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AxkmyanbHocmb uccrie0osaHusi 0bycriosfieHa WUPOKUM NPUMEHEHUEM 2€07102U4ECK020 MOOENUpPOBaHUs Kak Memoda U3ydeHus 3arne-
Xell Heghmu u 2a3a. B Hacmosiwjee 8pemsi coaiacHo MemoOUYECKUM yKa3aHUsM 8ce NpoekmHbie 00KyMeHmbI Ha pa3pabomky Hepmeza-
308b1X MECMOPOXOEHUU OOMKHBI 8bINOITHAMCS HA MPEXMEPHBIX 280/1020-MEXHOMN02UYECKUX MOJEnSIX.

Llenb: onpedenumb 0CHOBHbIE 3manki pa3sumusi Memoda 2e0/102U4eck020 MOOEIUPOBaHUS U pacCMOmMpPemb OCHOBHbIE hPO2PaMMHbIE
nakems! 01151 260/102U4€CK020 MOOEUPOBaHUS C Uebio YCMaHOoBIEHUS UX OCHOBHBIX NPeuMywecms u Hedocmamkos.

06BekmbI: 2e0/102U4eCKOe MOOEUPO8aHUEe Kak Memoo U3yyeHust MeEcmopoxdeHull 8 Heghmeaasogoli 2eo1o2uu.

Memodbi: komnunsyus ony6ukogaHHOU numepamypbl U URMEPHeM UCMOYHUKO8 N0 meMe Ucmopuu Memo0o8 2e0/102u4eck020 Mode-
JIUPOBaHUS U Npo2paMMHbIX NaKemosa 2e0/102U4eck020 MOOEsTUPOBaHUS.

Pesynbmambi. OnpedeneHbl, 8nepabie cKoMNUIUposaHs! 8 e0UHyo pabomy U onucaHbl 0CHOBHbIE 3Manki Pa3guMUs 2e0/102U4EeCK020
modenuposaHus kak Memoda uccredosaHust Hegomeaa3osol 2eonoeuu. [lepebili 3man 8 CMaHOBIEHUU 2e0/102U4ECK020 MOOETUPOBaHUS
— 3a710keHue npednochioK €20 803HUKHOBEHUST, KOMOPbIE 3aK/Yanuch 8 0CO3HaHUU HeobxoduMoCmU UCNoIb308aHUsT MameMamuye-
CK020 annapama 05151 onucaHusi npupodHbIX 2eonoeudeckux cucmem. Credyrowuli sman, 8 Xxo0e KOMOP0o20 nosigUIach HO8as Hayka —
Mamemamuydeckas 2eonoeus — U eé ompacsib, Hasbigaemas 2eocmamucmukod, npuwenca Ha 1950-1970-e 22. K konuy 1970-x ee. 2eo-
cmamucmuka Oobunace 3Ha4umenbHbIX ycnexos u bbin paspabomaH Mamemamuyeckull annapam Onsi aHanu3a U MOOEupo8aHust
ceoticme 8 dsymepHom npedcmaeneHuu. B 1980-x ee. nosisunock cob6cmeeHHO mpexmepHoe 2e0/102U4eCK0e MOOETUPO8aHUE U aKmuUBHO
pasgugasnucs Memodb! nocmpoeHus Modeneli U Ux ucnonb3o8aHus 01 peweHust npou3godcmeeHHbix 3aday. OcHosHble uccrnedosa-
mesbckue pabomel, Kacarujuecs 2e0/102U4€CK020 MOOENUPO8aHUS, 8 3mom nepuod NposodUTUCs 8 MPEX UeHmpax 2e0CMamucmuKu —
8 CmeHghopdckom yHugepcumeme, 8 [Tapuxckom uHcmumyme Hechmu u 8 Hopsezuu, 8 komnaHuu «NorskHydro». Cnedyrowum amanom
MOXHO Ha3eamb NOSIBNIEHUE U 8HEOPEHUE 8 MaCcco80E LICNOMb308aHUE KOMMEPYECKUX nakemos O MpexmMepHo20 MoOenupo8aHus, ma-
Kux Kak «lrap RMS», «Petrel», «Stratamodel» u MHoaux dpyeux. 9mom aman oxsambigaem 1990-e u 2000-e 22. K €20 okoHYaHut0 bbinu
paspabomatbi 60MIbWUHCMBO COBPEMEHHBIX MEMOA08 2€0/102U4ECK020 MOOENUPOBaHUS U 3aMOXUICS MPEeHO Ha UHMe2payu 8 260MOo-
denu pesynbmamog 2udpodUHaMUYECKUX, CelicMUYECKUX, 260MEeXaHUYECKUX, MEKMOHUYECKUX U Op. Memo008 U3y4eHusi Hehmeaa3oebix
nnacmos, ¢rroudos u paspabomku mecmopoxdeHudl. C 2018 e. e [TAO «HK «PocHeghmb» gedemces paspabomka KopnopamugHo20 na-
Kkema 0nis 2eonoauyeckoeo modenuposaHusi «PH-Meocumy, 8 amom nakeme yymeHbi 8ce npeumMywiecmea Opyaux nakemos u nocnedHue
meHOeHYuU 8 obriacmu 2eo02u4eck020 MoOeUPO8aHUS.

Knroyesble cnoea:
Memods! Heghmeaa30osoli 2e0/102UU, 260/102U4ECKOe MOOEJ'IUpOSaHUG,
nakemsb! 2e0/10eU4eCK020 MOOE!'IUPOGaHUﬂ, ucmopus eeornoeu4ecKoco MO@enUpOSaHUFI, PH-l'eocum.

BBegeHune

B reomoruu HedTH ¥ raza B MOCIETHIE ACCATHIICTAS
Te0NIOTMYECKOE MOJCIMPOBAHUE CTANO OJXHUM M3 IJIaB-
HBIX METOJIOB M3y4eHHs MecTopoxaeHuid. Ecim oOpa-
THUTBCSL K CTATUCTHKE UCIONb30BAHUSA KIIOUEBBIX CIOB B
CTaThsIX, OIyONMKOBAHHEIX HA TIOpTaNe 00IIeCTBA HHIKE-
HepoB HeTsHIKoB SPE [1], To B Hawane 1980-x rT. cio-
Bocouetanne «geological modeling» (reonmorunyeckoe
MOJIETIPOBAHNE) BCTpeUanocs mpumepHo B 50 % pabot
10 reoyorud Hed)TH 1 raza, k 2000 T. 3T0 YHCIO BRIPOCIO
npumepHo 10 80 %, a ¢ 2015 1. ono npessimaer 100 %
(puc. 1). Takum 06pa3om, B HACTOAIIIEE BPEMS HE TOIBKO
Bce pabOoTHI 110 TE0JIOTHH He(TEra30BEIX MECTOPOKACHUN
TaK WIM WHA49e 3aTParuBaioT BOIPOCH! TEOIOTHYECKOro
MOJICTUPOBAHHS, HO €CTh OMYONMKOBAHHBEIE PabOTHI, KO-
TOpbIE PACCMATPHBAIOT FEOJIOTMUECKHUE MOJIEIU B OTPBIBE
OT TEOJNIOTHU KaK TaKOBOW, HANPUMEp, Kacaroluecs reo-

DOI 10.18799/24131830/2021/05/3188

Jornyeckd OOOCHOBAHHOW ajanTaiud JUHAMHYECKHX
mozeneil. Creyer oTMETHTb, 4To Ha moptajie Onepetro
[1] cobpaHbI cTaThy, B MEPBYIO OYEPEIh Kacaromuecs Bo-
MPOCOB TEOJNOTHH W Pa3pabOTKd MECTOPOXICHHWH H B
MEHBIIEH CTETNeHH — BOMPOCOB TIOMCKOB MECTOPOXKACHUN
W aHaln3a HEONPEJCTICHHOCTEH M PUCKOB TPU OICHKE
paloHOB TIOMCKOBBIX pa0oT, W B HACTOSIIEE BPEMs T'eo-
JIOTUYECKHE MOJENU BCE AKTUBHEE MCIONB3YIOTCS Ha
BCEX 3Tamax pa3BeIKH U SKCIUTyaTaluy MECTOPOKICHHUH
[2-6].

CoBpeMeHHBIE TPEXMEpPHBIE TEONOTHYECKHE MOJEIH
HE(TEra30BbIX MECTOPOXKACHAN TIPEACTABIAIOT COOOH
JeTajlbHble TPEXMEPHbIE JBOMHUKM MECTOPOXKACHUH, KO-
TOpBIC BKIIOYAIOT B ce0s Pe3yJbTaThl KOMIUICKCHBIX HC-
CIIeIOBAaHUH BCEX TEOJNOTHYECKHUX ACIEKTOB MECTOPOIX-
JICHUI: TaHHBIC TEO(PU3MIECKUX MCCIENOBAHAN CKBAKHH;
JaHHBIE O T€0JIOTUH U CEMMEHTONOTHH OTIOKEHUH, Cla-
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TaloIUX 3aleXb; JaHHBIE MaJCOHTOJOTHUECKHX, MHUHE-
PATOTHYECKHX, JUTOJOTUYECKHX HCCIIENOBAHUN KaMeH-
HOTO MaTepuaia;, pe3yJNbTaThl WHTEPNPETANNH JaHHBIX
CefiCMOpa3BeNKM; B TOM 4YHCIIC W AHAJOTOB, U MHOTHE
Ipyrue. Tem He MeHee MepBble YMCICHHbIE TEONOTHYE-
CKHE MOJENH BBIIAIONIErocs coBeTckoro reosnora A.b.

