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HoBbli B3rnAn Ha 06pa60T|<y U UHTEpPnpeTaunio CKBa>XKUHHbIX AdHHbIX

NMPUMEHEHUE
06paboTka AaHHbIX CO BCEX CKBAaXXMHHbIX
npu6opos

KomnnekcHasa nHtepnpeTauua
CKBaXWHHbIX JaHHbIX

HacTpoiika u npumeHeHue
WHAMBUAYanbHOro paboyero npouecca

Co3aaHue 0TYETHOI JOKYMEHTaLUK
HY>XHOro chopmaTa

NPEUMYLLECTBA
Bbicokan ckopocTb paboThbl 1
HaZleXXHOCTb

MonHoueHHana paboTa B
MHOIOCKBa)XMHHOM pexume

Yn06HbI U Nerkuii B 0CBOEHNN
COBPEMEHHbIN HTEpheC

WHTerpauma ¢ gpyrumu nporpaMmHbIMu
npoayKTamu

Mopaep>xka 06paboTKM COBPEMEHHbIX
CKBaXXMHHbIX MpM6OPOB BCEX BeAYLLNX
KOMMNaHum

O0COBEHHOCTH
CospaHue v npuMeHeHne cBONX
anropuTMOB MHTEpnpeTaLnm

MoBblweHne achchekTBHOCTM paboThl 3a
CYET MHOMOYUCNIEHHbIX UHTEPAKTUBHBIX
HacTpoek

Moagnepska poccuitckoro
annapaTypHOro Kkomnyiekca
lpoBeseHre nonnacToBoi
WHTEpNpeTaLmun JaHHbIX

O6pa6oTka komnnekcos bK3 n BUKN3
MonHOLEHHbI# MHOroMNonb30BaTeNbCKUA
pexxum paboTbl ¢ JaHHbIMM

MomeHTanbHaA nepefaya CKBaKMHHbIX
JaHHbIX B Petrel®

Mnatdopma Techlog* naeT BO3MOXHOCTb NOCMOTPETbL HA NETPOCN3NYECKYH UHTEpnpe-
TalMH NoJ HOBbIM, COBPEMEHHbIM YIIOM, N03BONAA PewaTh camble TPyAHbIe 3a4aqu no
KONINYEeCTBEHHOI OLIeHKEe NPOAYKTUBHbIX MHTepBanoB. 06beAuHAA BCe CKBaXMHHbIE JaHHble —
KapoTaXKHble KpUBbIE, KEPHOBbIE UCCNe0BaHNA, (hOTO, UMUIXEPbI U Apyrue — B oAuH pabouuit
npouecc, Bbl Nofy4yaeTe UHTErpUPOBaHHOE peLleHre No 0To6paxeHuto, aHanusy, MHTepnpeTa-
UMM W peAaKTMPOBaHMIo, B pamMKax 0AHOr0 MPOrpaMMHOro NpoayKTa.

O6nacTb paboTbl C AaHHLIMK CKBaXWHHO reocm3uku B Techlog npeacTasneHa 06WMpPHbLIM
1 TMOKUM hyHKLMOHAN0M, KOTOPbIA NOACTPauBaeTCA Noj Ball KOHKPETHbIE 3ajaqn 1 Lenu,
HayMHaA co CTaHAAPTHOMN UHTEpNPEeTaLMM 1 3aKaHYMBanA CI0XHbIM UHTErpupoBaHHbIM NOA-
xo4oMm. Bbl camu Bei6upaeTe HanpaBneHne, B KOTOPOM ABUraTbCA Npu paboTe € BaLIMMK
JaHHbIMMK, NONb3yACh HEOOXOAMMbIMW ANA PELLEHNA 33484 MUHCTPYMEHTaMMU.

