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Summary

In this paper we introduce a seismic migration method based on an optimization approach. 3C VSP
seismic records are used as source data. As a result, a field of vector reflection coefficient is recovered. This
3C coefficient represents an image of the media. There are two significant features of the proposed method.
First, it uses input seismic traces as a source function in the back propagation problem. This allows us to use
initial data recorded only on the well. Second, a strong separation between migration and inversion
procedures guarantees an efficiency and stability of the algorithm constructed for a solution of the problem.
It is clear that in this approach the seismic field migrated to any vertical line in an object domain can be
processed by means of regular VSP techniques. So, reconstruction of the image of the media appears to be an
inversion procedure applied to migrated data on every vertical line in an investigated geological section. For
dipping horizons any other direction of the reconstructed profile may be applied. 3C surface data can be also
migrated in the same way.

AHHOTAIIUSA

B pabote npemnaraercst METOJI MUTPALIMK, OCHOBAaHHBIM Ha ONTUMHU3ALIMOHHON MOcTaHOBKe. B kauecTse
HUCXOJIHBIX JaHHBIX HCIONB3YIOTC TpexkomioHeHTHele Tpaccel BCII. B pesynbrate dopmupyercs
n300pakeHne cpelibl B BHJE BEKTOPHOTO KOX(pQPHUIMEHTa OTpakeHHs. MeTon XapaKTepu3yeTcsl JBYMs
OCHOBHBIMHU 4epTaMH. Bo-niepBhIX, HCXOIHOE BOJIHOBOE IT0JIE PACCMATPUBAETCA B 3a/1a4€ MPOJODKEHHS OIS
C OOpaTHBIM BpEMEHEM B KauyeCTBE MCTOYHHMKA. OTO TIIO3BOJSIET HCIOJIb30BaTh TOJIBKO JaHHBIE,
3apEeTUCTPUPOBAHHBIE HAa CKBaXXMHE. BO-BTOPBIX, YeTKOE pa3jieiicHHEe 3TaloB MUTPAalUd M HHBEPCUU
rapantupyer 3QpQGEeKTHBHOCTh U YCTOHYMBOCTh QJITOpPUTMa peleHus 3anadd. OYeBHIHO, YTO MPH TAaKOM
MOJX0/I€ MPOJOJDKEHHOE M0JIe MOXKET OBITh IMOBEPTrHYTO CTaHAapTHOH 00paboTke naHHbX BCII Ha mobom
BEPTUKAIBHOM CEUYEHUH HCCIIETyeMOU 00JacTH, a MPOIEcC MOCTPOSHHS N300paXKeHUsT CPebl OKa3bIBAETCS
MpOIeypOll WHBEPCHH B KaXJIOM M3 TaKMX CEYCHWH. B ciydae HAKIOHHBIX TPaHUI] MOTYT OBITh
WCTIONIb30BaHbl CEUEHHs MPOM3BOJIBLHBIX HampasieHuil. [IpennoxkenHas mpoueaypa Takke NPUMEHHUMA H K
BEKTOPHBIM JaHHBIM Ha3eMHOM CeHCMOpa3BeIKH.

1. TIlocTraHoBKa 3a7a4u

B pabGore mnpemiaraercs MeToj Murpamuu [1], OCHOBaHHBIH Ha ONTHMH3AIMOHHOW IOCTaHOBKe. B
KauecTBE WCXOIHBIX IAHHBIX HCIONB3YIOTCA TPEXKOMIIOHEHTHBIE (BekTopHBIE) Tpacchl BCII B cxeme ¢
MOBEPXHOCTHBIM HCTOYHHUKOM. I[Ipenamonaraercs, 4To ampuOpHO 3aJaBaeMasi OIMOpHas MOJENb Cpeabl
MIPaBUIILHO OTPaXKaeT OCHOBHBIE CKOPOCTHEIE MapaMeTphl paspe3a. dopma UMITyIhca HCTOYHUKA CUATASTCS
HEU3BECTHOM.

[Ipexne ueM mepexoquTh K MaTeMAaTHUYECKOW IMOCTAHOBKE 3aJlayd, AaJuM KaueCTBEHHOE OIMCAaHHE
npeasiaraeMoro noaxona. [lepBbiM OCHOBHBIM MOMEHTOM METOJA SIBISICTCS TO, YTO 3apETUCTPUPOBAHHOE HA
CKB)XMHE BOJIHOBOE IIOJIE MCIONB3YETCS HE KaK KpaeBoe ycioBHE [2], a KaKk MCTOYHHWK BOJH B 3a7ade
MIPOJIOJDKEHUS ¢ 0OpaTHBIM BpeMeHeM. Takoi Mo X0/1 TeOPETUIECKA CHUMAET MPOoOJIeMy 3aaHus UCXOTHON
nH(GOPMAITUH TIPU HETIOHOW anepType ¥ 3HAHUS BBIBOJISIINX TPOU3BOJIHBIX.

