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The Needs of Subsurface Modeling
Prompt a Search for the “Generation

Next” Solution

06ocHoBaHuE HEOOXOoAMMOCTI
chenymowero NoOKoNeHnsa pewieHuin
no CO3AaHUIO reosiorMYeckKkux moaeneu

Jean-Claude Dulac

o far, in the oil and gas industry, 3D grids have been used

by two populations of geoscientists: the reservoir geol-

ogist and the reservoir engineers. Today when asking a
reservoir geologist or reservoir engineer their most pressing
difficulty in term of geomodeling, the most frequent answer
is to fill the gap that exist between the geological structural
model, typically modeled as a set of horizons and faults and
the reservoir model, modeled as a 3D corner point grid.

In the industry, all grid modeling methods consist in
modeling a 3D grid as a collection of cubic cells deformed
to fit horizons and aligned in pillars along faults. We can
imagine very easily the difficulty encountered when trying
to fit these cubes inside certain geological configurations
such as Y-faults. As models increase in structural and strati-
graphic complexity the process of creating these grids has
become cumbersome. The outcome is that in many cases the
grids modeled do not honor requirements from either the
reservoir geologist or the reservoir engineer. Based on these
considerations, this article will show how gridding the sub-
surface should be addressed anew.

Current Methods

In the upstream oil and gas industry field of 3D model-
ing and construction of 3D grids for reservoir simulation
and reservoir characterization, the state-of-the-art among
competing applications is roughly equal.

These 3D grids follow the sub-surface geometry (fold-
ing and faulting) to honor the current geological layers
geometry. The current state of the art method for construct-
ing these 3D grids is a three steps approach:
® Construction of the top of the reservoir;
® Construction of the base of the reservoir;
® Connect the top and base of the reservoir with pillars
spread evenly on a 2D grid. One additional requirement is
that these pillars must be aligned on faults. Faults are them-
selves composed of pillars and intersecting faults should
have one identical pillar.

The construction of a 3D grid model is therefore decom-
posed into a series of 2D and 1D operations through the
creation of the two 2D surfaces, and the construction of 1D
pillars in the 3D space. This approach works well in simple,
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XKan-Knog dronak

pEXMEpPHBIE CETKH B IIEPBYIO O4YEPEAb BOCTPEOOBAHBI

JBYMsA TPYIIIAMH CIEIJHAIMCTOB HE(MTEra3oBOM HHYC-

TPpUU: CHECIHUATUCTAMHU, 3AHHUMAIOMUMUCA T'€OJIOTHYEC-
KHUM MOJIETUPOBAHUEM MECTOPOXKIEHUH Y CHENMATUCTAMH 10
THIPOJUHAMHUYECKOMY MOJEIUPOBAHMIO. ECiim B HacToOsAIEee
BpeMs 32[aTh CIEIIHAIHNCTAM BOIIPOC O HAMOOJBLIUX TPYAHO-
CTAX, BOZHUKAIOIIMX B IIPOIIECCE FEOMO/IETUPOBAHMSA, TO CAMBIH
PAaCIIPOCTPAHEHHBIN OTBET OYJET CBA3aH C IPOOIEMAMHU IIPEOO-
JIEHUA PA3TMINHA MEXTY CTPYKTYPHOM I'€0JIOTHYECKOM MOJIEIBIO,
KOTOpast OOBIYHO BKJIIOYAET CEPHUIO TEKTOHUYECKUX HAPYIICHUH
Y1 TOPU3OHTOB U MOJIEJIBIO PE3EPByapa, KOTOPask NPEJCTABIACT
COOOH TPEXMEPHYIO CETKY.

Bce cymecTByronye METObI IIOCTPOEHUA CETOYHBIX MOJIE-
JIEH IIPEACTABIIAIOT TPEXMEPHYIO CETKY KaK HA00p KyOHMYECKUX
s9eeK 1e(DOPMUPOBAHHBIX ITIOBEPXHOCTAMH F'OPHU30HTOB U OI'pa-
HUYEHHBIX HAIPABIAIOIHUMHA BEKTOPAMHU — IMHJUIAPAMH, PACIIO-
JIO’KEHHBIMH BZOJIb PA3IOMOB.

HeTpyaHO IIPEACTABUTH CE€O€, HACKOJIBKO CJIOXKHO BITMCATD
TOJJOOHbBIE KYOMKH (STYEHKH) B TAKYIO CUTYAIIHIO, KOIJIa B I'€0JI0-
TUYECKOH MOJIeNTH €CTh onepstomye Hapymenus (Y-faults).

ITo Mepe yCIOKHEHHUS MOJENN B CTPYKTYPHOM M CTPATUTPA-
(br4EeCKOM OTHOIIEHUH, IIPOLECC CO3JAHUSA TPEXMEPHOM CETKHU
CTaHOBUTCSL BCe Oosiee TPYJOEMKHM. B GOJBIIMHCTBE CIy4aes,
pE3YALTAT TAKOT'O MOJAETUPOBAHUA HE COOTBETCTBYET HU 3aIIPO-
CaM TeoJIOTOB, HU 3aIIpOCaM Pa3dpabOTYHKOB. B COOTBETCTBUH
C 3THUM, B JIAHHOH CTAThe OY/IeT IIPEJCTABICH HOBBIN ITOJXO0/ K
TIOCTPOEHUIO CETOYHOH MOJIEIH I'€0JJOIMYECKON CPEJIBL.

MGTOJILI:;I, NnorveHAeMble B HACTOdALLIEE BOEMHA

B coBpeMeHHOI1 He(PTEra30B0M OTPACIN YPOBEHD PA3BUTHA
KOHKYPHPYIOIIUX MPOrPAMMHBIX IIPHJIOKEHUM, TPEJHA3HAYCH-
HBIX JUI IOCTPOEeHUs 3D CeTOK KaK I I'€0JIOTNYeCKOIO, TaK U
UL THAPOAUHAMHUYECKOTO MOJEIUPOBAHUA OCTAECTCS IIPUMEP-
HO O/IMHAKOBBIM.