CranpgapTHbie meTogbl neTpothu3nyeckoi MHTepnpeTauum

Techlog Quanti conep>uT Bce cTaHAapTHble AnA HedhTerasoBon 0Tpacam MeToAuKY, npea-
Ha3HauyeHHble ANA PELIEeHNA 3a/a4 Ha PasfiMyHbIX 3Tanax NocTPOeHNA neTpoduamnye-

CKOii MOJieNin: BHeCeHMe NpejiBapuTeNbHbIX NONPaBoK, OnpeaieneHne NUTONOMNK, pacyeT
hunbTpaLMoHHO-eMKOCTHbIX cBocTB (DEC) u MHorue apyrue. Kaxxaaa meToanka MoxeT
6bITb NpeacTaBneHa B rpauyeckoM pexxume, KOTOPbIii NO3BONAET UCMONb30BaTh MHTEPaK-
TUBHbIE MHCTPYMEHTbI — MNaHLLEThI, KPOCC-NA0ThI, FUCTOrpaMMbl, 60KC MAOThI U Apyrue — no
makcumymy. Techlog nossonAeT co3naBaTh U COXpaHATb CBOM paboyumit NpoLecc uHTepnpeTa-
umun, cogepxxalimin nio6oe KonMYecTBo METOAMK, ANIA UCMONb30BaHNA ero B faNnbHenLem.

Bce MeToanku MHTEprpeTaLuMm MOXHO OCYLLECTBNATL B PeXuMe peanbHoro Bpemenun. Co3zas
OAMH pa3 pa6oyuuii NpoLecc U NPUMEHMB ero K BbiOpaHHOW CKBaXXWHe, Baluu pacyeTbl 6yayT
aBTOMaTUYecKu 0GHOBNATLCA, COXPAHATLCA U BU3yanu3upoBaTbCA NPX MOCTYMIEHAN HOBbIX
JaHHbIX. Takoii MeTo4 No3BONAET ONepaTUBHO NMPUHUMATL BaXKHbIE PeLLeHNA B BpemA Gype-
HUA CKBAXUH.

[Tpumep 0fHOCKBAXUHHOIO NNAHLLIETA, COAEPXKALLEro NCXOAHYI0 nHpopMauuio (KapoTax, KepH, hoTorpaghum
KepHa u LWanghoB), a Takxe pe3yabTaTbl KOANYECTBEHHON UHTePpeTaLun.
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BcTpoeHHblii A3bIK nporpammupoBanua Python gaeT BO3MOXHOCTb
INA HanucaHUA cOOCTBEHHBIX YHIUKANbHbIX METOAMK, KOTOpPble MOTYT
6bITb OCHOBAHbI Ha JIOKAJIbHbIX 3HAHUAX, AaHHbIX U3 MOACYETa 3ana-
COB, KEPHOBbIX 3aBUCUMOCTAX U APYruX AaHHbix. OT Bac He noTpe-
GyeTcA crneuuanbHbIX 3HaHUA 1 HaBbIKOB B MPOrpaMMUpOBaHNN ANA
€03[jaHNA METOANKM, TONbKO 6a30Bble KOMaH/bl, 0CBauBaeMble 3a
HECKOJIbKO MUHYT.

Jlerkaa uHterpauua c nporpaMmMHbiMu npoayktamu — Petrel, Avocet®
U APYruMun — B 0AuH Knuk cpeacTeamu Studio®. Bonblue He HYXHO
TpaTUTb BpEMA Ha Bonpockl 06MeHa chaiinamu.

CneumanbHO AnA poccuiickux nonb3oBatenei 6bi1 CoO3haH YHU-
KanbHblii Ha6op MHcTpymeHTOB — Russian Tools (RT). OH nossonsAeT
OCYLUECTBNATb NPUBbIYHDINA anropuT™ NONacToBO MHTEPNPeTaLMUK.
Ero chyHkUMOHan npeAcTaBieH Ha6opoM NoNpaBok B 0TE4ECTBEHHbIIA
komnnekc npu6opos, pacietom OEC, aBTomaTuyeckum pasbueHuem
Ha MPONNacTK1, pacieToM CPeJHUX BEIUYNH, ONpeAeNieHueM INTo-
n0rum, co3fanunem uHanbHbIX 0TYETOB U MHOFMM ApyruM. JlaHHbIi
(hyHKLMOHaN N03BOAET OCYLLECTBATbL NOMHbIA MHTEPNPETaLNOHHbIA
umkn. Russian Tools He cToOMT Ha MecTe U NOCTOAHHO pacLUMpAET
CBOIi (DyHKLMOHaN, yunTbIBaA NOXenaHuA CBOUX NoNib3oBaTenei.

