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MmupoBas HedTerazoBasg Hayka B oOylacTu paspa-
GOTKU M 3KCILTyaTallM He(TIHBIX U TA30BbIX MECTO-
poxXaeHMi 03ab00YeHa HayYHbIM OOecriedeHUEM 10~
HOTBI U3BJIeYeHUsT He()TH U ra3a U3 MPUPOMHBIX pe-
3epByapoB. Ha pellieHre cooTBETCTBYIOIINX MoA3aaa4
HalleJIeHbl KOMITJIEKCHBIE J1abopaToOpHbIE, ITPOMBIC-
JIOBBIE I KOMITBIOTEPHBIE UCCICAOBAHMSI.

Ha ceromHsiiiHuii AeHb B MUPOBOM MNpakTUKe
IUTaHKa TPU3HAHUS BEJIWYMHBI KOo3hhUILIMeHTa Mo-
ne3Horo neiictBus (KIT) HedTsIHOro HEAPOIIOIb30-
BaHUS — JOCTUXKeHUE Koa(duumneHTa U3BaeYeHus
Hedptn (KMH) — 6onee 60%. [MosToMy Bce ycrumus
KpyMHENHIMX HedTera3oBblX KOMIIAHUWN MUpa Ha-
MpaBJIeHbl HA TO, YTOObI JOCTUYb U MPEB3OUTH yKa-
3aHHbI ypoBeHb. B Poccuum nannsiit KIT/ kpaiine
Hu3o0K. Eciiu B coBeTCKHe BpeMeHa cTpaHa CTpeMU-
nmack K KMH Ha ypoBHe 42—45%, To ceituac Poccust
MOXET paccuuThiBaTh Ha KoHeuHblli KMH He 6onee
33% B cpemHeM IO BCEM MECTOPOXICHUSM HedTH
cTpaHbl. MHBIMU ciioBaMu, He MeHee 67% HedTH
OCTaHeTCs B TIJlacTax Mocje OKOHYaHUS pa3paboTKu
HEePTSIHBIX MECTOPOXKICHUIA.

! Huemumym npo6aem negpmu u easa
Poccuiickoii akademuu nayx, Mockea, Poccus

*e-mail: ezakirov@ogri.ru

He my4dmie o6¢cTonT cuTyalms ¢ Ta30BEIMA MECTO-
poxnenusiMu. Tak, KITJI Ha TocoanaHce (Koaddu-
mueHT u3BiaeveHus raza — KUI, koadduimeHT ra-
300TOa41) OO MOCJIETHETO BpEMEHU 110 BCeM MECTO-
poxaeHusIM yuciaicsa B pasmepe 100%. OgHako Ha
CETOIHS HepeaKO BCTAIOT IIPOOIEMEL C IIPOIOJIKEHU -
€M BKCIUTyaTalliM Ta30BBIX MECTOPOXICHUI-TUTaH-
TOB C OCTAaTOYHBIMH 3allacaMU HU3KOHAITOPHOTIO ra3a
B COTHM MUJIJIMApIOB KyOOMETpPOB rasa (4ro yCJIOBHO
9KBUBAJICHTHO MECTOPOXIEHUSIM He(TH C 3alacaMu
B COTHU MWIIMOHOB TOHH). CyMMapHBIe K€ 3arachl
NOJO0OHOrOo rasa Io CTpaHe MCUYMCIISTIIOTCS TPUJLIAO-
HaMH1 KyOOMETPOB.

Eme ocrpee mpobiiema ¢ K03(pPUIIMEHTOM KOH-
neHcarootnayu (KMK). M6o npakTudecku Bce razo-
KOHJICHCATHEIE MECTOPOXICHMS B CTpaHe pa3padaThi-
BalOTCId B pEeXUME HCTOILIEHMS TIACTOBOIM 3HEPTUM.
Beimagaromuii B TJIACTOBBIX YCIOBMSIX KOHIEHCAT
(mnacToBasl yIiIeBOJOPOTHAS XKUIKOCTh) IIPU CHIKE-
HUM TJIACTOBOTO AABJIEHUS 3aTeM ITPaKTUUECKU HU-
KOTHa TOOBIT OBITH HE MOXET. DTO TeM 0oJiee OOMIHO,
160 B OEH3MHOBOM SKBUBaJICHTE TOHHA KOHAEHCAaTa
SKBHUBaJIcHTHa 2—3 1 60Jiee TOHHAM HeTH.

