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I4MeHHo, B cry.rae cxonr3gruero Konrah_Ta pacrLrnguBarolqee aaBneHue 6yaer 6onbue, 'reM B cnygae
xecrl(oro KoHmKTa, B6nBu rpaHHqb! Kolrmr\Ta HopMaJrLHar Harpy3to MarrcuMa"'rbHa no MoAy!'ro u
MeHscrcr AocraroqHo 6Elc1po. Ilo-Brjnrn{oMy. c yveHLr eHueM flnou{aAn KoHTaKTa MoxHo ucnor63o-
BarB pe3yJrETar6r ocecuMMerpr'{Hofi 3araqH. TaK kaK BanMoAeilcrBr.reM nnolqaAoK M€r(qj/ co6oii
MoxHo 6yAer flpeHe6peqh. Tarc{e MoxHo noATBepIuTB BETBoA [3], qro npl, rroBErrrreHru nopoBoro

AaBneHIrt B TaKofi cpeAg pa3pyueHuro 6yA)T noABepxeHLI, nperrAe Bcero, nrollaAKr KoHTa(roB Ma-

noi nJrouIaAE. flpr,r gToM HaqaBu]rrcr, pa3p),ureHrre KoHTaKTa 6yAer Heo6paflrMrrM, nocKor'rBKy rrpr,r

yMeHbureHuu nnoqalu 6yAer pacru xarpl':ra,
BLrBonbr,
1 Lcnor;3oBaHue lroHeqHoro aHarora Axnon6uoro lroreH{r.raia rBrrercr Ha.qgiKHErM Ir Aocro-

BepHHM cEoco6oM peneHur cMeuaHHLrx KpaeBbrx 3aAaq.

2, PacK'rrlHuBaroulee AaBneHre nponopuxoaa;rlHo nopoBoMy AaBreHrrro, o.qHaKo Ko:OOuqxeHT
nponopllroHrurBHocrn cyrqecrBeHHo 3aBucrjr or nnoulatfi KoHTafia. Ecnx nroulaAKrl KoHTaKTa Aocra-
Tot{Ho Bo'rrxrl To, kaR npu xecrKoM, TaK r., np, cKorlL3flqeM Tune KoHTaKTa, 3Tor Ko3iDiDnqueHT npo"
nopqroHaJrLHocrr,r 6yAer ,locraro'rxo Mai. Ilp, yMeHBrneHur{ nnoulaAn KoHTama pacrolltHr,rBaroutee

AaBJreHUe BO3paCTaeT.

3. Ha rpaunle Me;r1nJ creneroM r., ihrrcrrAoM HopMa,rrLHtuI Harp!3Ka rcMeHrercr cKarrKoM H MeHrer
3HaK. 9ro o6cTofreqEcTBo rBnrercr onpeAeJrfioqr.rM npr,r piBpLrBe AaMeaui a cxorere u @:Iouge.
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PEIIIEHI4E YPABHEHIS IEIbM|O.IIbUA B TPEXMEPHbIX
HEOAHOPOAHbIX CPEAAX C I4C[OJIb3OBAHI4EM TEXHI,I(II

AIIIIPOKCIIMAIIITII MATPI4UAMI'I MAJIO|O PAHIA

C.A. Co,rogr,es

nHcmumym ebneza3osoi ?eono?uu u ?eodtBuKu 1aL A.A. TpodttM))t:a CO PAH, Hosocu6upck

Pa3pa6orau BLrcoKonpoli3BoaxrerbHErfi arrropnrM qtcreHHoro pelrreHur ypaBrexlr feJ]rM-
ror'ILqa B TpexMepHblx cpeAax. B KaqecrBe ocHoBbr Arrg peueHur cHcreM r'[.HeiHBrx anrc6pa[qec]drx
ypaBHeHuii (CJ1Ay), noryqeHHLrx B pGyJrbrare KoHeqHopa3HocrHoi annpoKcuMarlllr, [cnon63yerct
nprMoi MeroA faycca c xcnor63oBaHre TexHr,rKI, annpokcl{MaqrH MaTpxqaM! Mzlnoro paHra E rrepap-

xH.iecKoro (bopMara qaxHrx HSS (Hierarchicalb, Semiseparable Structule). KoppeKrFocrB npo-
rpaMMHoi peMtBaqru Mfopr,rTMa noKa3aHa Ha aHaraTuqecKrrx TecTax, 3rbOekTlBHocTE anropuTMa
noaTBepx,qaeTct Bo3Mo}r{HocTErc peuraTE 3HaqrTerbHo 6onbrxl,te. ,reM nprM6re MeToaBr,3aaa.M,

