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AnHotanusi. CoBpemeHHas celicmMopasBenka Ha mnosepxHoctu (CII) 3D
o0ecrieunBaeT MOCTPOCHUE HAJEKHBIX M300paKEHUHN Cpebl, OLIEHKY CTPOCHHUS
U MHOTJAa MPOAYKTHUBHOCTBH TOJICTBIX CJIOEB ISl CYOTOPU30HTANBbHBIX CPEIl C
paspemieHHOCTBIO  15-30 meTpoB. Hwu3kas paspemeHHOCTs W OTCYTCTBHE
NeTalbHOM MOJEIM Cpellbl HE TO3BOJSIOT YBEIUYUTh HWH(GOPMATUBHOCTD
celicCMOpa3BeKU Ha MOBEPXHOCTH, OCOOEHHO C HCIOJIb30BAHUEM MOMEPEYHBIX
BOJIH. HE00X0IMMOCTh CYyII€CTBEHHOTO MOBBIIIEHUS PAa3PEIIEHHOCTH AUKTYETCS
NOTPEOHOCTSIMU HEPTIHOM OTpaciy B JAETaTU3alMU MOJAENEeH MPOTYyKTUBHBIX
IUTACTOB JJIsl U3BJICUEHUS OCTATOUHBIX 3a11acOB HEPTH.

[Tpoananu3upoBaHbl  OCOOCHHOCTH, pa3BEJOYHBIE BO3MOXXHOCTH U
orpannuenust metosioB BCII, TUC u CII. Pa3senounbsie Bo3moxkHoctu BCII
OLIEHEHBI KaK MPUHIMNHAIBHBIE orpaHuyeHHbIe. [loBbiIeHne 3P PeKTuBHOCTU
CII orpannuuBaeTcsi HEONPEAECICHHOCTHIO CKOPOCTHON MOJIEIH.

[Ipensioxkeno  coBmectutrh npeumymectsa BCII u  CII  nyrem
UCIIOJIb30BaHUsI  TpexMmepHbix cucteM Habmonenus (3D+BCII).  nsa
peanu3aluy MPeuMyIlecTB METO/Ia PEKOMEHIYETCS UCIOIb30BATh TEXHOJIOTHIO
MO/ieJIb-0a3upoBaHHOM 00paboTku, mpumeHsieMon npu BCII.

Abstract. Up to date 3D seismic exploration on the surface (SES) provides
reliable images as well as estimations of productive layer structure and
sometimes productivity of thick layers in subhorizontal media with resolution of
15-30 m. Low resolution and absence of detailed velocity model limit efficiency
of SES especially with the use of shear waves. The significant increase of SES
efficiency is necessary for more detailed models of productive layer while
extracting the residual oil deposits.

Resolution power, special features and limitations of VSP, LOG and SES
were analyzed. VSP is estimated as fundamentally limited while investigating



near-borehole space. Higher efficiency of SES cannot be achieved unless more
detailed and reliable velocity model is available.

It is proposed to combine advantages of VSP and SES with 3D acquisition
geometry (3D+VSP). The advantages of this technology may be amplified with
application of model-based iterative vector processing approach developed in
VSP.

1. Ceticmopazgedxka Ha NOBEPXHOCMU — COBPEMEHHOE COCMOIHUE

CoBpemeHHas celicMopasBenka Ha moBepxHoctH (2D m 3D) sBisercs
BEIylIEH W YCIEIIHOW TEXHOJOTHeH, KOoTopas oOecrnedynBaeT MOCTPOSHHUE
HEMPEPBIBHBIX MOJEIECH T'E€0JIOTHYECKUX CpPEl, COJIEepXKAIIUX MPOAYKTHUBHBIC
TJIACTHI.

B  MaccoBoM mnOpuMEHEHHH ~ BbICOKOKauecTBeHHble cbeMku  CII
00€eCIeuynBalOT OTYETJIMBBIE HW300paKEHUS CyOTrOpU3OHTAIBHBIX Cpel ¢
PE3PEIICHHOCThIO, 00ecIeunBaeMoOi 4acTOTHBIM Juamna3oHoM 10 ~100 ', uro
coOoTBETCTBYET 15-30 M B 3aBUCMMOCTH OT CKOPOCTHBIX XapaKTEPUCTUK pa3pe3a.
Jlnst Takux cpen MOryT OBITh CHEJaHbl TOJIE3HbIE OLEHKH (DU3HMUYECKUX
MapaMeTPOB TOJICTHIX IJIACTOB, CBSI3AHHBIE C COJEPKAHUEM YIIIEBOAOPOAOB.