3D cerKa, ciaegys 'reOMETPUU IIOBEPXHOCTEN U PA3JIOMOB,
0o6ecIieynBaeT FeOMETPHIO T'e0JIOTUYECKUX c10eB. COBpEMEHHBIE
METOABI IOCTPOEHUS TPEXMEPHOH CETKH BKJIIOYAIOT TPH HTATA:
@® [IOCTPOEHHE KPOBJIU PE3EPBYAPA;
@® 1[IOCTPOEHHE IOJIONIBEI PE3EPBYAPA;
@® accouyanus KPOBIH U MOJIONMIBBI PE3EPBYaApa C IIOMOIIBIO
NWUIAPOB (HAIPAB/IOINX BEKTOPOB), PABHOMEPHO pacIpe-

Oil&GasEURASIA



SOURCE / UCTOYHMK: PARADIGM

SOURCE / UCTO4YHUK: PARADIGM

Ne4 Anpenb 2008

( 3D MODELING | 3D-MOAEJIUPOBAHUE

Jean-Claude Dulac is executive vice president and chief architect for Paradigm. Before joining the Paradigm team, he
was founder and chief executive officer of Earth Decision, which was acquired by Paradigm in 2006. Prior to creating
Earth Decision, he held positions at Unocal, including development manager and senior research geophysicist. In these
roles, he managed the industrialization of GoCad, was responsible for most of the software architecture and design, and
developed new techniques and programs for velocity analysis and velocity correction before or after depth migration.
Prior to his work at Unocal, Dulac was a developer at Total. He holds an M.S. in geophysics from Stanford University and
an M.S. in geology from Ecole Nationale Supérieure de Géologie in France.

XaH-Knop [ionak BNSIeTCA MCNONHUTENbHBIM BULIE-NIPE3UAEHTOM U MMaBHbIM apXUTEKTOPOM KomnaHum Paradigm.
[o Ha4yana pa6otbl B Paradigm oH 6b11 OCHOBaTenem 1 MCNONHUTENbHbIM AupekTopom KomnaHnuum Earth Decision,
KynneHHou Paradigm B 2006 roay. Mpexpae 4em ocHoBaTb Earth Decision, XKaH-Knop [ltonak 3aHuman pasnuyHbie
AOMKHOCTU B KOMnaHum Unocal, B TOM Yncne MeHefpkepa no pa3BuTuIo u ctapluero reocnsunka. Pa6orasi Ha aTux
no3uumsx, fllonak 3aHMMancs MHaycTpuanusawueli nporpammHoro obecneyeHus GoCad, oTBeyan 3a 60JbLUYIO YacTb
apXUTEKTYPbl M AU3aiiHa NPOrpaMMHOro o6ecriedeHus, paspaéaTbiBan HOBble TEXHOJOMMM M NporpaMmebl B cchepe
aHanu3a u Koppekuuu ckopocTel [0 U nocne rny6uHHon murpauuu. Mepen noctynnexvem B Unocal XKaH-Knop
[ionak 6bin paspaboTumkom B komnaHuu Total. OH Takxe siBNsieTcs obnagarenem y4eHoW cTeneHn no reocpusmke
CT3HhOpACKOro YHMBEPCUTETA U YHEHOW CTENeHU No reonormu Bhbicluei rocyAapcTBEHHON reoNnornyeckon LWKonb!
(Ecole Nationale Supérieure de Géologie) Bo ®paHuuu.

vertically faulted, layer cake geometries, or when the stratig-  geneHHbsix 1o 2D cerke. OZHO JTONOIHUTEIBHOE TpeOGOBAHUE
raphy is not too complex (Fig. 1). 3AKJII0YAETCA B TOM, YTOOBI MHJUIAPBI OBUIN O032TEIBHO HAIIPAB-
Unfortunately, geology is not that simple and many  JI€HBI BJOJIb ITIOCKOCTEIN Pa3/IOMOB. Pa3sioMbl, B CBOIO O4Y€pe/pb,
different structural deformation regimes will create more  TOXe OIIMCHIBAIOTCA NWIIAPAMU, U IIEPECEUEHUE PA3TIOMOB JPYT
complex fault geometries as shown below (Fig. 2). Equally ¢ 1pyrom JO/mKHO COOTBETCTBOBATH ONIPEEIEHHOMY IJIADY.
difficult will be the definitions of internal stratigraphy in ITocTpoeHue TPEXMEPHOU CETOYHON MO/IE/TH C KCIIOIb30Ba-
between the top and bottom surface, when the internal  HHEM OOBIYHBIX ITIOJIXO/IOB B CHJIY BBIIIIECKA3aHHOT'O PACIIA/IACTCS
stratigraphic surfaces geometry will differ strongly from the = Ha cepui0 OJHOMEPHBIX U ABYMEPHBIX ONEPAIUIT IO CO3AAHUIO
geometry of the top and bottom surfaces, or where thin lay-  1ByX ABYMEPHBIX ITIOBEPXHOCTEH U IOCTPOECHUIO OJTHOMEPHBIX

ers need to be modeled.

MIUTAPOB B TPEXMEPHOM IIPOCTPAHCTBE. DTOT IIOAXO/] XOPOIIO

The main default and limitation of this technique is  paGoTaeT B IPOCTBIX I'€OJOTHYECKUX YCIOBUAX, IIPH HATHMYUHU
the construction of the fault pillars. This process is a manual  TOJbBKO BEPTHUKAJIBHBIX PA3/IOMOB, FTOPU30HTAIBHOM 3aJIETAHUU
or semi-automatic process, tedious, cumbersome and pos-  CJIO€B WIH B YCIOBHUSX HE3HAUUTEIbHBIX JTUTOJIOIMYECKUX HIIN
sesses serious limitations in the complexity of models that  crparurpaguyeckux Hecormnacuii. Ha puc. 1 npejcrasieHa npo-
it can handle. The one-by-one construction of pillars does  cras paznoMHas MOJIEIb, IJI€ TOIXO0/] C HCIIOJIB30BAHUEM ITHJLIA-
not automatically ensure the consistency of the 3D model.  pos sBasgeTCsa 3(PHEKTUBHBIM.

OAHAKO reoI0ru4eCKie yCI0BHsA HE TaK IIPOCTHI, U Pa3and-
HbIE€ TEKTOHUYECKHE PEKHUMBI CO3/IaI0T PAa3PbIBHBIE HAPYIIECHHSA
O4Y€Hb CJIOKHOU reomeTpun. Hampumep, Ha pUC. 2 IPOJEMOHC-
TpupoBaHa pudToBas cucrema. Tak ke IPOOIEMATHYHO BOC-
IIPOM3BECTU B MOJICNIM BHYTPEHHIOIO CTPATUTPA(DUIO MEXKTY
KPOBJIEH U IO/IONIBOM, KOIZIa BHYTPEHHUE CTpaTUIpaduIecKkue
TMOBEPXHOCTH 3HAYUTEIBHO OTIAUYAIOTCA OT T€OMETPHUH KPOBIH
WIH MOJOMIBBI WIH KOIJIA HYKHO MOJICIMPOBATh TOHKHE T'OPU-
30HTHI.