CoBmecTHO co cneunanuctamu UHIT Cubupckoro otaeneHuns
Poccuiickoit akagemumn Hayk 6bin paspaboTaH anroputm 06paboTku
nanHbix TUC npu6opos BK3 n BUKI3 - Russian Resistivity Models
(RRM). OH npesHa3HaveH anA 06paboTku AaHHbIX BbICOKOYACTOTHOIO
WHAYKLMOHHOT0 KapoTaXXHOro M3onapamMmeTpuyeckoro 3o0HAMpoBa-
Hua (BUKKU3, BAMK3 n ux moancmkaumii)  60K0BOro KapoTaxHoro
30HAMpoBaHua (BK3).
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[poyecc py4Hoi KOpPeKTUPOBKY pe3yibTaToB aBTOMaTu4eckoi nieepcu B Techlog

KomnnekcHbie MeToAbl neTpothu3nteckoil MHTepnpeTauum
Techlog, B pamkax ogHoi nnaTdopMbl, NO3BONAET B3rNAHYTH Ha
neTpodn3nyeckyto MHTEPNpeTaUnto Nog APYruM yrioM u npeanaraet
camble COBPEMEHHbIE METOAMKN A1A JOCTUXKEHNA ONTMMAbHOr0
pe3ynbTaTa B pacueTax (ounbTPaLnoHHO-EMKOCTHBIX CBOMCTB.

Quanti.ELAN (QE).

[TocTpoeHne 06beMHOI MUHEpanoruyeckoi Moaenu ¢ UCnonb3oBa-
Huem aTanoHHoro anroputma ELAN. QE peanusyeT uHtepnpeTaLuoH-
HbI/ MOAXOZA Yepe3 04HOBPEMEHHOE PeLleHNe CUCTEMbI INHERHbIX 1
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lpumep komnnexcHoi paboTel ¢ nanetkamu n Quanti.Elan 4na nocTpoeHna 06bemHoi
Mogem paspesa
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HeNMHEeNHbIX NeTpodnU3NYecKuX ypaBHeHUiA, CBA3bIBAIOLLMX NOKa-
3aHWA COOTBETCTBYHLIMX reohn3n4eckux MeToA0B C 00bEMHbIM
COAepXXaHWem KOMMOHeHT MoJeny (MuHepanos, onouaoB) U ux
netpochusnyeckumm ceoicTeamm (napametpamu). locTpous oguH
pa3 neTpoin3nyeckyro Moaenb, Bbl CMOXETe ee NPUMEHATb Ha
aHaNorMYHbIX AaHHbIX MPU CXOXMX NapameTpax 6ypeHua u cBoiicTB
pa36ypuBaemoii nopoabl. [JaHHbIii anropuTm NoAaepXXuBaeT Bce
camble COBpEMeHHbIe KapoTaXKHble NpUGopbl 1 NO3BONAET NONYYUTD
MaKCUMyM WHGhOpMaLInK 0T BaLLMX JaHHbIX. Pe3ynbTatom paboTsl
ABNAETCA 06beMHoe CoAepXXaHne KOMMNOHEHTOB UCCIeAyeMoro
nnacTa — MUHepasbl, FOpHbIe NOPOoAbl U BMeLLatoLwmii ontong, a Tak
e (hunbTPaLMOHHO-eMKOCTHbIE CBOUCTBA.

Techcore (Tco).

CoBMeCTHbI# KOMNNEKCHbIA aHann3 1 06paboTka KepPHOBbLIX JaHHbIX
¢ AaHHbIMK npu6opos M'NC. UHTepnpeTauma crneuunanbHbiX AaHHbIX
uccneAoBaHWii KepHa: BCECTOPOHHUIA aHaNU3 KanuniaApHbIX AaBle-
HWW, rpaHyNoOMeTpuUK, NOCTPOEHME MOJENN HACbILLEHHOCTH, OLEHKa
OTHOCMTENbHOW NPOHULAEMOCTM, JaHHBIX CMa4YMBaeMOCTN U MHAEKCA
conpoTusneHna. CoBMeCTHbI aHanu3 napameTpoB NPOAYKTUBHOIO
WHTEpBana, nonyyeHHoro no AaHHbiM MNC, ¢ dhoTorpacmamu kepHa B
macLuTabe 1:1.