2. Ilompebrocmu nepmsanou npoOMbIUIEHHOCU Ce200HA U 3A6Mmpa

Mecropoxaenuss HedTH U raza pacnoyioKEHbl B OrPaHUYECHHOM
yanazoHe TiayOuH B ocalouHbIX OacceiiHax. [loaromy WX moTeHUUMaIbHBIE
3amachkl OIPAaHUYEHbI, @ TEMIIbl W3BJIEUEHHUS YIJIEBOJOPOJOB YBEIMUYHBAIOTCS
€XKErogHO BMECTE€ C OBICTPBIM POCTOM SKOHOMHUK pPa3BUBAIOLIMXCS CTpaH.
CreneHp pa3BeJaHHOCTH OTHOCHUTEJBHO JIETKOJOCTYIHBIX TEPPUTOPHUIl TAKOBA,
4YTO B IIOCIIEHHUE TOJbl IPAKTHYECKHM HE BBIABISIIOTCS HOBBIE KpPYIHBIE
MECTOPOKACHUS.

Ha otHocuTenbHO  HEOONBIIMX  MECTOPOXKACHHUSIX B  CIOXKHBIX
CEMICMOre0JI0rMuecKUX YCIOBUSIX TpeOOBaHUS K JETAIbHOCTH M TOYHOCTH
U3y4YeHUs TPOAYKTUBHBIX IIJJACTOB JUJISI  CO3JAHUS  PALMOHAIBHOM H
HYKOHOMUYHOU CXEMBI pa3pabOTKH PE3KO BO3PACTAIOT.

AHanoruynbsie TpeOOBaHUS BO3HHMKAIOT MPU HEU30EKHOM OOpalIeHUU K
OCTaTOYHBIM 3alacaM Ha CTApbIX MECTOPOXKACHUSIX. MOXKHO YBEpPEHHO
npeackaszatb, 4YTO POJIb 3TUX OCTATOYHBIX 3amMacoB OyAeT BoO3pacrarh, a
NOTPEOHOCTh B TMOBBILIEHUM JETATbHOCTM M TOYHOCTH MX M3yUYCHUS
CEMCMOPA3BEIKON HE UMEET IPAHULL.

[Ipobnemy MOYKHO chopMyHpoBaTh CIEAYIOITUM obpazom:
ceiicMopa3Be/ika, 00JaAaroiasi HIHEIITHUM MOTEHIUAIOM HH()OPMATUBHOCTH,
MOJKET OKa3aTbCs HEBOCTPEOOBAHHOM NpPU PEIICHUU 3a/ad M3yYeHUs MEJIKUX
3QJIEKEN U JIOU3YUECHUSI CTAPBIX MUIOMIAICH.

3. BCII, TUC u ceiicmopaszseoxa na nogepxnocmu (CII) — npeumywecmsa,
HeOoCmamKu U 02PaHUu4eHUs.



Cospemennbie texHosorun ['MC mnpenctaBisitoT  coOOM  KOMILIEKC
METONOB M3YYEHUS TE€OJIOTUYECKHX CPEd, BCKPBITBIX CKBaXXUHOH, C
UCIOJIb30BaHUEM (u3MYecKuX mojiel u paauanuu. OCHOBHBIM OTJIMYUEM OT
cericmMopa3Benku Ha mnoBepxHocth u  BCII  sgBisiercss  pacnoioxkeHue
MIPUEMHHUKOB U UCTOYHUKOB B CKBOXXMHE BHYTPH H3ydaeMbIX nopon. Komrmieke
['IC B oTniMune OT celicMOpa3BEAKHU SBIIAETCS aIE€KBATHBIM 3aJa4aM H3y4YCHHUS
MPOAYKTUBHBIX IJIACTOB Kak Mo MH(OPMATUBHOCTH, TaK U MO Pa3peIICHHOCTH.
Pa3pemennocts I'C He xyxe 10-20 cm.