@ Fig. 1. Simple faulted model where pillars approach works well OCHOBHOI HEJOCTATOK M OTPAHUYEHHE ITON METOJAMKH —
@ Puc. 1. MpocTas pa3nomHas mofenb, ANa KOTOPOil UCNO/b30BaHWE  ITOCTPOEHHE CETH PA3JIOMOB C IOMOIIBIO IIWJIAPOB. DTO IIPOIIECC

«MNNap-TeXHONOruil» ABNAETCA 3(hheKTUBHbIM

PYYHOI, B JIYYIIEM CIy4ae IOTyaBTOMATUYECKUU, TPYSOECMKHUIL,
YTOMUTE/IBHBIN U COAECPIKUT CEPHE3HBIC OTPAHUYCHMS B CIydae
CJIOKHBIX Mojeser. ITocTpoeHne MIITapoB JPYT 32 APYTOM HE

In fact, by using this technique, there are many geological  rapaHTHpPyeT aBTOMAaTHYECKH CO3/IaHHE IIOJTHOLIEHHOH 3D Moze-
settings where faults need to be removed from the geological  nu. [Tpy HCIIOIB30BAHUHU TOM METOJUKH BO MHOTHX CJIy4asiX BO3-
model or deformed substantially to allow the construction  HHKaeT HEOOXOJUMOCTb UTHOPHUPOBATH YaCTb PA3JIOMOB, YAAJIAAL

of a reservoir model.

UX U3 I'€0JIOTMYECKO MOJIEN WIM CHJIBHO J1e(hOPMUPOBATD HX,

In environments containing Y-faults or oblique faults, = 9TOOBI HOCTPOEHNE MOJEIH CTATIO BO3MOKHBIM.

the grid constructed using pillars aligned to faults intro-
duces deformations of the cells geometry that are
unacceptable as discussed below.

Artifact of the "Pillars” Method

KpomMe Toro, B cpele, BKIIOYAIOUIEN Olle-
psIONINE HAPYIIEHUsI WX COPOCHI, IOCTPO-
€HHE CETKU C MCIIOJIb30BAHUEM ITMJUIAPOB
BJIOJIb HAPYIIECHUI IPUBOJUT K HEXKEJIA-
TEJIbHON, 4 UHOIZIA U HEJOIIYCTUMOM,

To perform reservoir simulation or res-
ervoir characterization, the 3D grids must
be populated with properties such as net-
to-gross, porosity, permeability, etc. These
properties are typically known at the well loca-
tion and to populate these grids it is essential
to perform extrapolation of log values away from
the wells in a “geologic way”. More explicitly when
extrapolating, we need to work in a space where fold-
ing and faulting is removed, and which “mimic” as close
as possible the condition under which the sediment where

HedtonlrasEBPA3UA

JeopMaIii TeOMETPUU STUEEK.

@ Fig. 2. Fault Rift System with
Complex Faulting

@ Puc. 2. PuchToBas cuctema co
CNOXHBIMU HapYLIEHUAMU
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deposited. We call that space the “Paleo space” as each plane
of that space represents a paleo-surface.

One method of extrapolation is based on geostatistics.
Geostatistics main requirement is that distance between two
grid nodes is the same in the current space or in the Paleo
space anywhere in the volume. In the two cases shown below
(Fig. 3), where we constructed a 2D grid with pillars parallel
to some faults (and truncated by other in the case of the Y-
fault example) it is clear that original distance between two
samples is not preserved from the top to the bottom of the
reservoir or that the restored space distances do not match
the original depositional distance.

These artifacts lead to volume deformation, wrong spa-
tial correlation of well samples, wrong geobodies computa-
tion, and wrong volumetrics.

Introducing the Paleo-geochronological
Transformation

The pillar approach based on being able to construct
column of cells from a top horizon to a base horizon while
honoring faults introduces large deformation of the trans-
formation of the XYZ space to the Paleo-space which leads
to erroneous volumes.

To correct these problems we are introducing a new full
3D transformation from the XYZ space to the Paleo-space
called the “UVT-Transform”. The construction of this trans-
formation is simple. We assign to a given horizon (seismic

News from the
Russian Branch
of Paradigm™

In the second half of February, HP and Intel made an announce-
ment of the completion of realization of the project on construction
of a computer complex intended for solving problems of seismic
data processing and migration for the company Paradigm™. This
complex is based on the innovative clustering technology of HP and
Intel and provides computational capabilities necessary for the oil
and gas sector of Russia.

New computational capabilities of the complex will enable
Paradigm™ to significantly accelerate seismic data processing for
their customers by reducing the time of the operational cycle and
improving the quality of the results. While the volume of data to be
processed is constantly increasing, and time allocated for its process-
ing is being reduced, the new complex will enable the Paradigm cus-
tomers to quicker and more efficiently perform computation, search
and exploration of new hydrocarbon resources and increase reserves.
“Being a leading supplier of technologies for processing and
interpretation of geological and geophysical data, and also -
designing of well drilling, Paradigm™ devotes special attention
to extending of its own computational capabilities, which will
enable them to reduce the operational cycle time during data
processing, — said Nikolai Baranskiy, Paradigm vice president
for operations in Russia and the CIS countries. — Working in
close cooperation with our engineers, HP and Intel proposed the
optimal innovative solution developed for our sector, which will
enable Paradigm™ to expand the range of rendered services and
meet the demands for seismic data processing and migration.”
HP ProLiant DL140G3 servers on the basis of quad-core processors
Intel® Xeon®, series 5300 were used as computational nodes; they
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ApTedaxTbl MeTOda «UN1apOoB»

J1 THAPOAMHAMUYECKOIO MOJEIUPOBAHUA U OIIpejere-
HUS XaPAKTEPUCTHUK KoJUTeKTopa 3D ceTka JOo/mKHA OBITh 3a1107-
HEHA CBOMCTBAMH, TAKHUMH KAK IE€CYAHHUCTOCTb, OPHUCTOCTH,
IIPOHULIAEMOCTb U T.J. JJaHHBIE CBOHCTBA OOBIYHO HU3BECTHBHI B
TOYKAX CKBAKUH U HACBIIIEHUE CETKHU 3aKJII0YAETCA B I'€0JIOTH-
YECKON «IKCTPANOIALIMN> 3TUX 3HAUYEHUI OT CKBAKUH B I'€0JIO-
THYECKOE IIPOCTPAHCTBO. Hambonee 04eBU/THO, 9TO IS SKCTPa-
IOJSILMHU Te0IoraM U Pa3zpaboTIuKaM HEOOXOANMO padoTaTh
B TaKOU Cpeie, TA€ HE CYIIECTBYET I'PAHUIL U PA3JIOMOB, U 3TO
BO3MO’KHO IIPU YCJAOBHUM HMHUTAIMU TOH CpEJbl, B KOTOPOU
IIPOXOJUIO OCA/JIKOHAKOIIJIEHHE. DTy Cpey MOKHO Ha3BaTh
«IIAJIEONIPOCTPAHCTBOM», TAK KaK KAXKAAs ILIOCKOCTD 3TOM CPEJIbI
TIPEACTABIAET COOOH MAIEOTIOBEPXHOCTD.