Bucrennyca, nocrpoennsie B 1948-1949 rr. [7, 8], Obuin
OJHOMEPHBIMH ¥ TIpU MOMOIIH Tierei MapkoBa BOCTIpo-
M3BOJMIIH TOJIBKO PUTMUYHBIA XapakTep JIMTOJIOTHU Oca-
nouHbX Tonu. C TeX Mop reonorMueckoe MOAEIUpPOBa-
HHUE TIPOLLIO HECKOIBKO 3TaroB, KOTOPbIE PAacCMOTPEHBI
B JAIBHENIINX pa3jienax.
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Puc. 1. [lona ecmpeyaemocmu crnogocovemanus «geological modely ¢ cmamwsx no eeonocuu Hegpmu u 2aza Ha nopmarne o0-

Fig. 1. Fraction of papers containing word combination «geological modeling» of total geology papers on web portal of

Society of Petroleum Engineers [1]

®opMUPOBaHNe OCHOB reosIoruyecKoro

mopenupoBanus (go 1980-x rr.)

I'.B. Jleii6nun B 1680 r. Ipeasioxkit Teoputo oopaso-
BaHUA 3eMJIU U3 OTHEHHO-KHKOIO U3HAYaJIBHOIO COCTO-
saust. B nocnenyromue 100 et 3ta Teopust akKTUBHO pas-
BHBAJIACh B pab0OTax MHOJKECTBA YUEHBIX, YTO CTaJO CBH-
JIETETHCTBOM TOSIBIICHUS TEONOTHHI KaK CaMOCTOATEbHON
Hayku. Jlonroe BpeMsl pa3BUTUE HAYYHOH I'€0JIOTMH IIPO-
XOAWJIO TONBKO B PaMKax OMNMCATENbHOM MapaaurMbl B
CUly OTPaHWYEHUH, HAKIAbIBAEMbIX PENTUIHO3HBIMU
JIOTMaTaMM Ha UHTEPIPETALHI0 Pe3yNIbTaTOB HENocpe-
CTBEHHBIX HaOmofeHnd. OnucarenbHas mapagurma roc-
T0JICTBOBaJIa B Haykax o 3emie A0 koHua XIX B. U BO
MHOTUX OTHOLIEHHSAX COXpPAaHWIA CBOE BIUAHUE U B
HACTOSLIEE BpeMs.

Haxomnenne 3HAYMTENHHOTO KOMMYECTBA OIMHMCAHHH
Te0JIOTHYECKUX 00BEKTOB 1 HEOOXOJMMOCTh UX CHCTEMa-
TH3AIUKA U WHTEPIPETAlUK TPHBENH K TEPexXonay K Je-
JyKTUBHOM reoNoruueckoi mapagurme. Kak ciexcraue —
Ul TIOJIHOTBI TIOHUMAHHUS T€0JIOTMYECKUX MPOLECCOB U
00BEKTOB BO3HHKIA HEOOXOAMMOCTh OOpAlIeHHs K J0-
CTH)KCHUSM (DU3UKH, XUMHH, TEPMOAMHAMHUKH, MaTeMa-
THKU U JPpyTUX TOUHBIX Hayk. Ha pybexe XIX-XX BB. B
c(epe BHUMAHNS MCCIEIOBATEIEH 0KA3aI0Ch MHOTO T€0-
JIOTHYECKUX MpOoONeM, KOTOpBIE MMENH TCHETHYECKHIt
XapakTep: MPOUCXOXJICHUE dPPATUYECKUX BATYHOB, Ja-
TepaibHAs aKKpelus, JUKBAIMOHHOE 00pa3oBaHHE Top-
HBIX TIOPOJI, IPOUCXOXKIeHIE HedTH u 1p. [9], 9T0 U mpu-
BEJIO K OCTENIEHHOMY BBITECHEHHUIO ONUCATENbHON Mapa-
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JUTMBI M3 HayK O 3eMiie. B 9T0 BpeMs 1eibio Teonorny,
PaBHO KaK U IPyrux HayK, CTAHOBUTCH, B COOTBETCTBUU
co earman konuenmuer Jle brodgona [10], ommcanue
00beKTa, OOBSICHEHHE €r0 MPOMCXOXKICHAS M H3ydeHHE
FCTOPUH Pa3BUTHSL

C navyama XX B. HaOMIOJaeTCS MHTETPAIUS 3HAHUH,
TEXHOJIOTHH U MCETOIOB TOYHBIX HAyK B T'COJIOTMYECCKUEC
JUCHUIIIINHEI. HO'BI/IZ[I/IMOMy, OTHUM U3 MNEPBBIX T'€OJIO-
TOB, KOTOpBIC TOMHSIA BOMPOC BAKHOCTH KOJMIECTBEH-
HOTO ydeTa TeoJIOTHYeCKUX TNpH3HaKoB, Obu1 . Peiiep
[11]. Tlo3nHee sT1 Waen pasBuBamuch B paborax A. Xap-
kepa [12], Jx. Puuapmcona [13], @.1O.JleBuncona-
Jleccunra [14] u Y. Kpambeitna [15]. Takum o0pazom, B
gayane 1940-x rr. BO3HHMKIA HEOOXOIMMOCTD B IOSBIIE-
HAW HAyKH, KOTOpas IPH MOMOIIM MAaTeMaTHISCKHX Me-
TOIOB OyJeT ONUCHIBATH MPHPOJHBIC TEONOTHYECKHE CH-
cremsl [9].

OCHOBOTIONIOKHIKOM HOBOW OTpacid HayK O 3eMile,
Ha3BaHHON MaTEeMATHYECKOH TeoNOrhel, MOXKHO Ha3BaTh
BBIIAIOMIETOCS coBeTCcKOro Teonora XX B. AHnpes bopu-
coimya Bucrenmmyca [16, 17]. B ero paborax koHia
1940-x tT. chopmynTHpOBaHEI OCHOBHBIC MPOOIEMEI, pe-
MCHUEM KOTOPBIX 3Ta HOBAasAd HaykKa W NpU3BaHA 3aHU-
marbcs. B 1948-1949 rr. ObutH OmMyOIHKOBAaHBI PabOTHI
A.b. Bucrenuyca [8, 16], B KOTOpBIX Ha OCHOBE Lenel
MapkoBa pemaauch BOMPOCH OJHOMEPHOTO MOJESTHPO-
BAHHUS TIPOIIECCOB OCAJKOHAKOIUICHHS U 00pabOTKH JaH-
HBIX JUTOJIOTHH. DTH pa6OTI)I MOXHO Ha3BaTb NEPBLBIMU
MAaTeMATHYECKUMH T€OJOTMICCKAMH MOJEISMH, I0JIO-
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KUBIIMMHE HAyallo UCIONB30BAHUIO TEONOTHYECKUX MO-
JIeneit s OTMCaHus IPUPOIHBIX 00heKTOB [17].

Bernen 3a 9THM HavanoCch MHTEHCHBHOE Pa3BUTHE TOU-
HBIX METO/IOB B Teonoruu. Tak, B 1960-x TT. chopmupo-
Basics 0COOBIH pasien MaTeMaTH4ecKO! Te0NOTHH, Ha3bl-
BAaeMblil T€OCTATUCTUKOM, KOTOPBIA 3aHUMAETC H3yue-
HIIEM B3aMMOOTHOLICHHS CIYYaiHBIX BENHYHH B IIPO-
CTPAHCTBE M IPOOIEMOH MX HHTEPIONAINH, SKCTPAIIONIS-
mMd W agammsa. B 1962 r. Bomuia B CBET KHHTA
XK. Marepona «OCHOBBl HPUKJIAJHOH T€OCTATHCTUKM
[18], 3anoxuBILIas OCHOBBI T€OCTATHCTUKU KaK CaMOCTO-
ATeTbHOM Hay4yHOH oTpacnu. B 1968 . kHura Opuia us-
JiaHa Ha pycckowm s3bike. [Ipeanoxennsii XK. Mareponom
crmoco® omucaHus TPOCTPAHCTBEHHOM HM3MEHUMBOCTH
CIy4aiHBIX BEJIMYMH MOCPEACTBOM BAPUOTPAMM CTall OC-
HOBOM BCEX PaclpOCTPaHEHHBIX METOJI0B JUHEHHOH reo-
CTaTUCTUKHU. DTa 6a30Bas CHCTEMa YpaBHEHUI IPOCTPaH-
CTBEHHOH perpeccuy ¢ KOBapHAIIHOHHOM (QyHKIMEH Oblia
Ha3BaHa «KpUTUHrOM» B yecTh reosora JI.I'. Kpure, ciy-
KUBIIETO WHXEHEPOM Ha 30JI0TOPYAHOM MECTOpOXKIe-
HuM ButBOTEpcpan U pelaBLIero 3afaud NOACYETa 3a-
macoB [19].