Henocratkom kommiekca mo otHomeHuto k CII u BCII sBusercs
NPUHLIUNHAIbHAS HEBO3MOXKHOCTh W3YUYEHHS] MU3MEHEHUH CTPOCHUSI Cpelbl B
OOKOBBIX HaINpaBleHUsAX. TakuM 0O0pa3oM, C TOYKH 3pEHHS H3yUYEHHUS
mecropoxacHus, ['MC sBasercs MeETOAOM aJeKBaTHOIO JHCKPETHOIO IIO
IJIOIIAIM U3YYEHHUS] TEOJIOTMYECKOTO pa3pe3a U B TOM YHUCIE MPOTYKTUBHBIX
IJIACTOB.

CeiicmopasBesika Ha mnosepxHoctw B oriauuve or I'MC Boccosmaer
HEMpEephIBHBI  O00BEMHBIN 00pa3 H3y4yaeMbIX CpeJl M B  YacCTHOCTH
MPOJYKTUBHBIX TIacToB. [IpuHnunuanbHoi ocoOeHHOCTRIO U cinabocThio CII
SIBJISIETCS. AMCTAaHLIMOHHOE U3yueHue 00BEKTOB HccieaoBanus. HeonHopoaHoCTh
Cpellbl MCKa)kaeT OTKJIMKM H3Y4YaeMbIX IUJIACTOB Ha 30HAMPYIOUIUMN CHUTHAIL
JleTanbHOE M TOYHOE 3HAHUE BCEX HEOJHOPOAHOCTEW Cpellbl HAa MYTH Jiyda OT
MCTOYHHKA K OOBEKTY U Jlajiee K MPUEMHUKY SABJISIETCS] HEOOXOIUMbBIM YCIIOBUEM
YCHEIIHOTO0 H3y4YeHUs TIIIyOMHHBIX 00bekToB. [lo aHamoruu, Hampumep, C
pPaZOBOJIHAMU, MOKHO YTBEPKJIATh, YTO HEOJHOPOJHOCTh (KMYTHOCTB») CPEIbI
MPUBOJUT K OTPAHUYEHUIO MOJIE3HBIX CUTHAJIOB IO BEPXHEHN 4acTOTe.

Ha coBpeMeHHOM 3Tame pa3BUTHUS CIIOCOOOB HM3YUYEHHsS] U KOMIICHCAIUH
HEOJHOPOJAHOCTEHM TMPOMEKYTOUYHOU CpEAbl PEAIbHBIA CHEKTP IOJE3HbIX
cericmuyeckux curHanoB B CII orpanudeH B OOJILIIMHCTBE CIIy4acB 4acTOTOM
okouio 100 I', a pa3penieHHOCTh COCTABIIAET B JiydlieM ciaydae 15-20 meTpoB.

BeprukaneHoe CEHCMUYECKOE npoduirpoBaHue SIBIIAETCS
MPOMEKYTOUYHBIM METOJIOM, C HEKOTOPHIMU OTPaHUYEHUSMU O0JIaIal0IINM
cBoiictBamu kak ['MIC, Tak u CII. [IpueMHUKHU (MM UCTOYHUKU B OOpAIIEHHOM
BapuaHTte), kak u B Merogax ['MIC, pacnonoxeHbl BHyTpU Cpeabl U 00JacTh UX
pa3MelleHrss OrpaHu4YeHa CKBaXMHOM, a WCTOYHUKMA (WJIM TIPUEMHHUKUA B
oOpaIleHHOM BapuaHTe) MOTYT pacrojiararbes B JIt0OON TOUKE Ha MOBEPXHOCTH.