TpexMepnat Heo)HopodHat cpeAa. ypasqeHue fetb ?ahqa, noztiot4atot4uii aoi PML, an pox-
crluct4ut ttampuqavu ano?o paq?a, Hss-boptan .vampu4
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SOLUTION TIIf, HELMHOLTZ PROBLEM IN 3D HETEROGENEOUS MEDIA
BY USING LOW-RANK APPROXIMATION TECHNIQUE

S.A. SolorTev

Trofnuk Institute ofPetroteun Geotosy a d Geophtsjcs SB R4S, -lvororrrrlrr

High performance algorithm for numerical solurion the Helmboltz problem in 3D heterogeneous media is
developed. To solve systems ofljnear algebraic equations (SLAE), arising by finite-difference approximation, the
Gaussian elimination meihod is used. Quality oftbis meihod is jmprov€d by usjng low-rank approximation t€ch-
nique and hierarchically semiseparable (HSS) structure. program implementatjon was checked on rhe anallrical
tests. High effective ofproposed solver is shown by abjljty to handle with the large problem, which cannot be
solvedby direct solvers because ofm€mory issue.

3D hetercge eous mediun, Helnholtz equation, pefectb) natche.t tq,er (pML), tol,l-rcnk approximatiotl,

TpexMepuoe pearrcrfi.rHoe quc.rreHltoe Mone!'rxpoBarrne rBrriercr Eeor:beMJreMou qacrsro rloa-
xoAoB B rc)nreHllrj BHyTperrHero crpoell r 3eMrlr. OqH!M u3 cnoco6oB BoccTaHoBreHue napaMerpoB
cpeaLl Eo 3aMepeEHhrM aaHrrhrM rBJrrercr peueHne o6paTHofi 3aaaqx aKycTI,Inx, B MaTcMaTrj']ecKoi
nocTaHoBr{e - 3To peEeHIIe BO'HOBO|O ypaBHeHnr aKyCTllKIt CO MHOfuMl] IlCTOriHLtKaIflt, OIHTjM 3

cnoco6oB (oroporo rBJrreM npxMeHeHrre npeo6pa3oBaHnr @ypbe flo BpeMeHx (nepexo! B <.racroT-
uyro> o6:racrs), r peyrbTaTe RoToporo IIpI'IxolrT n 9ff1r]fitx.reckoii cncTeMe )paBHeH]rii Tuna fenBM-
rorEqa, 3To B cBoro oqepeAb nprrBoArT K pec)?coeMKoi npo6JreMe no perxeHrro cxcTeM pa3pexeHHErx
anre6parqecKnx lpaBHenni (C,{AV), qax pemetrur Koropofi ficnorrb3yrorcr Kan nprMbre! rzLn'1 rrre-
pali oHlrbre MeronEr lsaad, 2003]. IprM6re Mer6gn ra:uorca 6onee roqHBrM]-r qeM repauuoHHHe, Ho
,tocraroqHo pecypcoeMxltM (a( no BpeMeHrr, TaK u no l.rcrloJrB3oBaHrlo IIaMrru. OcHoBsa, oco6eH_
Hocrr o6paTHbrx 3aAaq Beo6xo,quMocTE MEororq)arroro peIIIeII'lr xcxoAnoii CIIAy u pa3Hblwr flpa-
BrrMri aracrrMu )paBHeHrir, 3To Aafi [pefiMyrqecrBo pa3Bnrur nprM6rx MeroAoB nepca ur.cpaqxoH_
BLrMn, TaK I{aK IOCTaTOqHO eIUHO ICpaTnOtO BHnOIEeHIIT TpyAOeMKOTO nporlecca pa3loxeHujl MaT-

PIiUbr A Ea Huxxe- n BepxHeTpelTonr,HLre MHoxuTenr ZU r., AaJBEeii ee ucnojr63oBaHu€ :r1or o pa3_
rroxeHnr &'ur pa3JrrrrH6rx npaBBrx qacre;. ,III' noB6[IIcEu9 3!b0e(TuBHOCT' rlpoqeCca r]ojtj4reHu, zu_
pa3-{oxeEur MaTpr4Er, a xMeHHo yMeH6ueH[r qrrcra HcrryneBErx 3neMeHToB B pa3noxcHxu! xsllonL_
lyficr anropurM BnoxeHHbtx ceqcHx; lAxop.qx,.JlIo, 1984]. OnHaxo A,,rr peueHx, p€axbHbrx rpex_
rlepHLIX 3a!aq )/xa3aHHhte MeToABr ne cToJrE 3(p(peKTl1BH6] xax 3To Tpe6yeTcr.