O1H IOJXO0/1 SKCTPATIOJIAIIY OCHOBBIBAETCSA HA T€OCTATHC-
THKE. OCHOBHOE yCJIOBHE MCIIOIb30BAHUSA I'€OCTATUCTUYECKUX
METOZIOB 3aK/II0YAETCS B TOM, YTOOBI PACCTOSIHUE MEXIY ABYMS
Y3/1AMH CETKH B TEKYIIEH I€OJIOTHYECKOH CUTYallMH U B IIAJIE€OII-
POCTPAHCTBE OBLIIO OAWHAKOBBIM B JII000 TOUKE 00beMa. B 1Byx
Cay4asax, MOKAa3aHHBIX Ha pUC. 3, 2D ceTka ¢ mwiiapamu Obuia
TMOCTPOEHA MAPAJUIETBHO OTPAHUYUBAIOIINM HAPYHICHUAM (K
BAPUAHT CETKHU B CIy4dae ONEPAIONUX HapyleHurt). O4eBUIHO,
YTO PACCTOAHUE MEXTY TOYKAMHU B KPOBJIE U IIO/IOIIBE PE3EPBY-
apa He COXPAHEHO, U ITO PACCTOSIHUE HE COOTBETCTBYET HAYAJIb-
HOMY PACCTOSHHUIO, HA 3TAIlE OCAAKOHAKOIUIEHHS.

3t apredakTel, KaKk CJI€JCTBHE OOBEMHOH /e opMalinmy,
BEAYT K OIMOOYHOH IPOCTPAHCTBEHHON KOPPEIAIUU CKBa-

HoBocTu ot
POCCUNCKOro otTaeneHus
KomnaHum Paradigm™

Bo BTopor nonosuHe despans komnauum HP u Intel o6bsasunu o
3aBEpLUEHNN peanu3aunuy MpoekTa Mo MOCTPOEHUID BbIYUCUTENBHOMO
KOMMJIeKca NS pelleHns 3aja4 06paboTknm U MUrpaumm CencMu4ecknx
JaHHbIX Ang komnauun Paradigm™. [JaHHbIi KOMMAEKC OCHOBAH Ha UHHO-
BaUMOHHON KnactepHoi TexHonoru HP u Intel n npegocTtasnser Bbiqnc-
JIUTESIbHbIE MOLLHOCTM, HE06X0AMMbIE HeddTErasoBoi oTpacnu Poccun.

HoBble BbIYUCNTENbHBIE PECYPCbl KOMMeKca no3gonat Paradigm™
3HAYUTENbHO YCKOPUTbL 06pPaboTKy CEMCMUYECKUX LAHHBLIX ANS CBOWX
KNWEHTOB, COKpaTUB BpeMs paboyero LMKNIa M MOBbICUB KayeCTBO
pesynbTatoB. B T0 BpeMs Kak 06bembl 06pabaTbiBaeMbIX AaHHbIX MOC-
TOSIHHO PAcTyT, @ CPOKW, OTBOAMMbIE HA MX 06PabOTKY, COKpaLLalTCS,
HOBbI KOMMNJIEKC NMO3BOMUT 3aka3ymkam Paradigm 6bicTpee 1 adhhek-
TWBHEE MPOWN3BOAMTL PaAcYeTbl, OCYLIECTBAATb MOMCKM U pa3BeaKy
HOBbIX Yr/1IEBOJJOPOAHbIX PECYPCOB 1 HapaliMBaTh 3anachl.

«KomnaHus Paradigm™, sBnssicb BeAyLLWM NOCTABLUMKOM TEXHONOTUIA st
06pabOoTKM 11 MHTEPMPETALWM Fe00ro-re0dr3NECKIX JaHHBIX, a TAKXKE NPOek-
TUPOBAHUSA CKBXXMH 1 BYPeHUs, yaenseT 0co60e BHUMaHWE YBESINHeH0 CoOC-
TBEHHbIX BbIMUCIATESbHbIX MOLLHOCTEN AN1S COKPALLIEH!S BDEMEH! NPOU3BOJAC-
TBEHHOTO LKA NPy BbINOIHEHUN 06paboTKu, — FroBOpUT Hukonai bapaHckuii,
BuLe-npe3naeHT Paradigm no onepaumsam B Poccun n CHI. — PaboTas B TeCHOM
COTPYOHWUYECTBE C HALWMMM MHXeHepamu, KomnaHun HP u Intel npegnoxunn
Hanbosee ONTUMaIbHOE MHHOBALIWMIOHHOE PELLIEHNE, Pa3paboTaHHOe Aisl HaLLei
oTpacnu, KoTopoe No3Bonut Paradigm™ pacLUmMpuTb CNEKTP NPEeA0CTaBISeMbIX
YCNYr 1 YAOBNETBOPUTL PACTYLLWIA CIPOC HA YCAYrA N0 06paboTKe 1 MUrpaLn
CeiCMNYECKMX AaHHbIX>.

B kayectBe BbIYMCIIMTESIbHBIX Y3JI0B MCMONb3YHOTCA cepBepbl HP
ProLiant DL140G3 Ha 6a3e 4eTblpexbsafepHbIX npoueccopos Intel®
Xeon® cepumn 5300, xapakTepuayroLmecs c6anaHCUpPOBaHHOR CUCTEM-
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Grid in XYZ space
CeTka B npocTpaHcTee XYZ

Grid in Paleo-space
CeTka B NaneonpocTaHcTBe
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SKMHHOHM MH(pOpMAIUH, HENPABUIBHOMY OIIpe-
JICJICHUIO T'€OJIOTHUYECKUX TEJI U PacdeTy oobema

Grid in XYZ space
CeTka B npocTpancTee XYZ

Grid in Paleo-space
CeTka B NaneonpoCcTpaHcTBe

JIOBYIIKH.
,i}’ [= 2 BsegeHve B naneo-
e o ! FEOXPOHOMOMMYECKYIO
I TpaHcdopMaLIo
- . IToaxon ¢ uCHOAb30BAHHUEM ITIJLIAPOB, OCHO-

BaHHBII HA BO3MOXXHOCTH (POPMUPOBAHUS KOJIOH-
KU sTY€EK OT KPOBJIU I'OPU30HTA K €0 IOJIONIBE, C
Y4ETOM HaIlPaBJIEHUI Pa3JIOMOB, IPUBOJUT K 3Ha-
YUTEIBHOU JJe(hOpMAIUH BCEH KOHCTPYKIIMH IIPH

@ Fig. 3. Top graph: Deformation of distances hetween the top and bottom of the res-
ervoir induced by the pillar gridding (oppositely dipping faults case). Bottom graph:
Deformation of distances between the top and bottom of the reservoir induced by the

pillar gridding (Y-fault case).