BTopo#i ocHOBHOM 4epTOl MpejiaraeMoro MeToja SIBJISETCA YETKOE pa3/elIieHHe 3TaloB MUTPAlUM U
WHBEPCHH BEKTOPHBIX TMOJei. J[eno B TOM, YTO MPOJOHKEHHE CEHCMUYECKOTrO IOJII CO CKBKHHBI B
OTIOPHYIO Cpely fBIAETCS JMHEHHOM 3amaueil. HecMoTpst Ha TO, 4TO STa 3aJaya HEKOPPEKTHA, yAaeTcs
MMOCTPOUTH YCTOHYMBEIN METOJ €€ pemieHus. 3afada MOCTPOSHUS N300paKeHUs Cpellbl, TO €CTh WHBEPCHUS
MPOJOJKEHHOTO TIOJISI, SIBJSICTCSI HEIMHEWHOW M Takke HEKOppeKTHOUW. ITockombKy st penieHus 3Tou
3aJla4yl MOXKHO TPUBJICYh CYIIECTBEHHYIO alpHOPHYI WHAOPMAIUIO O Cpelie, TO TaKoe pa3JeicHUE



MUTpallil ¥ WHBEPCUU OKasbiBaeTcs HamOojiee 3¢ddexTuBHbIM. KpoMe TOro, mpu TakOM IOAXOJE
MPOJIOJDKEHHOE TIoJIe MoaBepraeTcst 00paboTke B pexuMe cTaHmapTHOW uHTepnperanwn aaHnHeix BCII Ha
ckBakuHe. Takasi CKBa)KUHA SBIISIETCS, OYEBHIHO, BOOOpaKaeMoH, a caM IpoIlecc MOCTPOCHUS N300pakeHUs
Cpebl OKa3bIBACTCS MPOLEAYPOM HHBEPCUHU B KAXKIOM M3 CEUCHUM, KaK TIPABUIIO, BEPTUKAIBHOM.

HyCTI) pacrpoCTpaHC€HUC yIrpyrux BOJH B paCCManPIBaCMOfI o0macTu {2 ONKUCHIBAETCS YpaBHCHUEM
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Ha rpannme oGmactu () 3aqafoTCsl JAMCCHIIATHBHBIC YCIOBHS, COOTBETCTBYIOIIHE OTCYTCTBHIO
OTpaKCHHBIX BOJH. HavanpHble YCIOBHS MONAralOTCS HYJIEBBIMU. B KadecTBe MCXOAHOM MH(OpPMAIMHU 1Tst
HPOIIELyPbl MUTPAIIMH 33/1a€TCSl BEKTOPHOE TT0JIEe CMEIEHHI Ha CKBaXKHHE — MHOXKecTBe (O < O
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OKoHYATETbHON 3a/1aueii SIBJSIETCS MOCTPOEHHUE U300PAKESHHUS Cpeibl ¢ akycTHuecKuM umienancoM #(K)
U onpezienieHne BekTopHoro ko3durrenta K(r) B kaxaoii Touke r odmactu Q\Qy,.

2. TIpono.keHUEe BOJTHOBOTO MOJIsI

ByneM MCKaTh NMPOJODKEHME BOJHOBOTO MOJA u € MHOXKeCTBAa () Ha () Kak Takoe I0Jie, KOTOPOE, C
OJIHOH CTOPOHBI, HAMMEHEE YKIIOHSAETCSA OT u Ha ), a ¢ JAPYyroi, ABJIAETCS BOJIHOBHIM IOJIEM B 00JIACTH
O\Q. TIpomomkeHHOe TakuM 0Opaszom mose U(r ) sBaseTcst peleHreM CIIeAyIoIIeil BapuallioHHOM 3a1aun
C OrpaHUYCHUSAMU:
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Y BBITIOJTHSIOTCS IUCCUTIATUBHEIC TPAHUYHBIC YCIIOBUSI.
Jns pemenust 3ToM BapualMOHHOM 3aJ]a4y HCIIOIb30BaH METOI MHOXKUTeENEH Jlarpanika.
W3 paccMoTpeHus: BapralMOHHON 3a7adi MOXKHO HalTH grad J (u) . JHAHHE TpajreHTa (yHKIFOHAIA