B laHHoji pa6me A,rr pelneHur rpexMepHBrx 3a,qaq rjcnoJrE3yficr rexHrKa anflponcxMartx]{ Mar-
pulaMn Manoro paHra, a raKxc repapxrqecKrfi Qopuar.qam$x HSS (lllerarchicall!- semiseparable
Structure). Te\Huxa anrrpoKcr,rMarllru MarpfirlztMn Matoro paHm u HSS OopMar Marl,lrlbt ocHoBaHH Ha
lrcnorlr3oBaH[rr cBOtcrB Manoro paHra, KoTOpEtMr o6JraAaroT BHeArraroHM6Hbre 6no(x Z U_oaxTopoB
[Chandrasekaran et a1., 2010], 'rro noBo:rrer cytuecrBeHro corlparrr; 3arparu Fra Brrqtcrnro,rEnHe
pecrpc6r. Arr HaxoxAeH[r nallHoi aflnpokcxMaqllE ],tcrronB3yficr aAanTuBHar k?ecToBa, annpoKcfi-
va4rr (AKA) fBebendorf, Rjasanow, 2003], xoropar rBrrercr 6onee sSser.rr.rauoii no upauncruru c
Tpa4rqroHHBrMir rro,ryo,qaMu, ocHoBaHHlIMr.r Ha crrHryJUrpEoM pa3noxeHn, (s\.D_nekoMrro3nqur) Enn
Ea on-pa3noxeHuu.

flocrarroBl(a 3aAaqu Il :LrrroprrrM e€ perlrellllr. OnumeM MareMarr.rqecK]4o llujlaHoB{y ja-
.taqu, flpuMeHeHrre rrHTerpaJrbHoro npeo6pa3oBaHur <Dlphe no BpeMenr K )apaBHeHuru axycrrl(x
rpaHclbopMnpysr ee B luooE,eHrluanbHoe Broporo nopr.qKa ('?aBneHre fenEMronbqa) B TpexMepHoii
-lekapToBoii cucTeM€ KoopauHaT:
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Bcepoccudcxae\oqb,epe{\t&, acstqeHHaL |oq-nermrlo co lHt poacde4ut axade u|aHH.IlFdpeea

rAe / qacrora, Z - cxopocrxar r"roaerb B o6rq€M cryqae 3aBuctrqpr m KoopAr'Har, 4 - KooP'E

HarEI licrorlHltKa, jf -:xavexue ucrovxr'Ka u ,. cMeuleHlre comBercrB)'rorqrie yKaSaHHoi qa("TorE-

Pacqen€r o6racrr ri cerxa - napdlJre:ren[te,qarllrle. Att armpor<criMalrun lcrloJrb3ylorct I(oueu{>
pagHocrHbri McroA BToporo noprrxa c 7-Tx roqeqHEIM IrIa6JroHoM Tlrna (Rpecrt. AJu roro qro6El B-
6exarB orpaxeHr.ri or rpaHriqbr pacqgrHofi o6nacflr, oHa oKafiMrtcrct rueanBHo noaxoatlqrrM norm-
qaroqrna oroev [Collino, Tsogka, 2001] una PML (Perfectb) Matched Layer). B p$yrbr^re y(d:FE-

HoE annpoKcuMaurri cricreMBr (1), non) raeM cuteuy Lu = f (2)

c r<oMnneRcHofi p:Bpor€HHofi cuMMerprqlofi (Ho He gpMtlrosofi) Marp[qeir L. I,nc peuJe,ru^ CJIAY

(2) rcnorE3yercr MoAu(brKaqnr nptMoro MeroAa faycca c [p],MeEeHIdeM TexHrlrut anflpoKcllMaq-
MarprjqaMrj Miuroro paHra [cnorrL3oBaHxr HSS [Cororres, 2014].

qxc,reHHLre 3Rcnepf,MeETLr. A/rr orleHl<ri 3OoeKTI,BHocrr npeMoxeHHoro anroprrMa nPoF-

aeHa cepE qircJreHHhrx sKcnepiMeHToB. A,'u npoBepKu oyrKuroHaulEHo€Tu paccMaTpxBanacB Tp€F

MepHar oAHopolHas cpeAa 9000x9000x4500 M. V=4200 u/c.qacroft sap6upoBana or I ao 8 fq. lIo-
TOqHUK pacrrorarajrcr B npaBoM Bep)aHeM aarEHeM ]Tny pacqerHoi o6racTu, ceTKa 3aaaBzlnacB F
HoMepHoi c ulafoM 30 M, urupuHa PML u3MeHtnacB o[ 750 ao 300 M B 3aBtcrlMocrl or qacrmHv-