B 60-70-x . XX B. pa3BUTHE I€OCTATUCTHKH OBLIO
COCPEJI0TOUEHO B JBYX HAayUHBIX IeHTpax — B CTeHpopA-
CKOM YHHUBEPCUTETE U B LIEHTpE reocTaTtucTuku B Ilapu-
xke. B 1970-e TT. cumaMu TakMX HCCIeIOBaTeleH, Kak
A. Kypuena, Y. Xyxoperte, I1. Jlendunep, XK. Unneca u
HEKOTOPBIX APYTHX, OBUTH pa3pabOTaHbI HOBBIE METOJbI
HEeNTMHEWHOH Te0CTaTHCTHKM, M PAa3BUTHE HAYKH MPOJIOI-
xuiock [20]. OnHako, kak otMevaeT cam JK. MarepoH, B
T€ TOIBI OBLTH CYyIIECTBEHHBIE MPOOIEMBI, KOTOPEIE Me-
A Pa3BUTUIO TEOJOTHIECKOTO MOIEIUPOBAHMSA U €T0
BHE/IPCHHUIO B HCCIEIOBAHIEC PEATBHBIX TCONOTHUCCKHX
00bekToB [21]. OnHA U3 IMMABHBIX TPYIHOCTEH 3aKiIIOYa-
Jach B CnabOM MEXTUCIMIUIMHAPHOM B3aHMOJICHCTBUN
T€0JIOTOB M MAaTEMATHKOB, YTO CYMIECTBEHHO 3aMEIISIIO
Pa3BUTHE TEOCTATHCTUKU. Tak, MaTeMaTHKH, pacroiaras
BCEM HCO6XOZ[I/IMI>IM UCCIICA0BATCIILCKUM HMHCTPYMCHTA-
pueM (cmy4aifHOH (yHKIHMEH W Tp.), PEANOYNTANH H3-
6eFaTL €r0 TNPUMCHCHUA K PCAJIbHBIM TCOJOTrMYCCKUM
obbektaM. CIOXKHOCTE W HEOJHOPOJHOCTD PEANbHBIX
TIPHPOHBIX 00BEKTOB HE TO3BOJISNA TIOHUMATh MX MPH-
pony 0Oe3 CreluanbHbIX 3HAHUH T€ONIOTHH M CMEXHBIX
JUCUUIIMH. B cBOw ouepenp, T€ONOTH, MOHUMAIONINE
CTPOCHHUE 3aNexkeil MOTe3HBIX HCKOMAeMbIX H MPOOIEMBI,
CBS3AHHBIC C WX HM3YYCHHEM, HAXOMIIH a0CTPaKTHBIE
CTAaTHCTHYECKHUE MOJIEITH H30BITOYHO CIOKHBIME IS TI0-
HUMaHug. Takoro poaa mpenATCTBUA AJjId pa3BUTHA I'€O-
JIOTUYECKOro MOJCIUPOBAHUA U T'COCTATUCTUKH 6I>IJ'II/I B
KOHIIC KOHIIOB MPEOJOJICHBI MPH MOMOIIN Pa3BUTHA BbI-
YUCITUTENbHON TEXHUKH U MPOTPAMMHBIX [aKEeTOB, KOTO-
pble TIPOU3BOMIIH CIIOXKHbBIE MATEMAaTUYECKUE PACUETHI U
TIO3BOJISUTH TEOJIOTaM WX HMCMONb30BaTh. [Ipu 3TOM TIpu-
MCHCHHUC almnapara r¢oCTaTUCTUKH AOMOJIHSAJIOCH MHTYH-
TUBHBIM TIOHUMAHUEM CTPOECHHS M CBOICTB IPHPOIHBIX
00BeKToB [21].

K xoniy 1970-x rr. reoctaTicTHKa JOCTHUIIA CyIIe-
CTBCHHBIX YCIIEXOB B NMPUMEHCHUU Jid IBYMEPHOI'O MO-
ACIMPOBAHUA U KapTUPOBAHUA CBOMCTB B 3aJIC)Kax, U B
nocneaHed 4eTBepTd XX B. JOCTHKEHHUS 3TOH HAayKd
YCIENIHO MPUMEHSUTUCH B HeTsHOH Teonoruu [22]. On-

HUM U3 TJIaBHBIX MCTOJ0B HHTCPIIOIAIUNA MPOCTPAH-
CTBCHHBIX JAHHBIX CTaJI KDUTUHI U €T0 MMPOU3BOJHBIC.

MNosiBNeHMe TpeXMepHOro reonornyeckoro

MOAeNMpoBaHUsA 1 ero BHeApeHue

B HedpTerasoByto reonoruio (1980-e n panHue 1990-e rr.)

CoOpITreM, 03HAMEHOBABIIMM HAYano CIEIYIOMIEro
Tana pa3BUTUs IE0JOTMYECKOr0 MOJEIUPOBAHMS, MOKHO
Ha3Bath nossienue padotsl E. [lenxome u [l I'maneccunu
[23] o uccnenoBanuto Mectopoxaenus Hassi-Messaoud B
Amxupe. B aroii paboTe mpeacTaBieHbl pe3yNbTaThl HC-
CJICZIOBAHNS, HA3BAHHOTO ABTOPAMH «OTIHCAHHMEM TIIyOHH-
HOM CTpyKTYphl Komnektopo» («in depth description of
the sandstone reservoir anatomy»), Ho, 10 CYTH, ABJISIBILIE-
rocsi TEpBBHIM ONMCAHHBIM B HAyKe OIBITOM MPOCTPaH-
CTBEHHOTO T€0JIOTMYECKOr0 MOAETHpOBaHus [22].

Ha ocHoBe omucanus B3aMMOOTHOIIEHUH M XapakTe-
PUCTHK TOpoA OblTa CO3JaHA KOHISTIVS HHINBHAYATH-
3UPOBAHHBIX CEAMMEHTONOTHYECKUX E€IUHHUII, KOTOpas U
ObLTa MOJOXkEHA B OCHOBY MOJETU. ABTOPBI BBIICITHIH
TPH IJIaBHBIX JIUTOTHIIA: KOJUIEKTOP XOPOLIET0 KayecTBa,
CIaraloliMil IecyaHble Tena, KOTOpble HAXOIMIHCh B
00BeMe KOIIEKTOpa XyAIIEro KadecTBa, MPeICTaBIeHHO-
ro 0ojee MEIKO3EPHUCTHIMU MECUYAHWKAMHU, OHU ObUIH
o0benuHeHbl i1 1enedl mMopenupoBadus. Tommia Koun-
JEKTOPOB BMeIIana B ce0s TIMHHUCTHIC MPOILIACTKH, KO-
TOpBIC UMEINH TIPEPBIBUCTHIN Xapaktep (puc. 2). Pe3yib-
TaThl UCCIENOBAaHUN ObUTH OOBEAMHEHBI B KOMIBIOTED-
HOM Te0JOrUYecKOil MOJIENH, KOTopas MpeCTaBIsiia Co-
00l Ha0Op BEPTUKAIBHBIX CEYCHMH ILIACTa C paclpese-
JIEHHBIMH B HEM BbIIEYKa3aHHBIMH JUTOTHNAMH. OCHO-
BOM IUIA MOJENH NOCTYXXHIM MHTEPIpPEeTalus apamer-
POB TTIMHUCTBIX MPOIUIACTKOB MO pe3yibTaTaM reopusu-
YECKMX HCCIEA0BAHUN CKBAXKHH U PE3yJIbTaThl U3yUEHUSA
TE0JOTUYECKHX Pa3pe30B, BBIXOMAIIMX Ha TIOBEPXHOCT.
[lpy momomM MOCTPOECHHOM TI'EONOTUYECKON MOJENN
NPOBOMIOCH H3YYEHUE XapaKTepa 3aBOJHEHHUS 3aJexkKel,
BIIMSIHUS T€0JIOTUUECKHUX MTapaMeTPOB Ha MOBEJICHUE TLIa-
CTOBOI'0O JaBJICHUA U IOABJIICHUA 30H BBIACICHUA CB06021-
HOT0 raza.

Ora paboTa BBI3BaNA HHTEPEC Y MHOTHX HCCIIEIOBATE-
JIed, 1, Kak ciencteue, B Havane 1980-x rr. cdhopmupo-
BAJINCh TPU TJIaBHBIX HAYYHBIX LCHTPA reOMOACINpOBa-
Hus [24]: CTeHpOpACKUIA IIEHTP MPOTHO3a MECTOPOKIE-
mnit SCRF (Stanford center for reservoir forecasting), ko-
TOPBII OBLT OCHOBaH MoJ pykoBoacTBOM A. XKypHena u
K. Jloitua, [entp reoctatuctuku Bo DpaHIy3cKOM HH-
crutyte Heptu (IFP) u Llentp reomornyeckoro Mojenu-
poBanus 1moj pykoBoacTBoM X. Xangopcena u X. Ompe B
HOpBexkckoit kommanuu NorskHydro.

JanpHeilas UCTOPHS TEONOTHYECKOT0 MOJAETUPOBa-
HUS TECHO CBA3aHA C Pa3BUTHEM IPOrPAMMHBIX MaKETOB
ans noctpoenns 3D mopeneid. Hambonee 3HaumMbie u3
3THX TAKeTOB PACCMOTpPEHHI janee (makersl jis 2D mo-
JeTMPOBAHKS B JAHHOI CTaThe HE PacCMATPHBAIKCD).