Saturation-Height Modeling (SHM).

OnpeaeneHue HacbILLEHHOCTN NMEPEXOAHON 30HbI C UHTEerpaLuen Kkep-
HOBbIX JaHHbIX B KapoTaXHble KpuBbie. B SHM ucnonb3yotca yeTbipe
0CHOBHble (hyHKuMK - Brooks-Corey, Lambda, Thomeer u Leverett-J.
Kaxxaaa dyHKUMA UMeeT Tpu onpedendeMblX napameTpa: nopucTocTb
¢, npoHuuaemocTtb K n sqrt(K/¢). MapameTpbl MoryT 6bITb Onpeae-
NeHbl KaK 3aBUCUMOCTM OT CBOWCTB Cpefibl, Tak U 6bITb KOHCTaHTaMMU.
Mony4yeHHble KepHOBbIE MOAENYM KanUANAPHbIX JaBNEHUA MOXXHO
CpaBHMBATb C MOAENAMM Ha KapOTaXHbIX AaHHbIX CTaTUCTUYECKUM
unu rpadpuyeckuM MeToAamu.

Thin Bed Analysis (TBA).

OueHka neTpoguanyecknx CBOMNCTB TOHKOCTOUCTBIX KONMEKTOPOB.
Mpu Manoit MoWHOCTY NPONNAcTKOB, KoNnyecTBeHHanA oueHka MEC
3aTpyAHeHa, BBUAY OrpaHUyeHui, CBA3AHHbIX C BEPTUKaNbHLIM pas-
peweHuem metoaos MMC. TBA no3sonAeT pellaTh BONPOCHI, CBA3aH-
Hble C aHM30TPONMEN CONPOTUBNEHUIA B TOHKOCIOUCTAX CUCTEMAX,
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lpumep nnarweta ¢ pesynbtatamy TBA

NCMONb3yA BCH NeTPOIU3NYECKYH MH(OPMALMIO U KapOTaxHble
JaHHble. Pe3ynsTupytowmue KpuBbIe: JONA CAOUCTBIX FWH, 061K
MopoBblii 06beM, MOPUCTOCTb CAOMCTOr0 NecyYaHuka, BOAOHACHILLEH-
HOCTb, HAaCbILEHHOCTb YrNIeBOAOPOAAMMU.

Heiiponnbie cetu K.mod n IPSOM.

BoccTaHoBneHue HefocTaLWMX AaHHbIX U KnacTepu3auma faHHbIX C
MCNONb30BaHNEM UHCTPYMEHTOB HelipoHHbIX ceTell. [pouecc paboThl
MeTOAMKM OCHOBAH Ha 00y4eHUN HENPOHHOI CETU — C UCMONb30BaHU-
eM obyyatowleii Bbi6opky unu 6e3 Hee. [lanee npoucxoauT nposepka
afiekBaTHOCTU 00y4eHUA Ha NpUMepax, KoTopble B caMmoM 06y4eHnn
He y4acTBOBanu — TECTOBbIE AaHHble. B pe3ynbTaTe HEMpPOHHAA ceTb
HaxX0AMT CBA3M MeXAY MMEOLNMNCA AaHHbIMI U NO3BONAET BOC-
cTaHaBnMBaTb HegocTatowwme. [lepemacwTabupoBaHue KepHOBbIX
NaHHbIX Ha faHHble TNC Ha ocHoBe onucaHnA KepHa Unu NPogUIbHbIX
3amMepoB raMma KapoTaxka Uiy NPOHULAEMOCTM Tak)Ke MOXET ObITb
cAenaHo YMHbIMM anropuTMamu HelpoHHbIX CeTell.

3D Petrophysics (3DP).