PacqsrLr npo!3BoAunucE Ha crcreMLr Intel@ Xeon@ E5-2690 v.2 (lvy Bridge EP), 3.00GH2, RAM 512

GB. TeRyrlar peMu3aqur aJrropurMa rBjrrercg He pacnapajneneHHoii. B pElyn 6Tare ant pacqeroB nc-

norL3oBal'rcr oarH noroK (thread) )xa3aHHoi cucreMH ,

Pelyrbra[l TecrltpoBaH[r noRa3:lttt aocraro.IHo roqHoe coBnaaeHue aHtulltrrr{eckoro u 'Illc_
neHHoro perxeHlr (mHocliTerrBHalr orllu6Ka MeHee 1 Vo). Ha puc. I noka3aHo qucreHHoe peu.IeHre I
ceqeHar{ nb ocu Z B Toqr(e ucroqHuKa xaK aJrg qacrmbt I fq (creBa), TaK u A,It 8 fII (cnpaBa).

TaroKe npoBoarnocb 'rucreHHoe MoaerupoBaHte BoTIHoBLIx noJrei Ha rpexMepHofi peanHcru'r€-

cxoi cKopocrHoii Moae"rH. IlapaMerpb! Moaerlx HepaBHoMepHo tI3MeHtIlI,lcb m 6000 v/c a Hu)Iclq

cnoe Ao 2300 M/c B BepxHeM (puc.2, creBa). feoMerprjqecxxe napaMerpbl, pacqerH:ul cerxa 14 cnoE

PML 3aAaBanrcb rakuMu xe, kaK u B aHrurr,rrxqeckoM Tecre, A,nt cpaBHeH,|9 nonyqeH HbIx pe3yr6TarG

,cnorE3oBajrocL pe[reHrq nonyqeHHoe Bo BpeMeHHoi o6JIacTI,l u pa3iloxeHHoe Ha coorBeTcTByloq{e
qacToTbt c npuMeHer{leM [peo6pa3oBaHnr @]tpBe, ,II/'I' tlu3Kux qacroT oTHocxTeJrBH:ur oIIIr6Ka peue-

HUr He BLfXOArra 3a npeae"ls 5 yo (Ha pvc.2 cnpaBa noKa3aHo BoJlHoBoe nore B ceqeHlflj z B Toqxe

lrcrogHuKa arrr qacrmbr 1 fq). Ang qacrorlr 8 fq Ha6nloaaerct HeSoiILuIat Alicn€pcrt, qro rloKa3aHo

Ha pric, 3.

BpeMeHHbre 3arparl,r Ha pacqer noneii 3aHuMaer or28 000 cao 38 000 c. B ocHoBHoM 3To BpeMr

lonyqeHxe ,rr AexoMno3r.qrx (ibaKropll3alllrt). BpeMe peueHut cucreMbt LLtu= f cocraBJ,ter o-

ptaxa 60 c, r{To tBrtsrct AocraroqHo nptlBneKareflbHBlM ant pellleHljt 3a,qaqu co MHorIrM, lrcroqHu-

KaMr (npaBhrM racrrMu). CTorrr o[MeMTE, 'lro npofpaMMEl! cnoJlb3ylolque nptMI'Ie Meroabl peue_

Hr.r' CJIAy, HanpnMep Intel MKL PARDISO, rpe6ylor AocraroqHo 6orrEDrefo Korrtlq€crBa naMqrt

RAM, .fio AeIIaer HeBo3MoxHLtM l,tx l.tcrlojrE3oBaH]te ,nrt pellleHltt 
''Ka3aHHbIx 

3aAaq Ha cllcreMzx c

naMrrEro RAM MeHee 1024 GB.

Pa6o a ednon eHa npu noddeptlcKe ?paHma CRDF (US Ciriliatl Research and Developmenl

Folndation; Kod RUEI-30034-NO-13) u zpaHmos P@@II (kodbt l4-01-31310, 11-05-31222, l4-05-

93090, 14-05-00049).
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PEc. 2. C(oilonxar MoaeB (cn€Ba) r.t Bo,rHoBo€ none B BepxHe; nnockocr .un, sacrorbr I fq rcnpaBa).

hc. 3. BonHoBoe nor€ B BepxHeii nnoc(ocflr A,rr .racrorbr 8 fq, paccsrjTa]{Eoe A,,r, ,racroru 8 fq c np]f,reHe-
meM BpeMeHHoro MemAa (cneBa) n,racrorHoro (cfipaBa).
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oEPABOTKA AAHHT,TX MIIKPOCETCMI,ITTECKOTO MOHIITOPI4HTA
c yqEToM cEtzcMl,{rtEcKofr *lalotpon ult