C mavama 1980-x rr. BO (hpaHIy3CKOM HHCTHTYTE
HeTH  paszpabaThIBAIUCh  TIPOTPAMMHBIE  MaKEThI
«BluePack 3D» u «HereSim 3D», npenHazHaueHHbIE IS
T€0JIOTUYECKOTO MOJICTMPOBAHKS M PEIICHUS MPUKIAJ-
HBIX 3aj1au He(TsaHOW reosoruu. «BluePack 3D» — ato
nporpaMma, pazpaboTaHHas Kak MHTEPAKTHBHBIA MakKer,
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NpeIHA3HAYCHHBIA Ui paboThl ¢ TaHHBIMH OOJBIIOTO
00béMa (HanpuMep, CeHCMUYESCKUMH MPODMISIMH) U I
TIIPOBENEHHS T€OCTATUCTHIECKOTO AHANHM3a ATUX AAHHBIX
[25, 26]. HemocpenctBeHHo manst co3JaHuSl MoOJENeH

npenHazHayancs naker «HereSim 3D», B koTopom ObLia
BO3MOXKHOCTh JTHTOQUIMATEHOTO M TIETPOQH3HIECKOTO
MOZETHPOBAHHUS W BCTPOCHHBIH T'MAPOAMHAMHYECKHH
camynstop (puc. 3) [27].
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Puc. 2. Kapma mecmopoocoenuti ¢ 8b10DAHHLIMU CeYeHUAMU 05l MOOETUPOBAHUS (CNe6a) U pe3ynomam KOMNbIOMepPHO20
MOOenUPOBanUs eIUHUCIBIX NPONLACMKO8 8 ceueHuu (cnpasa). 3aumcmeosaro 6 [23]

Fig. 2. Reservoir map with intersections (left) and intersection example of shale layers model (right). From [23]
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Puc. 3. [lpumep 6epmuKkanvHOU cekyuy aumo@dayuil 2eo102uteckoll Mooeiu, NOCMPOEHHOU 6 HPOSPAMMHOM nakeme

«HereSim 3Dy (1990 2.) [27]

Fig. 3. Example of the vertical lithofacies section in geology model built in «HereSim 3D» package (1990) [27]

B nenrpe Crengopackoro yHuBepcuTeTa Iof pyKo-
BoacTBOM A. XypHaena u K. Jloitua Obutn pazpaboTtaHst
METO/Ibl CTOXaCTUYECKOTO M JETePMUHUCTUYECKOTO MO-
JIETIPOBaHUS Ha OCHOBE reocTacTuku. bombiioi Bkmaj
Crenadopackoro eHTpa B re0JOTHYECKOE MOJIETUPOBa-
HHUE 3aKITI0YAeTCS B CO3JAHMU OECTUIATHONW M OTKPHITOM
ouomuoreku «GSLIB», mpu momomm KoTopo 000w
CIELMATMCT MMEET BO3MOXKHOCTh pEIlaTh MPOU3BOJ-
CTBEHHBIC 33/1a4H, He 00Maaas SKCIIEPTHBIMU 3HAHUAMH B
reocrarictuke. bubmuorexka «GSLIB» co3maBanace B
CraubopackoM yHHBEpCHTETE Ha MPOTSKEHUH 12 JeT u
Obuta omybnukoBana B 1992 r. OHa oXBaThIBaeT Bce 00-
JIACTH TEOCTATUCTUKHU, TAKME KaK KOIMYECTBEHHAS OLCH-
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Ka M3MEHYMBOCTH (BapHOTPAMMBI), ITOPHTMBI JHHEH-
HOW TeOCTaTUCTUKU (KPUTHHT), CTOXaCTHYECKHE alro-
putmsl [28, 29].

CrieruanucTsl HOPBEKCKOTO IIEHTPA I'€0OTHIECKO-
r0 MOZETMPOBAHUA B TO K€ BPEMs MOJ PYKOBOACTBOM
Xennunra OMpe JOCTUITH OONBIINX YCTIEXOB B paspa-
00TKE 1 MPUMEHEHNH METOJ0B 00BEKTHOTO MOJEINpPO-
BaHuA (puc. 4) 1 METOJ0B aHANK3a HEONPEAENeHHOCTEH
[30-32]. YIx paboThl ObLIM OCHOBAHBI HA M3YYEHUH Me-
cropoxaenuit popmanmu BRENT, o0pazoBaHHBIX B
(ITIOBHATBHBIX YCIOBUAX OCAAKOHAKOIUICHHS, IS KO-
TOPBIX 0OBEKTHBIC METOIB MOAESTUPOBAHUS T0IXO0TAITH
ontuMansHo [4, 33].
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Puc. 4. Mooenuposanue mpexmepHozo pacnpedeienus nponiacmkos eiun 6 niacme (ciesa) [30], obvexmuas mooens mynob-

mupayuanvhvlx GriosuanvHulx omaoxcenut [31]

Fig. 4. 3D shale distribution model in reservoir (left) [30]. Object multifacies model of fluvial system [31]

Takum o6pazom, k koHiry 1980-x u Hagany 1990-x rr.
OBLTH 3a]10’KEHE! TEOPETHIECKIE U MIPAKTHICCKHIE OCHOBBI
MacCOBOTO HCIIONB30BAHMS TPEXMEPHBIX T'€OJIOTHIECKUX
MoJieneil B He(hTera3oBoii TEONOTHH, KOTOPOE HAYATIOCh B
90-x rr. XX B. [17]. IlepBbie makeThl reoJOrHIECKOTO
MOJICTIMPOBAHKS He TpelHa3HAYamuch s paboThl Ha
TIEPCOHANBHBIX KOMIIBIOTEPAX M MOITOMY OBUIH CIIOKHBI
B UCTIOJB30BAHAN IPU PEIICHAN TPOM3BOICTBEHHEIX 3a-
Jlad TeoNoroB-He(TIHUKOB. Toraa yxe MOSBUINUCH MPO-
IPaMMHBIE TAKETBl T€OJIOTHYECKOT0 TPEXMEPHOTO MOJIe-
JupoBaHud, Takue kak «Stratomodel», «STORM» (anro-
PUTMEL KOTOPOTO BIIOCIEACTBHE OBUTH HHTETPUPOBAHEI B
IO «Irap RMS»), «GOCAD» u apyrue, KOTOpBIE CTalu
JpaiiBepaMu CO3/IaHMS TeoNorHueckux wmojeneil. OHu
OyIyT pacCMOTPEHBI B CIEAYIOLIEM pa3ziene.

CraHoBnEeHMe 1 pa3BUTHE FE0NIOrNYECcKOro
MOZENMPOBaHUS Kak OCHOBbI ANSl U3YUYEHUs U OLIEHKN
3anexen HedhTu U rasa (koew 1990-x u 2000-e rr.)

JanbHeilee pa3BUTHE T€0JOTMYECKOT0 MOJIETNPOBA-

HIISL HEPa3pBIBHO CBSA3BIBACTCA C pa3pabOTKOH 1 yIydIe-

HUEM KOMMEpYECKHX MPOrPaMMHbIX AKETOB. DTO CTaJO

BO3MOKHBIM T10 HECKOJNBKUAM TIpHYnuHAM [2]:

e ObUIM pa3paboTaHbl TEOPETHYECKUE OCHOBBI MaTeMa-
TUYECKUX TNPUHIUIOB M QITOPUTMOB, HCIONB3YIO-
IUXCS TIPH TIOCTPOSHUHU TPEXMEPHBIX T€OIOTHIECKUX
MOJIETICH;

¢ OBUIM JOCTUTHYTHI CYIICCTBEHHBIE YCTIEXH B CMEXK-
HBIX 00macTsx — B 00paboTke W mHTEpmperamuu 3D
celicMOpa3BeaKy, a TAakKe B PA3BUTHH IPUHIUIIOB
CUKBEHC-CTpaTUrpadum;

®  YBEJUYMIIACH MPOU3BOAUTENBHOCTD PAOOUMX CTAHIHI
U TEPCOHATBHBIX KOMIIBIOTEPOB, MO3BOJIAIONIAS BbI-
HOJHATh CIOKHBIE MaTeMaTHYeCKHe pacuy€Thl 3a pa-
3yMHOE BpeMsi; Kpome Toro, pazpaborumku [1O s
T€0JIOTHYECKOTO MOJIEIUPOBAHMS MOCTEHIEHHO KOH-
BEPTHPOBAIN CBOY IAKETHI M JCNATH BO3MOXKHBIM HX
HCIOJIb30BaHUE HA MEPCOHANBHBIX KOMIIBIOTEPaX U B
JOCTYIHBIX UIA TIONb30BaTeNedl ONepaldoOHHBIX CH-
cTeMax;

® TOSBIUINCH YCIEIIHbIE KOMMEPYECKHE MPOTPaMME,
KOTOpBIE OOECIIeUMBAIM MPOLECC MOCTPOSHHS TpeX-
MEpHBIX MoJieNel (aHau3 JaHHBIX, cTpaTurpadude-
CKast KOPPEJIIHS, BU3YaIH3aLlis H 1p.);

e ObLT HAaKOIIEH OONBIION 00BEM JAHHBIX M OIBIT ITO-
CTPOEHHUS BYMEPHBIX MOJENel B paMKax MOJCYETOB
3aMacoB, MPOEKTHPOBAHUSA Pa3pabOTKH, TOMCKOB H
Pa3BEIKH MECTOPOXKACHNN HE(TH U Taza.