KonuuecTBeHHan oueHka aaHHbIX TMC B cMnbHO HAaKNOHHBIX 1 ropu-
30HTanbHbIX CKBaXMHax. Bnnaxnne reometpuyecknx achhekTos Ha
kapoTax [MC HabntoaaeTcA NnpakTUYecku B KaXK A0 ropu30oHTanbHO
1 HaKNOHHO-HanpaBNeHHON CkBaxuHe. PaHee He CyLlecTBOBano Me-
TOAMKM, NO3BONAOLLENA YYUTbIBATb 9TW ABNEHNUA NPU KONMYECTBEHHON
WHTEpNpeTauum, 4To 3a4acTyH NMPMBOAUNO K CYLLECTBEHHbIM NOrpeL-
HOCTAM B ONMpejeNieHn napaMeTpoB, 0COOEHHO CKa3biBaloLLMXCA NPy
reonornyeckoM mogenuposanumn. imenHo aTo, 3a4acTyto, NpMBOAUT
K UCKNHOYEHWNIO TaKUX CKBAXMH Npu MoAenupoBaHuu. HoBbI noaxoa,
peanu3oBaHHbIi B ckBaXKMHHOI nnaTcopme Techlog, no3sonaeT
Y4uTbIBaTb 3TU reoMeTpuyeckne adhpeKTbl M NOAyYaTb CKOPPEKTUPO-
BaHHble kpueble TNC, roToBble ANA NOCNEAYIOLLNX KONMUYECTBEHHbIX
pac4eToB NETPO(U3NYECKMX CBONCTB U UX UCMONb30BAHUIO MPU reo-
NOTrMYECKOM MOJENMPOBaHMUN.

Nuclear Magnetic Resonance (NMR).

O6paboTka n MHTepnpeTauua AaHHbIX C NPU60OPOB AAEPHO-
MarHuTHoro kapotaxa. [laHHble No AfepHO-MarHUTHOMY KapoTaxy —
nonepeyHoe T2 u npofonbHOE BpemaA penakcaunn T1 1 CNnH-3X0Bble
[NlaHHble MOTYT GbITb 3arpy>XKeHbl, BU3yanu3npoBaHbl U aHaNn3npo-
BaHbl COBMECTHO C JaHHbIMM 06bIYHOM0 KapoTa)ka U AaHHbIMU Mo
kepHy. AHanus T2 pacnpedeneHna No3BoNAET paccunTaTb UHAEKC
cBo60AHOro thntonaa, 06LMiA NOPOBbLI 06bEM 1 06LEM CBA3AHHOIA

BOJibl, pa3mMep NOPOBOro NPOCTPaHCTBA U MPOHULLAEMOCTb. Takxe
NMR no3BonAeT paccuuTbiBaTh CUHTETUYECKNE KaNWANAPHbIE faBne-
HWA Ha ocHoBe T2 pacnpejeneHus.

Acoustics (At).

06paboTkm faHHbIX ¢ NpMBOPOB aKyCTMYECKOro KapoTaxa, 3a-
nucaHHbIX Ha kabene u Bo BpemsA 6ypeHnA. BoamMoXXHOCTb 3arpy-
XaTb, aHaNM3UpOBaTb U NPON3BOANTL KOHTPOJIb KaYecTBa AaHHbIX

C aKyCTUYECKNX NPUBOPOB 6ONbLUMHCTBA CEPBUCHBIX KOMMAHWIA.
Techlog npeanaraeT pasnunyHble cnoco6bl BU3yanusauum n aHanmaa
aKyCTUYeCKUX AaHHbIX, TAKUX KaK BOJIHOBbIE KapTUHbI U NPOekK-

UMM MHTEPBAbHOro BpeMeHM npo6era BosiHbl, KOMGMHUPYEMble ¢
raMmmMa-KapoTaxxem, kKaBepHOMepaMu, FreolorMyeckumMm UMnaKamm

W APYTMMIN JaHHBIMW HA 0AHOM MnaHweTe. AHanN3 aHN30TPONuK
aKyCTMUYeCKUX BOJIH OCHOBAH Ha anropuTMe YeTbIpeXKOMMOHEHTHOr0
BpauwleHna Ancopaa. MonyyeHHaa nHcopmauna MoXeT BbITb UCMOMb-
30BaHa ANA reoMexaHM4eckoro aHaamsa u onTMMM3aLmum napameTpoB
6ypeHua.