C.B. .flcreBnq, A..d nY'rKoB

nHcmumym Hebmeza3oeofi zeotozuu u zeoipuzuxu taa. A.A. Tpo(btl,uy*a CO PAH, HoeocusupcK

Ha pearrHrx AaHHLrx noxa3aHo cHrxeHre HeBr3KU Mex,q/ Ha6nroAeHHBrMrl u pacqgrHbrM,
BpeMeHaMu npo6era BonH m MHKpoceiicMn'recKux co6brrnii, r yroqHeHue npocrpaHcrBeHHoro pac-
npeleneHnt rtnoIIeHTpoB co6r,rTrii 3a cqcr y'{era aHrBorponnu B 3aAat{e MxKpoceicMuqeckoro Mo-
Hr.rroplHra fPfl.

AHu3omponu\ Muxpoceic u,lec(ui taoHumopu]!2, cKopocmHqt )voderb

MICROSEISMIC DATA PROCESSING IN ANIZOTROPIC MEDIA

S.V, Ysskevich, A.A. Duchkov

Institute o/ Petrcleun Geolog) and Geophysics SB R 1S, Narosibirsk

For real and s),nthetic alatasets in our paper was shown, that anisotropy. ifnot taken into account, leads to
biased locations and big misfits with the data, taking into account anisotropy leads to less biased results and better
data fit. lt was sbown an essential step in microseismic data proc€ssing tec}nology development wich makes pos-
sible to take into account shear wave splitting (rhat can't be handl€d widr isorropy), and to build anisorropic model
simultaneously with location.

Anisotropy, microseisnic na itoing, wlociry nodel

Ml'kpoceicMuqecr(xi MoHxroprjBr |PII Ha ceroAHrnrHxi AeHE rBnsercr car,ar,ru unQopMarur-
HL|M MeTOAOM r,!3)^IeHUr reoMeTpr,tl' TpeqlHBr, o6pa3oBaBneicr B xoae fPIl. Meroa cocror.n r ycra-
HoBKe aIrTeHHbr ceiicMonpreMHxKoB B6r!3u pa6oT fPII ,qrr perucrpauflj MrKpoceiicMn.reckoii aK-
TrBHocruj nopo(qeHHot pocroM TpeLquHH ruApopa3pr,rBa. flpo€TpaHcrBeHHoe pacnpeAe,reHue (06-
,laKo) rrnoqeH'r},oB MHxpoceicMr4'{ecKr.tx co6r,trEi ro3Borrer oqeHrrB reoMerpuro rperquH, 3Ta j-fi-
ilopuaqur voNer 6snr Aalree xcnonE3oBaHa Anr orreuKu ycne[rHocrn fPn r,l onruMr-r:la4ru cxeMhr
pa3pa6o[Kr MecropoxAeFuit lLe Cal\ez d al,2006].

IIt flpaBurlHoro onpeAo'reHur rlnoqeuTpoB ccr6Brrri npu o6pa6orke raHHLrx ltrlKpoceficMu-
qecKoro MoHnTopuHra Heo6xoAliMo 3HaTE cropocTHyro MoaenE. BaxHocTh nocTpoeHrjr ToqHoii cKo-
pocrHoii Moaoru &5r Mr.rkpoceicMnqecKoro MoHrjropuHra uxpoKo np'l3saHa [Eisner et al., 2009], a
BIritHIre HeroqHocrr,r {cno"'rL3yeMofi cKopocrHofi Mo,qenn Ha o6u{,ro omr6Ky roKanrraqux runoqeH-
'rpoB co66rrxi ocrasrcr Mano x3) reHHHM. CnoxHocrb nocrpoeHr,tr cxopocruoi r"ro4oru ycFy6,rrercr
TeM, qTO MHOfUe HeTpa,qr{xoxH6re pe3epByapBr npeacTaBneHbr cJraHqaMu, noropue, xar< u:eecrno, o6-
JraAalor crnEHo aHu3orponHErM, cBoficrBaM!. Taftxe Ha ecrecrBeHr{/ro aHmorponl-llo nopoA Moxer
HaKrranHBar6cr BEBBaHHaTT zrHtBmponns h3-3a BepM€i6Hofi TperquHoBarocrtr, o6pa3oBaBuleficr B

xoAe caMoro rnApopa3pHBa [fsvankiq Crechka- 20 I I ].
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