bnarogapss stum cBoiictBam, BCII Moxer oOecrneunBaTh JI€TAIbHYIO
(comoctaBumyto ¢ ['MIC) pa3pelnieHHOCTh MpU U3YUYCHUH pa3pesa B Oiukanien
OKpECTHOCTU CKBakMHbI. JlokazanHas pazpemeHHocts (BCII-JIOI') cocraBnser
nepBble eAMHUIBI MeTpoB. [lpu m3yueHun cpeasl Ha ynaneHusx 10 25% ot
rnyounbl oObekta BCII obecneunBaer u3ydeHue paspe3a € JE€TalbHOCTBIO,
BO3MOXXHO B 2-3 paza Oouiee Bbicokoii, yeM nipu CII. OgHako OpUHIMINATBHBIM
HeycTpaHuMbIM _HenocTtaTkoM  BCII npu  M3ydYeHUM OKOJIOCKBAXKMHHOTO
IPOCTPAHCTBA SIBJISIETCS HECUMMETPUYHOCTh CHCTEM HAOMIOACHMS, YTO
MPUBOJUT K HEYCTPAHUMBIM MOTPEUIHOCTSAM MPU KOMIIEHCALIUU aAMILTATYIHBIX




UCKQXEHUW, CBSA3aHHBIX C pa3IMuydeM VrjioB OOJydYeHHS TpaHUull, H
HEBO3MOXHOCTH JOCTATOYHOI'O OCJIA0JICHUS KPATHBIX BOJIH.

Ucnons3zoBanue aanubix ['MIC u BCII Ha sTane uHTEpnpeTanvy JaHHBIX
CII no3BoJisieT 0caaduTh BIUSIHUE OTPAHUUCHHOM pa3peIieHHOCTH U OTCYTCTBHE
JETAIBHBIX CBEJACHUW O CKOpPOCTSIX, HO 3TH BO3MOXKHOCTH IPAKTUYECKU
VCUEPIIaHbl, OCTABJSAA CHUTYAI[MI0 HA JIOCTUTHYTBIX YPOBHSX JETaJbHOCTH H
TOYHOCTH.

4. Tpexmepnvie cucmembl HAOMOOEHUU — NPUHYUNUATbHOE PACUUpPEHUE
sosmoorcnocmeit CI1

Ha »rtane wu3ydyeHMs JAETAJBHOIO CTPOCHMS pe3epByapa C IENbIO
JIOM3BJICYEHUSI ~ OCTAaTOYHBIX  3allaCOB  YIVIEBOJOPOJOB  Ha  ILJIOMIAJIU
UCCIIEJOBAaHUM MMEETCSl 3HAYUTENIbHOE KOJUYECTBO IITyOOKHMX CKBaxuH. Eciu
npu 00paboTke HazeMHOM cbeMKH 3D Bce BO3OYXKIACHUS PETUCTPUPYIOTCS
OJTHOBPEMEHHO B OJHOW WJIM HECKOJBKHX CKBO)KMHAaX, BO3ZHHUKAET TPEXMEPHAs
cucrema HabOJoIeHui, KoTopas HazBaHa aBTopoM 3D+BCII B cuity HemosiHOro
HACBILICHUSI BEPTUKAJIBHOTO M3MEPEHUs (TOJBKO B CKBa)KMHAX). JTa CHCTEMa
IIO3BOJISIET CKOppeKTupoBaTh JBa Hexocratka CII — oOTCyTcTBHE TOYHBIX
CBEJICHUI O (opMe curHaga v OTCYTCTBUE HH(OpMaIMK O pacnpeeseHUuu
MCTUHHBIX CKOPOCTEH MPOJOIBHBIX U NONEPEYHBIX BOJIH B H3y4aeMOM CpeJie.

[Ipaktaeckoe ompoboBanne chemok 2D um 3D ¢ omHOBpeMeHHOM
perucrpauveid JaHHBIX B INIYOOKOW CKBaXMHE MPOJAEMOHCTPUPOBAIO 00a
NPEUMYIIECTBA TPEXMEPHBIX CHCTEM HaOmoJaeHud. Perucrpanuss nogHOM
dbopmbl Majaromeld BOJHBI B CKBaXUHE TMO3BOJSET BBIPOBHATH YCIOBUS
BO30YXKICHMs, a pEerucTpaiuss BpEMEH I03BOJSET YTOYHUTh CKOPOCTHYIO
MOJIEJIb U PACCUUTATh CTATUYECKHE ITOIIPABKH, B TOM YHMCJIE UX HU3KOYACTOTHYIO
KOMITOHEHTY.