Unconventionals (UN).

Pa6oTa c HeTpaAULMOHHBIMU KONNEKTOPAMM CRaHLEBOro TUna.
Wcnonb3oBaHue pa3nuyHbix METOAOB ANA pacyeTa 06Liero opra-
HUYECKOro yrnepoja u keporeHa, Takux kak LLimokep, Maccu, no
ypaHy n AAIMK. Anroputmbl UN npon3BoaAaT KONNYeCTBEHHYHO OLIEHKY
CNnaHLeBOoro rasa, CNnaHLeBoro KoHaeHcaTa 1 cnaHueBon HedpTu

ANA fanbHelilero MoAenMpoBaHMaA CNOXHbIX KONNeKTopoB. AHann3
reTeporeHHbIX NOPOA OCHOBAH Ha knaccudmkalny ropHbIX NOPoA,
MCXOAHBIMU JaHHBIMU NPU 3TOM ABNAKOTCA MMEIOLLNECA KapoTaXHble
KpuBbIE.

[porpammuan nnatgopma Techlog npegocTaBnAeT npekpacHy BO3-
MOXHOCTb paboTaTb B MHOTOMO/b30BaTENbCKOM PEXMME 0JJHOBpE-
MEHHO, KaK ¢ CaMblM COBPEMEHHbIM KapoTaXxeM BeAyLIMX MUPOBbIX
KOMMaHWi, Tak 1 ¢ TpaAuLMOHHO He6oraTbiM CTaHAapTHBIM KOMMeK-
COM KapoTaXHbIX UCCe0BaHUN ¢ Lienbio ux Haubonee adhdekTUBHO-
ro COBMECTHOIO MCMOJb30BaHuA.
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lpumep nnaHiweTa, cogepxallero UCX0LHbIE JaHHbIE 10 aKyCTUHECKUM UCC/IEZ0BAHUAM, M1aCTOBLIM UMUXXEPaM, reosiornyeckoi uHghopmaymm o0 yrnax HannacToBaHua n
¢hoTorpaghmam KepHa.

Lnpovyaiilume BO3MOXHOCTM aBTOMATU3ALUN PYTUHHbIX 3a/1a4 MHTep-
npeTauun u pasBuTbIE MHCTPYMEHTbI MHOTOCKBAXXUHHON 06patoTkm
Mno3BoNAIT creuranucTam pa6otaTb MakCUManbHo athhekTUBHO.
Mpyn 3TOM NpAMOE B3aMMoAencTBIUE C APYrUMM NPOrPaMMHbIMMU
NPoAyKTaMu rapaHTUpyeT 6bICTPOTY Nepeaayn AaHHbIX Ans peLle-
HWA NoCeAyoLMX Fe0N0rNYeCcKMX U rnapoAMHAMUYECKNX 3aau.
YHuKanbHbIA ANA 3anafHbIX TPOrpaMMHbIX MPOAYKTOB PYCCKOA3bIY-
Hblii MHTepdIeiic NPorpamMMbl ¥ NOMHAaA NOKaAM3aUmsa ANA POCCUACKIX
nonb3oBaTeneil rapaHTMpyeT ya06¢cTBO paboThl U GbicTpoe 06yyeHne
HOBOMY MpPOAYKTY.

MeTpochmsuka B Techlog — 310 Ha6op cambIX COBPEMEHHbIX MHCTPY-
MEHTOB /1A 06pab0TKM, aHanM3a U MHTepnpeTaLmuy CKBaXMHHbIX
JaHHbIX, KOTOPbIE MOMOTYT NONY4YUTb MakCMMyM UHAopMaLMm AN
achchekTMBHON pa3paboTKu BaLLMX 3anacos.

3a 6onee nogpo6Hoii vHopmauuen o6paTuTech B npeAcTaBu-
TenbcTBO Komnanuu «Llintom6eprxe» B Poccuu unu npuwnute
3anpoc Ha Hally 3NeKTPOHHYI0 nouTy sis-qa-ru@slb.com

*Mapka LLniombepxe
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