J(U) mo3BOJISIET TOCTPOMTH TMPOJOJKEHHOE IOJI€ HAa OCHOBE MTEPAIIMOHHOTO METOJa MHHHMH3AIINU.
IMpakTvKa TIOKa3bIBAE€T, YTO YK€ IMepBas HTEpals [aeT JOCTaTOYHO XOpollee MNPHUOIIKCHHE K
MPOIOJKCHHOMY TIOJIO. JTO OOBSACHIECTCSA TEM, YTO TMepBas UTEPAIHsl TIOJTHOCTBIO COACPIKUT WHPOPMAITUIO
00 OJTHOKPATHO OTPAKCHHBIX BOJIHAX.

Jl1s Hawana TpoLeayphl MHHHMH3ALHHE TPeOyeTcs 3a1aTh HadaipHOE mpuOmmkenne U°. 3agaamM ero
KaK pelICHNe YPaBHCHUS
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C HYJICBBIMU HaYQJIBHBIMU yCIOBUsMHE ITpH t = T U AMCCUNIAaTHBHBIMU TPAHUYHBIMU YCIOBUSMHU.
M3 (2.1)~(2.2) HaxoamMm, 9TO grad J (u)  u. . OTCIOJA, COTTTACHO METO/Y CITyCKa IPH Iare op, MIMeeM
1= o+ a 0 e Q €
u u u -, r , t [0,T].

3. HHBepcHs MpoaoKEeHHOT0 MO
3a1auy MOCTPOCHUS M300paKEHUS CPE/Ibl TI0 BEKTOPHOMY IOJTIO, 3aPETUCTPUPOBAHHOMY HA CKBAKUHE,
chopmynupyeM ciaexyrommmM odpasom. Haiitu Takoit koaddunuent orpaxkenus K(r) B obmactu Q, 4T00BI

COOTBETCTBYIOIIICE eMy I0Jie U = Ux HaMMeHee YKIIOHsUIoch OT u Ha Q mpu t € [0,T]. Takas mocranoBka
HPHUBOJNT K 33/1aue MUHUMH3AIMH 110 K GpyHKInoHana

u¥u~2drdt opu u 7Lu:0, rEQ, tE[O,T]. (31)
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O4eBUIHO, 4YTO pEUNICHWE STON 3a/laud TPHUBOJAUT K TaKOMYy JKE€ pe3ylbTaTy, 4YTO W HHBEPCHUS
MIPOIOJDKEHHOTO oI, DyHKITOHAT (2.1), OmpeaesFomnuil TPoI0IDKEHHOE TI0JIe, SBIISICTCS KBaIpaTHIHbIM,



a (3.1) ner, mostoMy pemienue 3anaqu (2.1) npennouturensHee. Crnenyer 3aMeTHTh, 4TO ¢yHKIMoHaN (3.1)
00nafaeT CIeAyIOIMM BaKHBIM CBOMCTBOM, BBITEKAIOIIMM U3 HPUPOLI paccMaTpUBaeMoii 3anaun. Eciu u
3aJ]aHo TOYHO, TO (3.1) UMeeT eAMHCTBEHHYIO TOYKY MUHUMYMa, B KOTOPOH P, = 0.

AHanm3 MpoAOKEHHOTO MOJIS TTOKA3bIBAET, YTO €0 0COOEHHOCTH OTPaKAIOT HAaJM4He pacceuBareie B
omopHOH cpexe. Jns WX ompeneneHuss pacCMOTpPHM Tpolenypy MuHuMH3anuu (ynkmuonana (3.1) ¢
MOMOIIBI0 METOZIa TpaaueHTHOro cmycka. I[Ilpum mnoctpoenuu rpamuenta @D(K) wucnonb3yem wmeron
MHoxuTeneld Jlarpamxka. OkaspiBaeTcs, 4YTO MHOXHUTENbs Jlarpamka yIOBIETBOpAET TOW K€ 3amade C
00paTHBIM BPEMEHEM, YTO U JAJISl TPOAOJIKSHHOTO TIOJS.

HeranpHoe paccMorpeHue 3amaun MuHuMuzanuun D(K) moszBomsier 3(DGEKTHBHO peIIUTh 3a1a9y

o} 0 o
MOCTPOCHHUSA grad (k) . MCTOH TpaAuCHTHOI'O CITyCKa B TOUKC k AacT CJIICAYIOIINU pE3YJIbTAT:
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é(u'yu'dt, THE . J(u' “u’y” min. (3.2)
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®opmyna (3.2) mokasbpIBacT, YTO MPOJOHKCHHOES BOJHOBOE IMOJIE OJHO3HAYHO OMPEACISACT BEKTOPHBIN
KO3 (UITUEHT OTPAXKEHUS. 3aMETHM, YTO B OJHOMEPHOM CKaIIIpHOM BapuaHTe popmymna (3.2) gaer:
o T
5 - 2
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rie Bemmanna ¢(k°) sddexTHBHO ompenemnseTcs.