[TroHepamu B CO3IaHAN MOJTHOLEHHBIX MPOTPAMMHBIX
MAKeTOB MOXKHO HA3BaTh HECKOJHKO OpPraHM3ali: KOH-
copiuyM «gOcad», «SSTRATAMODEL incy, «Landmark
Graphics», «Radian», «Zycor», «Dynamic Graphicsy,
«CGG-Petrosystemsy, «Geomathy, «Geomaticy, «Interay
u HekoTtophie aApyrue [34]. BrocnencTeun mosBUIiCh U
IpyrHe TpOIYKTH, B TOM YHCIE H OTEYECTBCHHBIC
(puc. 5).

[TepBOHAYaIbHO MAKETHI ISl TEOJIOrHYECKOTO MOje-
TUPOBaHMS TPeOOBAITH OONMBIINX BHYUCIATENHHBIX MOTI-
HOCTell M paboTanu Mo YIpaBICHHEM ONEPAllHOHHBIX
cucreM cemeiictBa «UNIX» Ha BBIYMCIUTENBHBIX CTaH-
usx Oonbinoi MomHocTd. Jlumb k koHmy 1990-x rr.
Te0JIOTUYECKOEe MOJICTMPOBAHHUE CTAJI0 MAacCOBO JIOCTYTI-
HBIM B HamOoJiee pacmpoCcTpaHEHHON OTEPAIHOHHON CH-
creme «Microsoft Windows» W Ha pabOYMX CTAHIHUSAX,
KOTOPBIE UCTIONB30BATUCH B HEPTSHBIX KOMIAHHUSIX.

OnHOM W3 TIepBBIX HPOTpaMM IS TEONIOTHYECKOTO
MOJENMUPOBaHKA CTal BbIMylleHHbIA B 1988 T. mpo-
rpammueiii aker «STRATAMODELy [35]. Oto Obina
CHCTEMa Ui MOCTPOCHHS TPEXMEPHBIX T'€ONOTHYECKUX
SUEUCThIX Mojenel. ['eonoruueckre Mosien, MOCTPOEH-
Hele B nepBblx Bepcusax 110 «STRATAMODEL», yxe
TI03BOJISUIM PelIaTh MHOTHE MPOU3BOJICTBEHHBIE 3aauu
HedTsIHOU oTpaciu [35]:

e [OACYET 3amacoB YIJIEBOAOPOJOB M BBIYMCIEHHE
KOMILIEKCHBIX aTpuOyTOB 10 fYeiikaM cO CIOXHBIMU
MaTeMaTHYECKHUMHU U JIOTHIECKUMH OTIePaIHsIMH;

o 0000mIeHHE TAHHBIX MO PA3TUYHBIM MECTOPOXKICHH-
M U 3aJIeKaM;

¢ [UIAHAPOBAHME YIUIOTHSIOLWIETO M 3KCIUTyaTalOHHO-
ro OypeHus;
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® [POEKTUPOBAHHE M IIAHUPOBAHUE NPUMEHEHUS Me-
TOZOB yNy4IIeHHs He(TeOTauH,;

® [IOKCK U Pa3Be/IKa HOBBIX 3aNIEXKeN;

® [IOJyYEHHE OCHOBBI JUI THIPOJUHAMUYECKOrO MOJE-
JHPOBAHHUSL.

Jns  BOCHpOM3BENEHHMS MPHPOJHBIX CHCTEM B
«STRATAMODEL» Obuta paspaboTaHa TeocTpaTHrpa-
(udeckas sYeHcTas MOJIENb, KOTOpas OTIMYanach OT
TPaJUIMOHHON HAa TOT MOMEHT PETYJSIPHOM SYEUCTON
Mojenu (puc. 6).

1988-2000 rr.

2000-2010 rr.

2010-2020 rr.

STRATAMODEL GOCAD JOA-JEWEL | |IGEOSS
o o
DECISION SPACE
ran RMS (DECISION SPACE)
(CMG-BUILDER ) ['PH-TEOCUM ) |
]
GANIERRR) (PETREL " EUGLID | [_APTTEO |
GEOQUEST ( MKHERPA |
FRACMAN

Puc. 5. XpOHOJlOZuﬂ NOABNEHUSsL SHAYUMbBIX NAKemoe 2eo0jlocudecKozco MOO@JZMPOGQHM}I. Cunum yeemom gblOe/Ienbl omeye-
cmeeHHble pazpabomru (3auMcmeosano uz [5] ¢ donoanenusmu)

Fig. 5. Significant packages for geology modelling occurrence chronology. Russian packages are blue. From [5] with
additions

Puc. 6. Cnesa pecynapuas saueucmas mooeiv, cnpaea ceocmpamuepaguueckas siueucmasn mooens 6 110 «STRATAMODEL»

(1988 2.). 3aumemeosaro 6 [35]

Fig. 6. Orthogonal cellular model (left) and stratigraphic geocellular model (right) in geology package « STRATAMODEL»

(1988). From [35]

OcHOBHBIE 0COOCHHOCTH TeOCTPaTUrpaduIecKoil Mo-
JeNH 3aKII0YaloTcsi B BO3SMOXKHOCTH BOCHPOU3BOAUTH
BHYTPEHHEE T'€0JIOTMYECKOe CTPOSHHE IUIACTOB, KOTOPOE
MO3BOJISIET HUCIONBb30BATh METOABl T'€OCTATHCTHKH I
MOJIETIPOBAHMS pAcIpe/eNe sl CBOICTB B MPOCTpaH-
CTBE U MOCIEAYIOUEr0 THAPOANHAMUYECKOTO MOAEIUPO-
BaHUS.

[Mpubmusurensro B TO *e BpeMs (1993 r.) mosBuics
nporpamMubii nakeT «STORM)» oT HopBexKcKON Komma-
mun Odin AS [36]. A B 1995 1. ¢ ucrnonb30BaHUEM 3TUX
HapaboTok kommanus «Geomatic AS» BBITIyCTHIIA TIEp-
BbIii KOMMEPYECKHI MHTETPUPOBAHHDBIN MaKeT I TPeX-
MEpHOT0 TEe0JIOTMYECKOr0 MOJICIMPOBAHUS U BU3yall3a-
mun — «Irap RMS» [37]. TlepBas kommepueckas Bepcus
5.0 mo3BoJsNA CTPOUTH CTOXACTHYECKUE TPEXMEPHbIE
TEOJIOTHYECKHE MOJENH He(TEra3oBhIX 3aNexed s
mojcuéTa 3amacoB M pacuéra mpodmiaeid JoOBMM CKBa-
KUH. OTH TEOMOJIENH CTPOIINCH HA OCHOBE JJAHHBIX T'€0-
JIOTUYECKOro u3ydeHus oOHaxeHui, naHHbX [MC n ux
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MHTEPIPETAlMi B CKBAXKHMHAX, MPEICTABICHUN O Ieoo-
THYECKOM CTPOCHHH ILIACTOB, PE3YJIHTATOB MCIIBLITAHUH 1
THAPOJUHAMUYCCKHX HCCIICIOBAHUI CKBAXKHUH M IPYTHX
HEOOXOMMMBIX TaHHBIX, KOTOpHIC MpPEICTABILLIINCH B
mudpoBom dopmare [36]. B 1997 r. xommanuei
«Smedvig Technologiesy, koTopast BO3HHKNIA B PE3yIbTa-
Te TOriomeHus W ciausHus kommauid «Odin AS» u
«Geomatic AS», B «Irap RMS» Obuta mHTErpHpoBaHa
¢ynkunonansHocTh [10 «STORMY, a mMeHHO cTOXa-
cTHUECKas (halranbHas MOJENb, CTOXaCTUYECKOe MOjie-
JIMpOBaHUE MPOCTpaHCTBEHHBIX pacnpeneneHniit ®EC u
texHonorus «Rescalingy.

OruyutensHoi ocobeHHOCThIO «Irap RMS» cranm
yrnyOneHHas pabota ¢ 00beKTHBIME MOJICISIMHU U aHAIH3
HEOIpeIeICHHOCTEH Ha OCHOBE CTOXaCTHYECKHX MOjie-
nei. Kpome Toro, BO3MOXKHOCTb IOCTPOEHHS MHOIO-
YPOBHEBOI1 MEpPapXUyecKOoil CTPYKTYpPBI MO3BOJIMIA B O
HOM T€OJOTMYeCKOH MO OOBEOUHATH JCTCPMUHU-
CTHYCCKHMH M CTOXACTUUECKUH MOAXO0bI, UYTO CTAI0 MOII-
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HBIM HHCTPYMEHTOM JIJISl U3YYECHUS M OLCHKH He(Teraso-
BBIX 3aexeil [38, 39]. OObekTHBIE MOJENH OBLTH pa3pa-
OoTaHbI I Ooee ETATBHOTO MOJCIUPOBAHUS (ITIOBH-
QITBHBIX OTIOXKEHMH M OTpPOOOBAHBI HA MHOTHX MECTO-
poxzieHusx CeBepHOro MOps, ONEPaTOPOM KOTOPBIX ObI-
Ja komnanus «Statoily.