@ Puc. 3. BepxHas cxema: gethopmauuns paccTosHUiA B KPOBNE U NOJOLUBE NnacTa, B
CNyyae NOCTPOEHUs CETOYHOI MOJENN HA OCHOBE NUNNAPOB B NPEAenax TEeKTOHUYECKUX
Hapywenui. HuxHas cxema: nedhopmaums paccToAHUA B KPOBNE W NOJOLUBE NNacTa, B
Cnyyae noCTPOEHUs CETOYHOW MOJENN HA OCHOBE NUNNApPOB B NPEfenax onepsoLero

HapyLIeHus.

are characterized by a balanced system architecture and optimal
price/performance ratio. Total amount of processor cores in the
complex is 512; the planned peak performance will be over 4.7 tera-
flops, total RAM space — over 1 TByte. Network infrastructure of the
computational cluster is built on the basis of ProCurve solutions of
HP. OS Linux is used as the operating system for the computational
nodes of HP cluster.

This is the first installation of Paradigm on the basis of the quad-
core technology. The project of the computational complex integra-
tion was realized by the specialists of HP and Paradigm, and the
cluster was delivered in the record time — within one month.

“We see today that HPC become more and more important in
the business of oil-and-gas companies worldwide including Russia,
as the results of computations affect decision-making on the field
development and evaluation of possible risks, — mentioned Owen
Camp, vice president and general director of HP Russia. — The
developed cluster will enable the Russian customers to considerably

HedtonlrasEBPA3UA

Ex =8l rpancdopmanuu XYZ HPOCTPAHCTBA B MAJIEOTI-
POCTPAHCTBO, YTO BEJET K IIOJIYYEHHUIO OIIHO0Y-
HBIX OO'BEMOB.
1 | Pemenne nDOJOOGHBIX NHPOOIEM BO3MOXK-
. i 1 i8] =HO myreM HOBOH HOJHOH 3D TpaHchopMauuu

(UVT - mpeo6GpazoBanue) u3d XYZ IMPOCTPAHC-
TBa B IIaJI€ONPOCTPAHCTBO. DTa TpaHChHOpMALHA
OCYIIECTBIIAETCA JOBOJIBHO IPOCTO. YHUKAIBHOE
reoxponoJsorudeckoe Bpems (T) nmpucsanBaerTcs
KaXKJON TOYKE I'OPU3OHTA CEMCMHUYECKOU UHTEP-
NpETAlMU U/WIN CKBAXUHHBIM MapkepaM. B XYZ
MIPOCTPAHCTBE ITOBEPXHOCTD, ONIPEAEAeMas 3HaA-
yeHueM T, OyzeT HAPYIIEHHOH Pa3JIOMaMH WU
cxiagkamy, a B UVT npocTpaHCTBE, HOBEPXHOCTD
Oyger posHOH (Twockoi). Koopaunater «UV»

@ Paradigm, Intel and HP succeeded in expanding
capacities for seismic data processing for the Russian
oil and gas companies.

@ YcnewHoe coTpyaHMYecTBO Komnanuii Paradigm,
Intel u HP no3BonuN0 pacwMpuTb MOLLHOCTH ANs
06paboTKM cecMUYECKMX AaHHbIX, MUCNOJb3YEeMbIX
POCCUIACKMMMN HE(hTera3oBbIMM KOMNAHUAMM.

HOW apXMTEKTYPOR, a TakXKe ONTUMaSibHbIM COOTHO-
LUEHNEM LieHa/npom3BOAUTENbHOCTL. O6LLee Komu-
4eCTBO MPOLECCOPHLIX sAep B Komnnekce — 512,
niaHnpyemas nukoBas NPOM3BOAMTENBHOCTb COCTa-
BUT 6onee 4,7 Tcnonc, cymmapHbin 06beM onepa-
TUBHOW NaMsATW BbIYMCANUTENIbHOIO nons — 6osee 1
Tb. CeteBas WMHMPACTPYKTYpa BbIYUCAUTESIbHOIO
Knactepa mocTpoeHa Ha 6as3e pelueHun ProCurve
KomnaHum HP. B kayectBe onepaunoHHOW CUCTEMbI
Ha BbIYUCNUTENbHbLIX y3nax Knactepa HP ncnonbay-
etcs OC Linux.

[ns Paradigm aT0 nepsas MHCTannAUus Ha 6ase YeTbipexsaepHoil Tex-
Homoruu. pOoeKT NHTerpaumnmn BbIYUCANTENBLHOrO KOMMeKca Obil peanu-
30BaH cneuuanuctamu HP u Paradigm, npu 9T0M nocTaBka knactepa 6bi1a
OCYLLIECTB/IEHA B PEKOPAHO KOPOTKME CPOKU — B TE4EHME OAHOM0 Mecsua.

«CerogHsa Mbl BUAWUM, YTO BbICOKOMPOWU3BOAUTENbHbIE BbIYUCAEHUS
3aHMMAIOT BCe 60Jiee BaXXHOE MEeCTO B 6U3HECe HeqpTerasoBbix KoMMa-
HUA MO BCEMY MUPY, B TOM 4ucnie n B Poccumn, NOCKONbKY pe3ynbTaTbl
MPOBOANMbBIX PACHeTOB BAWUSIOT HA MPUHATAE PELIEeHWA 0 pa3paboTke
MeCTOPOXXAEHUA 1 OLIEHKY BO3MOXHbIX puckoB, — oTMeTun OQyaH Kemn,
BULIE-NPE3UAEHT U reHepanbHblii anpektop HP Poccus. — Co3paHHbiii
KfiacTep MO3BOJSIUT POCCUNCKUM 3aKad4yukam 3HAYUTENbHO CHU3UTb
U3OEPXKKN, 9P(EKTUBHO MCMOSIb30BATh PECYPCbl U, TakuM 06pa3om,
3aMEeTHO YNyYLINTb KOMMEPYEeCcKne nokasatenu, 6bICTPO U Ka4eCTBEHHO
MpOBOASA HEOOXOAUMbIE PACYHETbI>.

«[ng pa3paboTKM OLHOr0 MECTOPOXAEHUs HepTW unu rasa pas-
Be[blBaTe/lbHas KOMMNaHUA AOSHKHA 06paboTaTb WHGOPMAaLNID 00b-
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interpretation scattered points and/
or well markers) a unique geochro-
nological time (T). In the XYZ space
the surface defined by that T will be
faulted and folded, but in the UVT
space, the surface will be a plane (by
definition). The UV represents the
two other dimension of the Paleo-
space and defines the paleo-geogra-
phy of each T plane. Given a collec-
tion of (X, Y, Z) points where (U, V,
T) is known this transformation is
interpolated using D.S.I. in the vol-
ume where faults are discontinuities.

