-
PasneAeH U He IIepIeHAUKYAIPeH IAOCKOCTH Tpe-
IIIMH, OHA PaCIIeNAsIeTCs Ha ABE COCTaBASIOIINE
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Puc. 14. Pe3yabTaTel MUTpaliiu B OOPaTHOM BpeMeHHU B
MeKCHKaHCKOM 3aAMBe B HAlIPpABA€HUU MHAAWH CO CKO-
poctabiMUu Mopeasmu TTI (a) u T-ORT (6) u B Hampas-
AEHUU KPOCCAAMH CO CKOPOCTHBIMU Mopeasmu TTI (B)
u T-ORT (r). Coab 0b603HaueHa O0Aee TEMHBIM LIBETOM.

TI'eogpusuueckutll xyprnaar Ne 1, T. 37, 2015

— OBICTPYIO U MepreHHYIO [Martin, Davis, 1987].
I'Tpu aTOM OBICTPas BOAHA MOAIPU30BAHA B IIAOC-
KOCTH, TTapaAAEABHOMU TpellInHaM, a MEAAEHHAST —
[IePIIEHAUKYASIPHO el. [ToCKOABKY OhICTpast S-BOA-
Ha IIOYTY HEUYBCTBUTEABHA K IIPUCYTCTBHUIO Tpe-
LIIMH, IleAeco0Opa3Ho UCIIOAB30BaTh ee, a He pa-
AVIaABHYIO KOMIIOHEHTY AASI IIOCTPOEHUS CeCMU-
YecKUX U300paskeHmni ¢ MoMOITIbio PS-BoAH. Takol
TIOAXOA, YCTPaHsSIeT NCKasKalollee BAUSHUE a3uMYy-
TaAbHOM 3aBUCUMOCTU CKOPOCTH B Ka’KAOM TOY-
ke [Loinger et al., 2002] 1 TeM caMbIM AOIIOAHHU-
TEeABHO CHUJKaeT IIPOCTPaHCTBEHHEBIE BapUallun
CKOPOCTHOM MoAeAu. M3o0parkeHns Ha ObICTPOU
PS-BoAHE B pe3yabTaTe Aydllei OKyCUPOBKH Xa-

Puc. 15. Cericmuueckue nu3oOpa>keHus, HOAyYeHHbIE CO
ckopocTtHbEIMU MopeasiMu TTI (a) u T-ORT (6) B Mek-
CHKAHCKOM 3aAuBe. UepHBIMU IIYHKTUPHBIMU AMHUS-
MU 00O3Ha4YeHbl TEKTOHUYECKUe HapYILIeHUs, a CTPeA-
KaMH M SAAUIICOM — MeCTa yAyYLIeHUs U300pa’keHus
nocae murpanuu ¢ T-ORT CKOPOCTHOM MOAEABIO.
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PakTepusyroTcsi 60Aee BEICOKUM pa3pelleHneM 1
OTHOIIIeHWeM curHaA-TioMexa [Granger, Bonnot, 2001;
Statilo et al., 2012]. Kpome ToOTro, Ip¥ TaKOM TIOA-
XOA€ CHHUYKAIOTCS IPOCTPAHCTBEHHBIE BapHaliu
AMIIAUTYA OTPA’KEHUH, 3aBUCSIIHIE OT OPHEHTAITUN
CHCTeMbl HADAIOAEHUSI OTHOCUTEABHO HallpaBAe-
Hu4 npoctupanud Tpemud [Mueller, 1992; Grech-
ka, 2009].

BeiBoABI. HapesxHOE KapTUpOBaHNE pa3Anyd-
HBIX TUIIOB AOBYIIIEK YTA€BOAOPOAOB, CBSI3@HHBIX
C COASTHBIMHU TeAaMU, HeBO3MOYKHO 0e3 IoCTpoe-
HUS aAE€KBATHBIX CEUCMUUYECKUX N300pa’keHu .
Ycnex 3ToM onepanuu 3aBUCHUT, B YaCTHOCTH, OT
IIPaBUABHOTO TTOADOpPa CKOPOCTHOU Moaean. Hau-
OoAee pacpoCTpaHEHHBIM METOAOM ITOCTPOEHUS
CKOPOCTHOM MOAEAU B HaCTOsIIee BpeMs SIBAIET-
cs AydeBas ToMorpadust. OAHAKO B YCAOBUSAX IIAO-
XOM "0CBellleHHOCTH ' TPaHUIl U HU3KOT'O OTHOIITe-
HUS CUTHAA-TIOMeXa B IIOACOAEBOU TOAIIlE UHOT-
2@ Aydiile paboTaroT MeTOABI, OCHOBAHHBIE Ha CKa-
HUPOBaHUU CKOPOCTEeMN U BPeMeHHBIX 3aAeprKeK
u300pa’keHus, a MpU Pe3KUX CKOPOCTHBIX Bapu-
aIUsX, CBSI3aHHBIX C IIPUCYTCTBUEM COAH, — Me-
TOABI, OCHOBaHHbBIE Ha TOAHOBOAHOBOM MHBEPCUM.

BaskHYIO POAB ITPY TIOCTPOEHUU CEMCMUYECKUAX
M300payKeHNN UTpaeT OlleHKa U y4eT aHU30TPOIINU
cKopocTel. IrHOpupoBaHUe UAU HEIIPABUABHBIN
y4eT 3TOro (peHOMEeHa IIOPOKAQET
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Adequate velocity model as a basis for effective seismic
imaging when mapping hydrocarbon traps associated
with salt domes

© O. M. Tiapkina, Y. K. Tyapkin, O.I. Okrepkyj, 2015

This paper is the second one in a series of tutorials on the usage of modern migration me-
thods for seismic imaging in areas of intense salt tectonics. In the paper, it is shown the impor-
tance of building an adequate velocity model for effective seismic imaging and subsequent map-
ping of hydrocarbon traps associated with salt domes. To solve this problem, ray-based tomo-
graphy, delayed imaging time scans and full waveform inversion are successfully used. More-
over, the paper shows the importance of evaluating properly and taking into account velocity
anisotropy when making seismic images. This is demonstrated with real seismic data obtained

in areas of heavy halokinesis.

Key words: salt dome traps, seismic images, seismic migration, deep-velocity model, polar
velocity anisotropy, azimuthal velocity anisotropy.
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