B 1999 r. B pe3ynbrare clusHUS IBYX KPYMHBIX KOM-
mannii — «Smedvig Technologies AS» u «Multi-Fluid
ASA» — obpasoBanuch komnanus u Opern «Roxary, ko-
TOpas aKTHBHO MPOAOIDKUIA PA3BUTUE MPOrPAMMHOTO
obecrieyeHus [ TeONOTHYECKOT0 U THAPOJMHAMHYE-
ckoro MojenupoBanus. B 2000 r. Obiia BHITyIIEHA Bep-
cust «lrap RMS» 6.0, B KoTOpO#l MOMHMO JIPYTHX YIyd-
IIeHUI OBUTM MHTETPUPOBAHBI MEHEIKEP TPadoB Mose-
JUPOBAaHWS M MOAYIb HPOCKTUPOBAHHUS TPACKTOPHIL
ckBaxuH [37]. B 2003 r. ObUM co3maHbl MOZYIH s
aHaIM3a HEOTPEIENCHHOCTEH M MHTETPHPOBAHHBIA THI-
poauHamudeckuit cumyisatop («RMS  Uncertainty» u
«RMS Flowsimy). [Togaepxka MOJEIUPOBAHUS TPEIIH-
HOBaTOCTH MosBuiIachk B Bepcun 8 B 2006 r., a B 2008 T.
pea3oBaHa TEXHOJOTHUS JIOKAIbHOTO OOHOBIEHHS CTO-
xactuuecknx moxeseil. B 2011 r. Boinuia oOHOBIEHHAS
BEpCHS TaKeTa C COKpamleHHBIM Ha3BanueM «RMS» u
HOBBIMH BO3MOXHOCTAMH 10 padote ¢ 3D u 4D ceifcmu-
YeCKUMH JaHHBIMU. A B 2012 1. myTeM MHTErpaunuy Tex-
Hoiorun «GRAVA» Obu1 no0aBieH (yHKIMOHAN I
ceiicMuueckoit naBepcun. B nexabpe 2016 r. Beimio 110
«RMS» Bepcuu 10, B KoTopoii Oblia T00aBIeHa BO3MOX-
HOCTh aBToMartu3anuu «Big Loop» mis mocTpoeHus nH-
TErpUPOBAHHBIX MOJIENEH.

B nacrosmiee Bpems [10 «RMSy siBisietcst oHO#M 13
CaMBIX TOMYISAPHBIX IPOTPAMM JUIS TE0JIOTHIECKOTO MO-
JeTMPOBAHMS B MHpE.

B 1996 r. rpynna crenuanucToB, YYacTBOBABIIMX B
coznanun nakera «Irap RMSy, Bbienunach B KOMIaHHIO
«Technoguide», xotopast B 1998 r. BeIycTHIA MEPBYIO
BEPCHIO CBOETO TAKETa U TEONOTMIECKOT0 MOJACTHpO-
BaHWA JUIA  ONEpalMoOHHOW  cucTeMbl  «Microsoft
Windows» mon HaszBanueM «Petrely. OtmuuutenbHON
0COOECHHOCTBIO 3TOTO MakeTa ObLIA yaadHas peanu3aus
TE€OMETPHH YTIOBOH TOUYKH, KOTOPAs MO3BOJSNIA CTPOUTH
KapKac CIOXHBIX TEONOTHYECKHX MOZENCH C Yd4eToM
0COOEHHOCTEl 0CaJKOHAKOTUICHHSI W C XOpOIleil Ha TOT
MOMEHT BH3yalu3alied NaHHBIX. JTO, a TaKkKe JOCTYII-
HOCTb MakeTa Jisi pabotsl B cpene «Microsoft Windowsy
OBIO OCHOBHOW TPUYMHOM, Onarojmaps KOTOpPOM MakeT
«Petrel» cpasy o0pen 0oNBIIYIO TTOMYJIAPHOCTD, U B 2002
r. kommanus «Technoguide» Obiia KymmeHa koMmaHuei
«Schlumberger» [40].

Bo Bropoii Bepcun 2002 r. mosBuICS HOBBIA MEHe-
IKep TpadoB MOJETMPOBAHHSA, KOTOPBHIA OBLT OYEHH
NPOCT B HCIONB30BAHHN M ONTHMANBHO TOAXOIMT JUISA
paboTHI CIENHATNCTaM-T€0JI0TaM, HE UMEBIITUM HaBBIKOB
nporpamMmupoBanus. B 2004 1. 6bumH BHEAPEHE! MOAYIN
ISl MHOTOBApPUAHTHOTO MOJIEIUPOBAHKUS U TOCTPOCHHUS
rpadoB MonenupoBanus. B 2005 r. mosBIUach ero pac-
IIAPEHHAs BEpCHs I aHANHM3a HEOIPEICICHHOCTEH W
OlleHKH puckoB. [locTpoeHne MOJENN TPEHIMHOBATOCTH
nosiBuioch B Bepeun «Petrel» 2007 r. [41], a B 2009 .
ObUT BHEPEH MOAYJIb MHOTOTOUYEHYHOH cratuctuku [40].
OmHuM W3 BAaXHBIX NPEUMYIIECTB DAHHUX BEPCHI

«Petrel» sBisIACH BOSMOKHOCTH MHTEPIPETAIINN JAHHBIX
celicMOpa3BenKi M MPOBENEHHS aTpHOYTHOTO aHANHM3a
HETIOCPEICTBEHHO B T€OJIOTHIECKOM MPOeKTe 0e3 mpume-
HEHUsT CTOPOHHEr0 WM cheruanu3upoBannoro [10.
K 2008 r. yxe ObU1a peanu3oBaHa BO3MOXKHOCTb CTPYK-
TYPHOIl HHTEPIPETAINH, BRIICICHHS PAa3IOMOB U pacdeTra
nopsika 40 ceicMIYecKuX aTpuOyTOB.

[Moanepxka WHXUHUPUHTA IIACTa B BHAE MOMYJEH
«Petrel RE» BrepBoie Oblna BHeApeHa B Bepcuu «Petrel
2003SE», B KOTOpOil OBLIN BCTPOEHBI MOJJEPKKA CHMY-
asTopa JuHuEA Toka «Front Simy» u Moys aHaNM3a Hpo-
HunaeMoctu paznomoB «Flo Grid», a B 2004 . mosBH-
Jach BO3MOXKHOCTb MHTETPAINH C THAPOIUHAMITICCKIM
cumyistopoM «ECLy»  (BHOCTENCTBHM TIepEeHMEHOBAH-
HbM B «ECLIPSE»). B naneheitmem, no 2010 r., nossu-
JIUCh BO3MOXKHOCTH ISl aIaNTAINU MOJIENeH Ha HCTOPHIO
Pa3pabOTKH ¥ OLEHKU HEONPENENCHHOCTEH ¢ YIeToM pe-
3yIbTaTOB TUAPOAMHAMAYECKOT0 MOIEIUPOBaHIs. B 1me-
1oM k 2010 r. mporpammHblil maket «Petrel» o0beanHun
B cede BCce JOCTYIHBIC HA TOT MOMEHT (DYHKIMHU IO HH-
TEPIPETAIUN CEHCMHUYECKHX JAHHBIX, MOCTPOCHUIO T'e0-
JIOTHYECKUX MOZENeH TEePPHTeHHBIX M TPEIIMHOBATHIX
KOJUTEKTOPOB, @ TAKXe 3arpy3Ky M HCIONb30BaHHE THI-
poauHamuyeckoro mopenupoBanus. Ilocne 2010 r. pas-
ButHe «Petrel» U Apyrux mporpamMM Ui MOJICTUPOBAHHUS
UJIET TI0 MyTH UHTETPAINU Te0NOTHIECKOro, TeOMEXaH -
YEeCKOTO, THAPOAMHAMAYECKOTO W 0AcCeHHOBOTO MOJe-
mmposanus [40, 42, 43].

U3 npyrux mporpaMMHBIX TAKETOB, KOTOPBIE Y Ie0o-
TOB-HE(TIHUKOB HE MOJB3YIOTCS NIUPOKOW TOMYISPHO-
CTBIO, HO OCTAIOTCS BOCTPeOOBAHHBIMHU, MOKHO HAa3BaTh
«gOcady», M3HAYaIBHO CO3JAHHBIA OJHOMMEHHBIM KOH-
copuuyMoM, «Jewel Suite, «Decision Space».

I[Tporpammusit mpoxykT «gOcady co3ngaBaics ¢ KOH-
na 1980-x rr. [44] u npexHa3HAYAICS IS MOJSITHUPOBA-
HUS KaK PYIHBIX, TAK U HE(PTETa30BBIX MECTOPOKICHHIL.
B nancmeifuem oH ObIm 00BENWHEH C HPOTPAMMHBEIM
npoxyktoM «SKUA» xommanmn «Paradigm» u ceituac
passuBaercs moj HasBanueM «GOCAD SKUA».