The key to the “UVT Transform”
or paleo-geochronological transform
is that this transformation is defined
everywhere in the 3D space. Horizons surfaces are result of
this transformation and not an input. This is the fundamen-
tal step change.

Introducing the Geologic Grid

Using the paleo-geochronological transform we can
construct a grid inside the XYZ space. This grid will not have
cells column parallel to faults, i.e. cells will be split by faults
and offsetted by the fault throw. An image of such a geologic
grid is shown below (Fig. 4). The constant cell dimensions
and their regular shape across the entire domain is ensured
through the use of specific D.S.I constraints when interpolat-
ing the paleo-geochronological transform.

reduce costs, efficiently use resources and, therefore, improve their
commercial performance by quick and high-quality computations.”

“For development of an oil or gas field, the exploration company
has to process information of at least 100 TByte, which is ten
times more than the total volume of the published information
accumulated by the U.S. Congress Library, — said Dmitry Konash,
tegional director of Intel Corporation in the CIS countries. — That
is why the oil and gas sector has got one of the most dynamically
developing computer infrastructures on the basis of high-perfor-
mance systems — annual growth of computational capabilities
of the world oil and gas sector varies from 50 to 100 percent.
Software algorithms used by exploratory companies for discovery
of oil fields are extremely sophisticated, and their complexity is
still developing. Quad-core processors Intel Xeon on the basis of
micro-architecture Intel Core display excellent performance, espe-
cially in applications for seismic analysis used for hydrocarbon
field exploration.”

It is necessary to note that, according to the recent rating listing
of 500 high-performance computer systems in the world (Top500),
354 positions in it are taken by SMP-systems and clusters on the
basis of Intel® processors.

In the 4th Quarter of the last year, Intel officially announced that
a new generation products were released — a family of processors
code-named Penryn which is created on the basis of the advanced
45-nm manufacturing technology. Intel anticipates that computa-
tional nodes on the basis of the latest 2- and 4-core processors,
designed based on the 45-nm technology, will find the widest
application in clustering complexes used by the oil industry for
hydrodynamic calculations, seismic data processing and graphical
simulation (for more detailed information on 45-nm Intel technology
see OGE, Issue 2, 2008, page 13, and also our web-site: http://www.
oilandgaseurasia.com/ru/news/p/2/news/1772).
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@ Fig. 4. Cell Geometry Inside a Geologic
Grid and Fault Throw

@ Puc. 4. TeomeTpusa a4eek B
reonorM4eckoi ceTke B npepenax
TEKTOHUYECKNX HapYLLEHUH

IIPEJICTABIAIOT OCTAJbHbBIE IBA U3MeE-
pEHUs MAJICONPOCTPAHCTBA U OIIpe-
JEeNAI0T najseoreorpaduio Kaxgou T
IUIOCKOCTH. /11 3aJaHHBIX TOYeK (X,
Y, Z) c ussectaeiMu (U, V, T) xoop-
JUHATAMH, PE3YJIbTATBI 3TOTO IIpe-
00pa3oBaHUsl HHTEPIIOJHPYETCS C
UCIIOAb30BaHueM anropurma D.SI. B
IIPOCTPAHCTBO, B KOTOPOM Pa3/IOMBI
OCTAIOTCSI Pa3pbIBHBIMU HAPYIIEHHU-
SIMUL

Koy k nonnmanuio «UVT — mpeo6pa3oBaHus» WIH I1AJIE0-
T€OXPOHOJOIMYECKON TpaHC(hOpMAaIMK B TOM, YTO 3TA TPAHC-
dopmanysa NPOUCXOIUT B KAKIOH TOYKE TPEXMEPHOIO IIPO-
cTpaHCTBA. IIOBEPXHOCTH T'OPU3OHTOB SIBJIIIOTCS PE3YJIBTATOM
3TOrO NPEeOOPA30BAHMUS, 4 HE BXOJHBIMU JAHHBIMU. DTO (PyHzAa-
MEHTAJbHOE U3MEHEHHE IIOX0/Ja K MO/IETUPOBAHUIO.

[ lpedcTaBneHme 00bekTa reonorM4ecKor CETKM

C HCIONb30BAHUEM I1AJIE0-TEOXPOHOJOTHYECKOH TPaHC-
dopmManuu ceTKa MOXKET ObITh IIOCTPOEHA BHYTPU XYZ IIpo-
CTPAHCTBA, IIPU 3TOM KOJIOHKH C SYEHKAMU HE JOJDKHBI OBITH
HAIIPaBJICHbl NAPA/UICIBHO PAa3joMaM, S4YEHKU MOTYT Iepece-

emom He meHee 100 Tb, 4T0 B HecATb pa3 60fiblie BCero o6bema
nevyaTHON MHpopmaLuMn, HaKonneHHon 6uonuotekoinn Kornrpecca CLLA,
— coo6wwmn Omutpuin KoHaw, pernoHanbHbli AUPEKTOp Kopropawuuu
Intel B cTpanax CHI. — Mo3atomy HedpTerasoBasi oTpacnb 065agaet
OHOW M3 Hambonee AMHAMUYHO PA3BMBAKOLLMXCA KOMMbHOTEPHbIX
MH(PACTPYKTYp Ha 6a3e BbICOKOMPOU3BOANUTENIbHbIX CUCTEM — POCT
BbIYUC/INTENbHBIX MOLLHOCTEA MUPOBOW HedTerasoBoil oTpacnv B
uenom coctasnset ot 50 go 100% B rog. [porpammHble anropuTMbl,
NCMONb3yeMble Pa3BeAblBaTENbHbIMIW KOMNAHUAMI ANg 06HAPYXeHUs
HE(TAHbIX MECTOPOXXAEHUIA, YPE3BbIYANHO CIIOXHbI, MPUYEM UX CIT0XK-
HOCTb NPOJOIKAET pacTu. HYeTbipexbanepHble npoueccopsl Intel Xeon
Ha 6a3e MUKpoapxuTekTypbl Intel Core LEMOHCTPMPYHOT OTIMYHYIO
MPON3BOANTESTILHOCTb, 0COBEHHO B MPUMNOXKEHUAX AN CENCMUYECKOro
aHanm3a, UCnosb3yembiX AN MOWCKOB U Pa3BeAKW MECTOPOXAEHUN
YreBo0pOL0B».

Heo6x0AMMO OTMETUTb, YTO COrMACHO HeLABHEMY CMWUCKY PerTUHra
500 Hambonee BbICOKOMPOW3BOANUTENbHbIX BbIYUCIUTENBHBIX CUCTEM B
mupe (Top500), 354 no3uunu B Hem 3aHumaroT SMP-cucTembl 1 KnacTe-
pbl Ha 6a3e npoLeccopos Intel®.