IIpy HCNONB30BaHMM MHOTOTOYEYHBIX 30HJOB, OXBAaTHIBAIOIINX BCHO
CKBO)XHHY, MOSBIISIETCS BO3MOXXHOCTb OLICHUTh pAaCIpENEICHUEe HWCTUHHBIX
CKOPOCTEN NPOJOJIBHBIX M MOINEPEYHBIX BOJH B CPEAE U NMPUMEHUTH CHCTEMBI
KOMITEHCALIMA «MYTHOCTH» CPEJIbI 111 COXPAHEHUS BBICOKHX YaCTOT.

5. Mooenv-b6azuposannas 0opabomrka OaHHvIX
B merone BCII, obecnieuenHoM uH(MOpMaIue UCTUHHBIX CKOPOCTEH B
HEKOTOPOM O00BEME B OKPECTHOCTSIX CKBaXHHBI, pPa3pabOTaHbl METOIbI
UTEPATUBHOM MOJEIb-0a3UPOBAHHON BEKTOPHOU OOpPaOOTKU-UHTEPHPETAIUH.
OCHOBHBIE MMOJOKEHUS ATOTO MOJIX0/1a 3aKII0YAIOTCS B CIIETYIOLIEM:
- CMBICT OOpabOTKH-UHTEPIPETAIIMN 3aKII0YaeTCsI B MaKCHMAaJbHO
MTOJTHOM PEIICHUH OOpaTHON JMHAMUYECKOW 3a1a4H,
- uTepaTuBHas 00pabOTKa-UHTEpIpeTalns O3HadaeT, 4To o0paboTKa
BEJIETCSI B paMKax HEKOTOPOro HAa4YaJbHOTO MPUOIMKEHUS K MOJEIH,
KOTOpasi yTOYHSIETCS Ha KaXJOM UWTepaTuBHOM miare. Hrepanuu



3aKaHYMBAIOTCS, KOT/Ia HA MOCJIEIHEM IIare He MPOUCXOAUT 3HAYUMOTO
WU3MEHEHUS MOJIEIIH,

- BEKTOpHas MWIpalMs BBINOJHIETCA KaK TpexiiaroBas mpoleaypa:
BEKTOPHOE MPOJOJDKEHHE BOJIHOBOTO IMOJS BHYTPb CpEIbl —
IIPOCTPAHCTBEHHAS CEJIEKIUS BOJIH IO CKOPOCTSIM — UHBEPCHUSI JTyYEBOTO
YPaBHEHMS B KaXKJI0U TOUKE CPEIbI,

- 3amadeil oOpabOTKH SBISIETCS Pa3fioKEHHWE BOJHOBOTO TONS Ha
pEryJIApHBIE TIOJIE3HBIE BOJIHBI PA3JIMYHBIX THUIIOB, PETYISIPHBIE IIOMEXH,
rapMOHUYECKHE U CIIy4alHbIE TIOMEXH.

6. Bb1600b1

CoBpeMEHHOE COCTOSIHHME 3allacoB M TEMIIOB AKCIUTyaTalMl He(TSHBIX
MECTOPOXKICHUM CTAaBUT Ha IMOBECTKY JHS HEOOXOIMMOCTb CYILECTBEHHOT'O
MOBBIIIECHUS PAa3pEIICHHOCTH M TOYHOCTH HM3YYEHUS MPOAYKTHUBHBIX ILJIACTOB
I JOW3BIICUECHUS]  OCTATOYHBIX  3alacOB M  JKCIUTyaTallud  MaJlbIX
CJIO’KHOITIOCTPOCHHBIX MECTOPOXKACHUM.

[IpennoxeHHOEe HaNpaBJIEHUE MCIOJIB30BAHUS TPEXMEPHBIX CHUCTEM
Haomogenuss  (3D+BCII)  mpemoctaBisieT  BO3MOXKHOCTb ~ COBMECTUTh
MpEeUMyIlecTBa cercmopa3Beku Ha mnoBepxHocth u  BCII, 4ro mnpum
NPUMEHEHUU AaJICKBaTHOM HOBBIM BO3MOKHOCTSIM  MOJIENb-0a3UPOBAHHOM
WHTEPAKTUBHOU 00PabOTKU-UHTEPIIPETALMN MOXKET MPUHIIUIIUAIBHO MOBBICUTH
MH()OPMATUBHOCTH CEHCMOPA3BEIKH.
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