[porpammusiii kommnekc «JEWEL» or kxommnanuu
«JOA» mosBuncs B cepenune 2000-x rr. B nanpueiimem
ero paspaboTKy npoaokmia kommnanus «Baker Hughesy
oz Ha3BanueM «Jewel Suitey. OTIHMUMTETBHON 0COOEH-
HOCTBIO 3TOTO MAKETa MOXKHO Ha3BaTh TEXHOJOTHIO «tri-
meshy, KoTopas Mo3BONSET CO3/1aBaTh KapKachl MoJenen
CO CIOXHOM Pa3lOMHOW M COJSIHOKYNOJIBHOM TEKTOHH-
KOH, a TaK’ke BO3MOKHOCTb COBMEIICHHS C ITAKETOM Te0-
MexaHudeckoro  MojenupoBaHus — «Jewel  Suite
Geomechanicsy. JlpyruM MOJHOIEHHBIM MPOTPaMMHBIM
KOMILIEKCOM JUIS TE0JIOTHYECKOTO MOJICITUPOBAHUS SIBIIS-
ercs maket «Decision Spacey, co3jaHie KOTOPOTo Hada-
nock B cepenune 2000-x rr. kommanueit «Halliburtony.
[lepBoHAYANBHO OH MMEN OIpaHWYCHHBIH QYHKIMOHAT, 1
Tonbko B 2010-X TT. MOSBUINCH HEOOXOAMMBIE MOMIYIIH
IS CO3MaHMs MOTHOIEHHBIX 3D Mozeneit. B HacTosmee
Bpems makethl «Jewel Suite» um «Decision Space» mc-
TIONB3YIOTCS BHYTPH YKA3aHHBIX KOMITAHHH IS TIOCTpPO-
CHUS TPEXMEPHBIX TEONOTHYECKHX MOjenedl Hedreraso-
BBIX 3aJIeXKeEH.

JIOTOTHATENBHO CIEMyeT OTMETUTh HPOTPAMMHBIH
maket «Fracmany» xommannn «Goldeny. DToT maker pas-
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pabathiBaiCs KaK y3KOCTCUUATH3UPOBAHHBIN s CO3/1a-
HIIS TEOJIOTMYECKUX MOJIENel TPEeIMHOBATHIX KOJIEKTO-
POB U M3HAYANBHO MpeIHA3HAYANCs ISl HYKI THIPOTEO-
gorud. OpHAKO OTIMYHAS MPOpaboTKa (YHKIMOHANA,
HEOOXOIMMOTO JUIS MOJETUPOBAHUS JIUCKPETHBIX CETOK
tpemut (defined fracture network, DFN), namuna mpume-
HEHHWE W JUIS HEe(TEra3oBbIX MECTOpPOXICHUH [45], oco-
OEHHO BO BpEMEHa, KOT/Ia IPYTHe TIAKEThl He UMEITH c00-
CTBEHHBIX MOJyJEH ISl CO3/IaHusI MOJIENEH TPeIUHOBA-
TOCTH.

OTeyecTBeHHble NaKeThbl reonorMyeckoro

MopaenupoBaHus

HMHTepecHa cyap0a 0TeUEeCTBEHHBIX pa3paboTok B 00-
JACTH TEOJNIOTNYECKOr0 MOAETHPOBaHMs. 3 HUX clexyeT
ynoMmsHyTh: 1) paspaborannsie B r. Tromenn «Euclid-3»,
«PanTerra» u TIK «Henpay; 2) coznannsiii B L{entpans-
HOi1 reodusndeckoil skcneauiuu naker «DV-Geoy, ko-
TOPBIIl B HACTOSIIEE BPEMS Pa3BUBAETCA MOJ Ha3BaHHEM
«Geoplat Pro-G»; 3) cpaBHUTENBHO HOBBIA MOAYNb I'€O-
JIOTUMECKOTO MOJICIUPOBaHUI TakeTa «tNavigator» ot
komnanun RFD, Ha3BauHblil «/[u3aiiHep reonorumy;
4) co3aBaeMblil KOPIOPATHUBHBIN MAKET IS TeOMOIEITH-
poBanust kommanuu Pocuedts « PH-I'eocum».

[Tporpammuas marpopma «PanTerray Obiia co3nana B
OAO «Cu6HUUHII» B . Tromenn. Paspabotka Havanach
B 1993 r. Ilarent 3apeructpupoBan Ha OAO «CubHU-
WHII», B nem ykasausl 5 aBropoB: [I.K.Paemrynos,
CB.Cokono, A.A. Apucto, B.Kongpame u
AN. ®wmirmos. B 1995 r. Beima mepsas pabodast Bep-
cus Ha ardopme «Paradox». B 1998-1999 rr. navamncs
nepexof Ha cucteMy «SQL» — Tak HazbiBaemast «PanTerra-
II». Vkazannas CYB]l ucnonp3oBanack momumo «Cuod-
HUMHID» B HEKOTOPBIX IpYTUx Hay4HO-
uccnenoBarenbekux MHCTHTYTaX: «PHTL («JIykoimy),
«CyprytHUIIMredTHY, a Takxke B « Tiom[ HI'V». o 2013
r. nanHas Bepeus CYB/] aktuBHO ncnons3oBanacsk B OAO
«CuoHUMHII», HO ¢ MWKBUIAlMEH WHCTUTYTA aKTHBHOE
HCTIONB30BAHIE TIPAKTUIECKH TPEKPaTwioch. B HacTos-
mee Bpems CYB][ «PanTerra-1I» mpomomxkaer ucnomns3o-
BaThCSA W pa3BHBAThCA B TIOMEHCKOM MHIycTpHatbHOM
VHHuBepcuTeTe, T/ie paboTaeT OUH U3 €€ aBTOPOB.

[IK «Euclid-3» 61 co3gan B 000 «CubTexnedth»
Taxoke B T. Tromenn B konue 1990-x rr. IIporpamma 006-
nagana (GYyHKIMOHATIOM IS CO3NAHHS M BH3yalU3alluH
TPEXMEPHBIX T'€OJOTHIECKIX MOJIEIEH 1 UX KCIIOPTa s
ruapoarHamMmueckoro Mozemuposanust. 11K «Euclid-3»
ucrnogs3oBancs B 000 «Jlykoitn-Umxuanpunry 1 000
«Henpa-Koncanry.

Emé omuH maker, co3naHHbId B I. TIOMEHH, Ha3bIBaJI-
ca TIK «Heapa». On Obin pa3zpaboTaH rpymmoii aBTOpoB
MOJ PYKOBOJCTBOM KaHAWIATa TEXHUYECKHX HayK
AJO. barypuna [46] B Hauane 2000-x rr. OTOT naker co-
cTOSUT M3 Habopa MOAyINel, HeoOXOUMBIX JUT OCTpOe-
HUS TE0JIOTHUECKUX MOJENeH: KapTONOCTPpOeHHUS, aHalU-
3a 1 00paboTku pesynbratoB uHTepnperanun [ C, pac-
yéTa M oTepanui ¢ Kybamu napameTpoB, peMaciTabupo-
BAHUS CETKU M BBITPY3KM Tpaduueckux Marepuanos. B
2007 r. mpasa Ha IIK «Hexpa» Obumu mepenanst B AO
«CyprytHedrerasz». B Hactosmee BpeMs MpOTpaMMHBIH
KOMIUIEKC (DaKTHUYECKH He Pa3BHUBACTCS, HO €r0 OT/ENb-

96

HbI€ 3JIEMEHTHI BOILTH B cocTaB makera «Texcxemay, Ko-
TOPBIA TIpeJHA3HAYEH I TUAPOAMHAMHYECKOTO MOjIe-
mmpoBanus. C 2003 r. ¢ ucnons3oBanuem [1K «Henpa»
OBLTH TIOCTPOCHBI TPEXMepHBIe Mozien Oonee 50 mMecTo-
poxaenuii 3anagnoit Cubupu, HeHenkoro aBTOHOMHOTO
okpyra u Pecnybnuxu Skytus, B Tom uucine ®enopos-
ckoro, PoroxuukoBckoro, Tamakanckoro u jip.

C koHma 1990-x TT. camocTosTeNbHBIE PadOTHI 110 CO-
3/IaHMIO MTAKeTa JIS TEONOTHIECKOr0 MOJICTHPOBAHHS Be-
much Takke B AO «LentpanbHas reodusnueckas sKcre-
auust» (LD). Taker nomyunn HasBanue «DV-Geoy, u
C €r0 MOMOIIBI0 TPOU3BOAMIOCH IOCTPOCHHE TEONOTHYE-
CKHX MOJIENIed pa3IMIHbIX MECTOPOXKICHHH 10 TIPOEKTaM,
BoimonHseMbIM AO «LII'9». B wacTHOCTH, ¢ HCTIONB30Ba-
HHEM 3TOr0 MakeTa ObLIa MOCTPOEHA eAMHAs Te0NoTHYe-
cKasg MOJeNb YHHKaJIbHOTO CaMOTIOPCKOTO MECTOPOIX-
JIeHns], BKIIOYaromas B ce0s 0onee 16 THICAY CKBAXKHUH.
C 2015 r. pa3BuTHe ATOTO MaKeTa WAET MOJ HA3BaHUEM
«Geoplat Pro-G» B kommanuu «['pun Iloumnt [aiina-
MHKC». B 3TOM mporpaMMHOM MpOJYKTE peaTn30BaH
TIOJHBIN  (PYHKIIMOHAN, HEOOXONUMBIA IS MOCTPOSHUS
TPEXMEPHBIX T'€OJOTHIECKUX Mojieneil u moacuéra 3ama-
coB [47]. B nHacrosmee Bpemst «Geoplat Pro-G» mcmos-
3yeTcs B pAle KOMIMAHWl Ui MOCTPOSHHS Te0NorHYe-
CKUX MOJIeJIel U aKTUBHO MPOIOIIKAET Pa3BUBATHCA.