B uyeTBepTOM KBapTane npowsioro roga kKomnauus Intel oduum-
abHO 06bABMNA O BbIMYCKE MPOAYKLMM HOBOFO MOKOMEHUS — Mpo-
LLleCCOPOB, CEMENCTBO KOTOPbIX B HACTOSALLEE BPEMS MMEET KOJOBOE
HauMeHoBaHue Penryn u co3gaHo Ha 6a3e nepefoBon 45-HM Npo-
N3BOLCTBEHHON TexHomnorun. Intel oXupaet, 4T0 BbIYUCAUTENbHbIE
y3Nibl Ha 6a3e HOBEMLINX ABYX- U YeTblpexbsAepHbIX MPOLECCOPOB,
CO3[aHHbIX N0 45-HM TEXHONOrMM HaayT camoe LUMPOKOE NpUMeHe-
HUE B KNACTEPHbIX KOMMNeKcax, UCnosib3yembix HeTAHMKAMMU ANis
rMapoAMHAMUYECKMX PacyeToB, 06pabOTKM CENCMUYECKNX LAHHbIX
U rpagmyeckoro mofenuposanus (6onee nogpobHas WHMopmMaLns
0 45-Hm TexHonoruu Intel npeactaeneHa Ha cTpaHuuax HIE, Ne 2,
2008, ctp.13, a TakKe Ha Hawem cainTe: http://www.oilandgaseurasia.
com/ru/news/p/2/news/1772).
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A Step Change
in Modeling

Table 5
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Geological setting

Pillar modeling time

SKUA modeling time

The new uni-
fied modeling
approach is a step
change in model-
ing. There are no
horizon surfaces to
create, no pillars to
create between a
top and a bottom
horizon, no pillars
to align when faults
are in contacts,
four time-consum-
ing steps. The user
constructs a fault-
ed volume and all
horizons and 3D
grids are construct-
ed simultaneously
as the paleo-geo-

Compressive environment

30 faults

Reverse faults 3 days 2 hours
Large displacements

Extensive environment .

51 faults gnﬁ]d;[:tﬁs“ RS 3 hours
3 thin beds and 12 horizons

Highly compressive thrust 2 Weeks 2 hours

Tabnuuya 5

[eonornyeckas o6cTaHOBKa

Bpems mogenuposaHns Ha 0CHOBe
«MANNAP-TEXHONO Wil »

Bpems mogenuposanns B SKUA

30 cbpocoB

B3a6pochl

3HayuTeNbHble AUCNOKALMM B 3 oHAa 2 Yaca
YCNOBUSAX CXaTUs

3HaunTenbHas nnowans MocTpoeHo 4 Mogen

51 cbpoc 2 MecAla 3 yaca
3 TOHKMX nnacta u 12 ropusoHTOB

CunbHoe 0ceBoe CxaTtne 2 Hegenu 9 yaca

chronological transform is computed.

Working with a paleo-geographically ‘correct’ mesh,
geobodies, reservoir properties and other attributes can be

correctly modeled in their depositional state.

The volumic approach is a step change compared to
previous modelers. All the models constructed with the new
unified modeling approach can be constructed in hours ver-
sus weeks or months. Below is a table comparing pillar-based

KaThCsS PA3IOMaMH U HHTEPBATAMH CMEUICHUI B PA3IOMAaX.

N306paKeHne MOJZOGHOM reOJIOTHYECKON CeTKU HPEICTABICHO
Ha pUC. 4, TAE MOKA3aHA FEOMETPUA BHYTPEHHEH I'€OJIOTHYECKOH

CETKH M CMEIEHUH 10 pa3noMaM. [IoCTOSAHHbBIE pa3MephI TYEEK

YECKOT'O IIPEOOPA3OBAHUS.

U UX OPaBWIbHAS (opMa 0OECHEUUBAIOTCS HCIOTb30BAHUEM
OIIPEJICICHHBIX OTPAHUYUBAIOIINX YCIOBUH IIPU HHTEPIIOJIS-
nuu Merogom D.S.I. B Xoi€ BBIIOIHEHUSA ITAIE0-T€OXPOHOJIOTHU-

adv

HedtonlrasEBPA3UA
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modeling time and SKUA modeling time (Table 5). The mod-
els built in the new unified modeling approach contain all
interpreted faults while traditional models have fewer and
deformed faults to follow the pillar model constraints.

Better Reservoir Models

The construction of geological models that honor struc-
tural and stratigraphic complexities lead to the construction
of better reservoir models, which enable better history
matching, and enable better production forecasts.

Requirements for flow simulators and geological mod-
eling grids are different and the new unified modeling
approach differentiates between a geological grid and a
flow simulation grid which is not the case for most model-
ing applications. Flow simulation grids created in the new
unified modeling approach are corner point grids which
can have faults represented as pillars or as stair steps across
mostly vertical pillars (Fig. 6). The choice is left to the reser-
voir engineer which technique will be used. Correct upscal-
ing from the geologic grid to the reservoir grid is insured
because of the information contained in the unified volumic
model.

Conclusion

Today modeling technology suffers from the assump-
tion that geological grids and reservoir flow simulation
grids should be modeled similarly. In fact, none are modeled
optimally. Using the paleo-geochronological transform the
new unified modeling approach revolutionizes the world
of geological modeling producing in record time paleo-geo-
graphically “correct” mesh and a future paper will show how
the new unified modeling approach also revolutionizes the
world of reservoir flow simulation grids.

Removing the modeling barrier makes it possible to
provide better reservoir models that will allow better history
matching, which will produce better production forecast. In
parallel, it will enable studying of more geological scenarios,
thus reducing overall exploration and production risk.

@ Fig. 6. Stair-Step Flow Simulation Grids Generated by Unified Modeling Approach
@ Puc. 6. CTyneHyatble CeTKNU AN UMUTALMKU NOTOKA, CO3/aHHbIE C
ucnonb3osaHuem SKUA
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[MoVHUMNMAaNBHO Opyron Noaxoq
K MOOENMPOBAHMIO

HoBBINT YHU(PUITUPOBAHHBIN MOIXO/ MTO3BOJISIET KOPEHHBIM
06pa3oM IepecMOTPETh MPOIECC MOAEIUPOoBaHuA. Her Heo6xo-
JAMOCTH CO3JaBaTh IOBEPXHOCTU TOPU3OHTA, CO3JABATD ITH/UIAPbI
MEKIY KPOBJIEH U ITOOIIBOM, HE HY?KHO BBICTPAUBATD ITMIJIAPHI HA
3aMBIKAaHUM PA3JIOMOB — TO €CTh, 32 CYET COKPAIIEHUS BCEX ITUX
JUIMTEIbHBIX 3TAIIOB SKOHOMUTCA BpeMms. ITob30BaTenb CTPOUT
TEKTOHUYECKYIO MOJIE/Ib, 4 BCE TOPHU30HTBI U OOBEMHAS CETKA CTPO-
ATCA OJHOBPEMEHHO C PACYETOM NAICOXPOHOJIOTHYECKOM TPAHC-
¢dopmann. PaboTass ¢ MajeoXpOHOJIOTHIYECKHIMH «KOPPEKTHBI-
MM»> STYEHKAMH, MOKHO IIPABIJIBHO MOJIE/TUPOBATD I'€OJIOTHYECKHUE
Tes1a, KOJUIEKTOPCKHAE CBOMCTBA U IPYTHE XaPAKTEPHUCTHKH.