4. YmucieHHOe MOJeTHPOBaHHE

st onpoGoBanus pa3paboTaHHOTO MeTo/1a ObLT MPOBECH CIEAYIONINN BEIYUCIUTENLHBIA SKCTIEPUMEHT
B cpene ¢ oaHOM TOPU3OHTAIBHONM TpaHULIE pa3zena JJisl UCTOYHUKA MPOJIOJIbHBIX BOJIH, PACIOJIOKEHHOM
Ha ynanernyd 500 M OT BepTHKAIbHOW CKBaKWHBI paccunTaHo BektopHoe moje BCII (puc.l) B uHTEpBane
riryouH 10-870 M. CkopocTH MPOJOIBHBIX BOJTH B BEPXHEM W HIDKHEM CJIO€ paBHBI cooTBeTCTBEHHO 2000
M/c 1 3000 M/c, CKOPOCTH TONEPEUYHBIX BOJH B3AThl BJBOE MEHBIIMMH, IUIOTHOCTH BO BCed oOmactu
MOCTOSIHHA.
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Puc.1. MOZ[CJ'H:HOG BOJIHOBOE 110j1e. CreBa X-KOMIIOHCHTA, CIIpaBa Z-KOMIIOHCHTA.

Pemenne ypaBHEHUsI PacnpOCTpaHEHMs YHPYTHMX KOJIeOaHHWH OCYIIECTBISUIOCH METOAOM KOHEYHBIX
pa3HOCTEeH ¢ MPUMEHEHNEM KOHCEPBATHUBHON pa3HOCTHOM cxeMmsbl [3]. Pa3mep mpocTpaHCTBEHHON AYEHKH IO
00enM KOOpJMHATaM TIOJIOKEH PaBHBIM | M, miar auckperusanuu o BpemeHu — 0.2 mc. J{i1st ucKIoYeHus
BJIMSIHUS TPAHUIL] PACUETHOH 00JlacTh Ha pe3ysbTaT MOACIMPOBAHUs OBLIM HMCIONB30BaHBl HEOTPAKAIOIINE
KpaeBbI€ YCIOBHUS BTOPOro Mmopsika [4].

BonHOBOE TOJNIE, BBIYHCICHHOE MPOJOIDKEHHEM B OOpaTHOM BpPEMEHH Ha (DUKTUBHOM MpoduIe,
ynaneHHoM Ha 100 M OT CKBaXHMHBI B CTOPOHY ITyHKTa BO30YyXKAEHUs, MpUBEACHO Ha puc.2. 3zo0paxeHue
cpensl B ¢popMe BEKTOPHBIX KO3((UIHEHTOB oTpaxeHus: c()OPMHUPOBAHO IO YIPOLUICHHOMY JITOPUTMY B
cootBeTcTBHH € (3.3). PesyipTrpyromue n300pakeHus B IBYX KOMIIOHEHTAX IOKa3aHbl Ha PUC.3.
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Puc.2. [IpogomxenHoe BosiHOBOE ToJie (0OpaTHOE Bpemsi). CiieBa X-KOMITOHEHTA, CIIpaBa Z-KOMITOHCHTA.
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5. BbIBOABI
B pabGore npemioxken meton murpanuu 3C BOJHOBBIX TOJEH, MO3BOJSIONINN CTPOUTH M300paskeHue

cpelbl, SBISIONIEECs, IO CYTH, BEKTOPHBIM KOX(QQHIMEHTOM OTpaKeHHs. Pe3ynbraT MOATBEPXkJEH Kak
TEOPETUYECKH, TaK M BBIUUCIUTEIBHBIM 3KCIIEPUMEHTOM. ABTOPBI MONAraloT, YTO BO3MOXKHO MOJIY4YEHHE
aHAJIOTHYHOTO M300pakeHHs A Kod(hQUIMEHTa OTpaKeHMs AJsl TomepeuHblx BoiH. Kpome Toro,
BO3MOYKHO MPUMEHEHHUE TAKOI'0 MTOIX0/1a U K TPEXKOMIIOHEHTHBIM JIAHHBIM HA3€MHOM celcMOpa3BeIKU.
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