C 2012 r. B komnanuu OO0 «Rock Flow Dynamicsy
(RFD) BemyTcst paOOTHI 110 CO3MAHAKO MOJYJIS JUIS T€0JI0-
THYECKOTO MOJENHUPOBAHAS HA OCHOBE IUIAT(OPMEI
«tNavigator» mox Ha3BaHueM «/lu3aiiHep TeONOTHI.
IlepBast Bepcus Moxyins Beiumia B 2013 r. Ilocnexuue
BEPCHH 3TOTO TaKeTa 00JIaJaroT MOJHBIM (DYHKIIMOHATIOM
IS TIOCTPOCHHS TPEXMEPHBIX TEOJOTHYECKHX MOJENeH
CO CIIOKHBIMH CETKaMH M MMEIOT TTy0OKYI0 HHTETPaIIo
C TUIPOJIMHAMUYECKAM CHMYJIATOpOM «tNavigatory.
B HacTos1iee Bpems IpOEKT OYeHb aKTHBHO Pa3BUBAETCA
¥ BKITFOYAET B Ce0sT MOMHUMO PacrpoCTPaHEHHBIX METOIOB
TOCTPOCHHS MOJENEH W HEKOTOpHIE OPHTHHAIBHEIC,
HalpuMep, NMEPCIEKTUBHBIA anropurM «Amazonas» Ha
OCHOBE MAIIMHHOTO 00y4eHHS.

B 1enom oteuecTBeHHbIE TIAKETHI IS TEOIOTHIECKOTO
MOZETHPOBAHHS 10 OTHOIICHUIO K 3apy0eKHBIM aHAJIO-
raM HMEIOT BTOPHYHBINA XapakTep U KOMHPYIOT UX (yHK-
[UOHA ¢ IOpabOTKaMU ¥ M3MEHEHUSAMH, HE0OXOAMMBIMH
ans pabotel ¢ yderoMm Poccuiickux TpeGoBaHuil u cro-
KUBIIMXCS Tpaauiuii. OfHaKo B 00JacTH 3KCHEPTH3BI
TPEXMEPHBIX ~ T€OJOTO-THAPOJUHAMIIECKAX — Mojeneit
OTEUYECTBEHHBIE Pa3pabOTYMKU TPOTPAMMHOTO odece-
YeHHS OTIEPEKAIOT 3apyOeKHBIC MPOTrPAMMHBIC TIPOIYK-
Thl. B cepeaune 2000-X IT. MOSBUIMCH OTEUECTBEHHBIE
MaKeTHl JUIs AKCTIEPTU3bI MOJICTICH, caMble M3BECTHBIC U3
kotopeix — [IK «ATJIAC-Okcnepruzan u IIK «Cdoepa.
AccuCTeHT», KOTOpBIA HW3HAYalbHO CO3JABAICA MOJ
HazBanueM 11K «Tpacty, a taxke «TimeZYX». Iocnen-
HUH MaKeT B HACTOSIIEE BPEMS IPAKTHYESCKH HE HCTIONB3Y-
ercs, a co3nannbeii OO0 «TroMEHCKHI HHCTHTYT HE(TH 1
raza» [IK «ATJIAC-Oxcneptuza» HONB3yeTcs MOMYIsp-
HOCTBIO B HE()TETra3oBBIX KOMITAHHSAX JUIA IIPOBEHCHHS
SKCTIEPTH3bl T€OJOTO-THAPOIMHAMUYECKHX MOJENeH |
TMPOJIOTIKACT aKTHBHO pa3BuBaThes. [lonHblil (yHKIMOHAT
uHTerpupoBanHblX B [10 makeToB Ans 3KCHepTU3BI, KOTO-
PBIi MO3BOJIAET MPOBOAMTH ABTOMATH3MPOBAHHbIN aHATU3
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KauecTBa reoJioro-THAPOJMHAMUYECKUX MOJIENEH, B 3apy-
OeXHBIX MTaKeTax MoKa HeJOCTaTOYHO peanu3oBaH [48].

C 2018 r. 8 OO0 «PH-bamtHUITHehTH» € yuacTuem
ABTOPOB JaHHOW CTaThU BEIETCSA pa3paboTKa KOpIopa-
TUBHOTO MPOTPAMMHOTO MaKeTa [ Te0NIOTHIECcKOro MO-
nenupoBanud kommanun [TAO «HK «Pocuedrs» «PH-
['eocum». Hacrosmmii wctopuueckuii 0630p MOArOTOB-
JIeH B X0Ji¢ pa0O0Thl HAJl 3TUM TIPOTPAMMHBIM MPOTYKTOM
VTS TOTO, YTOOBI TIPOAHATM3UPOBATH PHYMHEI YCIIEXOB H
HeyJay, JOMYLIEHHBIX MpU pa3paboTKe M Pa3BUTHU CY-
IIECTBYIOLIMX TPOrPAMMHBIX MPOIYKTOB, U YYeCTb UX B
TIEPCTIEKTUBHOM OTEYECTBEHHBIM IMPOTPAMMHOM TIAKETE
11 reomoienupoBanus. Takum oOpazom, «PH-T'eocum»
OPHEHTHPOBAH B TIEPBYIO Ouepelb Ha pelleHue mpodieM,
BCTPEYAIOIIHUXCS B PEAbHOM MPOLIECCEe MOCTPOSHHS Te0-
JIOTHYECKUX MOJENeH B HE(TAHBIX KOMIIAHHAX, TAKUX
KaKk 00beIMHEHNE TPOTPAMMHBIX TAKETOB MOJEIUPOBA-
HUSl B YHHBEPCANBHBIE KOMIUIEKCHI, aBTOMATU3AIHUS TIPO-
I1€CCOB MOCTPOEHUSI MOJENeH Mpu MoMoIH IrpaoB Mo-
JIeNUPOBAHKS, MHOTOIIOJIB30BaTENbCKas PaboTa U Pa3BH-
THE CUCTEM HMHTEIUIEKTYalbHOM mopmepxku [3]. Bepcus
«PH-Teocum 1.0» Beimymena B konme 2020 r. u yxke
MMEeT BeCh HEOOXOMMBIA HHCTPYMEHTAPHH JUIS TIOCTPO-
€HHSI TPEXMEPHBIX I'€0JIOTHYECKUX MOJIENEH, B TOM YHCIIe
OCHOBAHHBII U Ha OPUTUHAJIBHBIX METO/IaX U ATOPUTMAX,
TaKUX KaK CIEKTpanbHOE MojenupoBaHue u ap. U3 cy-
mecTBeHHbIX oTananil «PH-T'eocum» oT cymecTByommx
MIAKETOB CTOUT OTMETUThH HAMYME TECHOM MHTETPAINH C
JIPYTUMH KOPIOPATUBHBIMU TIPOAYKTAMH, TAKUMU KaK
«PH-KHH», «PH-KIM», a Taxkxe OpHEHTHPOBAHHOCTh
QITOPUTMOB UMIIOPTA, SKCTIOPTa M 0OPaOOTKH JAHHBIX Ha
OTEUYECTBEHHBIC TPEOOBAHNSA U 3a1aUH.

3aknioueHue

leonormueckoe monenupoBanue 3a nocneanue 70 aer
IPOLLIO HECKOJNBKO 3TaNoB Pa3BUTUS OT MPOCTEHIINX
OJIHOMEPHBIX MOJIENIEN OCaAOYHBIX TONI[ 0 KOMILIEKC-
HBIX TEONIOTO-THAPOANHAMHUYECKHX MOJIENEH pe3epBya-
POB, YUMTBHIBAIONMINX BCE JIOCTYIHBIE ISl OTHCAHHS ac-
TEKTHl CTPOEHHS W M3MEHYMBOCTH CBOICTB TOPHBIX TI0-
poa, (uonaoB, HAPSKEHHOTO COCTOSHUA M CTPOCHHUS
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The relevance of the research is caused by the widespread application of geology models to study oil and gas reservoirs. At present time,
by the government regulations in Russia, all field development projects must be done with geology and simulation models.

The main aim of the research is to study and describe evolution of 3D geomodeling as a main method of oil and gas geology. Commonly
used geology modeling packages history and features were revealed in order to determine industry interests and trends, advantages and
drawbacks of existing software.

Object of the research is 3D geology modeling as a method to study oil and gas reservoirs.

Methods: study and compilation of the published papers and internet sources on the topic of geology modeling and appropriate software
evolution.

Results. The paper describes the main steps of 3D geology modeling evolution and the existing software for geology models creation.
There are four stages of geology modeling history. First stage is related to recognition of importance of math modeling to describe geology
systems. The second stage took part in 1950-1970-s and lay occurrence of such branch of science as mathematical geology and its
branch - geostatistics. In early 1980-s first 3D reservoir models were created and used for oil and gas pools study. It inferred active
development of geomodeling and occurrence of first software to reservoir modeling in 1980-s. In early 1990-s geology modeling started to
enter industry and many geologists used it to study and evaluate oil and gas reservoirs. During 1990-s and 2000-s most of commonly used
gemodeling methods and procedures were developed. At present time there is a trend in geomodeling to integrade all geoscience data into
one project which should include geology, seismic, simulation, geomechanics and other aspects of reservoir study. Since 2018 the
corporate software for geology modeling is created in Rosneft oil company. All determined advantages and new methods are integrated or
going to be integrated into new geomodeling package «RN-Geosimy.

Key words:
Petroleum geology methods, geology modeling, geomodeling software, geology modeling evolution, RN-Geosim.
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