OOBEMHBIN IIOAXO]], SIBISIETCSI IIPOPBIBOM IO CPABHEHHIO C
CYHIECTBYIOIIMMH TEXHOJIOTHAMU MOJEIUPOBaHMA. Bee mozeny,
IIOCTPOEHHEBIE G1aroapsi HOBOMY YHU(PHUIIMPOBAHHOMY IIOIXO/Y,
3aHSUIM 9ACBbl B CPABHEHUH C HEJIE/SIMU U MECALIAMU, OTBEJCHHBIMU
JULSI MOJIETMPOBAHMSL. B Tabmuiie 5 IpUBOAUTCS CpaBHEHUE BpeMe-
HH, 32TPAYEHHOI'O Ha IOCTPOEHHE MOJEJEH C HCIOIb30BAHUEM
TEXHOJIOTUI, OCHOBAHHBIX HA IIUIAPAX, U HOBOM TEXHOJOTUU
mozempoBanua SKUA. Mojeny, CO30aHHbIE C IIOMOIIBIO HOBO-
TO IMOAXO/A BKIIOYAIOT BCE HAPYIICHM:, IIOJYYEHHBIE HA JTAIle
HHTEPIIPETAIMU, B TO BPEMA KAK B TPASUIIMOHHBIX MOAXOAAX, C
HCIOJIb30BAHUEM ITWUIAP-TEXHOJIOTUH, HAPYIIEHHUA ITPUXOAUTCA
J1e(pOPMHPOBATH WIN HTHOPHUPOBATH HEKOTOPBIE U3 HUX.

[TOCTPOEHWE Bonee TOYHbIX
MO00OMHAMUYECKX MOLENEM

ITocTpoeHUE TeOJIOTUYECKUX MOJIENICH BKIIOYAIONUX BCE
CTPYKTYPHBIE U CTPATUIPAPUUIECKHE OCOOGEHHOCTU CPEIBI 1103~
BOJIIET CO3/1aBaTh OOjiee KAuyeCTBEHHBIE TI'MAPOJIMHAMUYECKHE
MO/IETH, KOTOPBIE JIY4YIlle COOTBETCTBYIOT UCTOPHUH PA3PAOOTKHU
M ITI03BOJISIIOT 60J1€€ HA/IEKHO IIPOTHO3UPOBATH /I00BIYY.

Tpeb6oBaHUs K r€OJTOTMYECKUM CETKAM U CEeTKaM IS THIPO-
JUHAMHUYECKOTO MOJEIUPOBAHMA PA3IMYHBI U HOBBIF IMOJXO],
MOJEIMPOBAHUA NTO3BOIET JU(DHEPEHIINPOBATD 3T CETKH, YTO
HE JIeJIA€TCs IIPHU CTAHAAPTHOM Ioaxoze. CeTKH Ui T'HAPOMO/Ie-
J'II/IpOBaHI/IH, CO3JaHHBIE B HOBOM HpOFpaMMHOM HpPL’IO)KeHI/II/I
MOI'YT BKJIIOYATh Pa3JIOMBI, KaK B BHUJE NMWIIAPOB (HAIIPABIIAIO-
IUX BEKTOPOB), TAK 1 B BU/IE CTYIIEHEK B/IOJIb BEPTUKAJIBHBIX ITHJI-
napoB (puc. 6). BEI6GOP METOIMKH OCTAETCS HA YCMOTPECHUE HHIKE-
Hepa-pa3padboTyrka. Ha ocHOBe nH(pOpMAaIuy, CoJepsKaIeHCs B
OOBEMHON MOJIENIU, MOKET IIPOBOAUTHCS YKPYITHEHHE CETKU.

BbiBObI

B HacTosmee BpeMsi Ha TEXHOJIOTUAX HETATUBHO CKA3bIBa-
€TCsI YCJIOBHE O TOM, YTO I'€OJIOTHYECKUE CETKU U CETKH IS TH/I-
POIMHAMHYECKOTO MOAETUPOBAHUS JOLKHBI MOAETUPOBATHCS
OJMHAKOBO. B pe3ysibrare MOAECIMPOBAHNE HU TEX, HU JIPYTUX
HE II0JYYAeTCHd ONTUMAIbHBIM. C HCIOIB30BAHUEM IAJIEO-T€O-
XPOHOJIOTUYECKOTO IIPEOOPA30BAHUS, HOBBIH KOMIUIEKCHBIN
HOAXO/ BHOCUT PEBOJIIOIIMOHHBIE U3MEHEHUSI B 06JIACTD T'€0JI0-
TUYECKOTI'O MOJETHUPOBAHMUSA, ITO3BOJISISI CO3/]AaBATh B PEKOPIHO
KOPOTKOE BPEMS NAJI€0-TeOrpPapUIECKH «KOPPEKTHBIC> TUCHKU.
B cnepytomeit pabote OyAyT MOKA3aHBI PEBOIIOITMOHHBIE U3Me-
HEHMsA, KOTOPbIE BHOCUT HOBBIN KOMIUIEKCHBII IIOJXO/]] B CO3/1a-
HUE CETOK /IS TU/IPOJUHAMHYECKOT'O MOJIETHUPOBAHUSL.

Vcrpanenue 6apbepoB B MOJETUPOBAHUU ITO3BOIUT CTPO-
UTh 0OJIe€ KAaYECTBEHHBIC MOJE/IU IIIacTa ¢ 607ee TOYHBIM
COTTIACOBAHUEM HCTOPHH PA3PAOOTKU MECTOPOKACHUSA, KOTO-
pele obecrieyaT 6O0JIEe HAJEKHOE IIPOTHO3UPOBAHUE JTOOBIYU.
Ilapa/uteIbHO MOKHO OyJeT pacCMaTpPUBATH OOJIBIIEE YHCIO
T'€OJIOTUYECKUX CIIEHAPUEB, YTO IIPUBE/ET K CHIKEHHIO PHUCKOB,
CBSI3AHHBIX C PA3BEIKOU U JOOBIUETL.
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