IlewanbHa curyauus B Poccum ¢ MomMHOTOM U3-
BiaedeHUs HedTU N3 HePTIHBIX oTopouek. KMH 1o
HedTssHbIM oTopodykaM (HO) oObIYHO HaxXomUTCS B
munana3oHe 10—30% oT HadalbHBIX TeOJOrMYECKUX
3amacoB. B Poccun He enMHUYHBI CJIy4au C JOCTHKE-
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aneM KMH Ha ypoBHe HavaabHBIX IpolleHTOB. He-
PEIKM U CIydau MOJTHOTO MpeHeOpeXXeHUsI 3aracaMmu
HedTU B OTOPOUYKE IIPU HAJTUYUU OOIIMPHBIX ra3o-
KOHJICHCATHBIX IIaITIOK. MUPOBOIi ONBIT MOKA3bIBa-
€T, YTO C MCITOJIb30BaHUEM MHTEIUIEKTYaIbHBIX MO -
XOJIOB MHXKEHEPOB-Pa3pabOTUNKOB BIIOJHE HOCTHU-
xumbl KMMH 13 oropouex B nnanasone 40—60%.

Takum obpa3zoM, COCTOSSHUE e B OTE€YECTBEH-
HOM HedTera3oBoM HeAPOIOJIb30BAHUU JOCTATOUHO
mpobieMHoe. K ToMy ke cTpaHa BCTyIaeT B BIIOXY
TPYIHOU3BJIEKAEMbIX 3amacoB HedTu U Taza. [leii-
CTByIOIIAsl KjlaccU(UKalMs 3aracoB CIOCOOCTBYET
BBEIOOpPOYHOM OoTpadoTKe 3amacos [1]. B wactHOCTH,
JIOTTyCKaeTCcsl MpeHeOpexXeHe HepeHTa0eJIbHOM 10-
ObIvyeil HeTU U3 HE(PTIHBIX OTOPOYEK.

Pa3paboTka He(PTIHBIX M Ta30BBIX MECTOPOXKILC-
HUI1 OTHOCUTCS K 00JIACTY €CTECTBEHHBIX U TEXHUYE-
ckux HayK. CyliecTBEeHHBIM 00pa30oM OHa 0a3upyeT-
Csl Ha TOCTKEHUSIX (PyHIAMEHTAIbHBIX HAyK — Ma-
TeMaTuKU, PU3MKU, XUMHHU. B OCHOBHOM, He CTaBs
HOBBIE 3a7a4M Mepel HUMU, a UCTIOJIb3ysI UX HOBeli-
1€ TOCTVDKEHUS, KOMILJICKCHUPYSI JIYUIIe PEIIeHUS
yKa3aHHBIX HayK C TOHUMaHUEM OCOOEHHOCTEM MPO-
TEKalIIMX B IUIACTE IIPOLIECCOB IIPU pa3pabOoTKe.
B nanHoI1 cTaThe KpaTKO KOCHEMCSI OCHOBHBIX IIPO-
O1eM 1 focTuKeHUu i pu 3D-MoeMpoBaHUY TUHA-
MUYECKUX IIPOLECCOB pa3pabOTKU MECTOPOXACHUIA
HedTH 1 Ta3a.

HaubGonee akTuBHO pa3BrUBaeMblii CITOCOO 0OOCHO-
BaHUsI MTHHOBAIIMM CBSI3aH C UCITOJIb30BAaHUEM HOBE -
IIMX JOCTHMXXKEHUM MO MaTeMaTU4ecKOMY MOJEIUPO-
BaHUIO TipolieccoB dunbrpauuu. C odpULMaTbHBIM
nepexomoM B 2000 r. B Poccuu k 3D-koMIIbIoTEpHOMY
MOJEIUPOBaHUIO [2] MPOEKTH pa3padOTKU KPYII-
HEUIIMX He(TEera3oBbIX MECTOPOXKIECHUIN CO31aI0TCS
¢ momolibio 3D-aapecHbIX MOCTOSSHHO AEHCTBYIO-
IIUX TeOJIOrO-TEXHOJOrMuecKux Mojenei. OmHako
JI0 CUX MOp LIMPOKOM HAayYHOU OOIIEeCTBEHHOCThIO
ellle He OCO3HAHO, YTO 1iejblo 3D-KOMMbIOTEPHOTO
MOJIEJIMPOBAHUS JOJKHO BBICTYNATh HE NPOBEIeHUE
eIMHUYHBIX TMPOTHO3HBIX pacuyeToB, a OlleHKa U
yIpaBJieHUEe pUCKaMU U HEOTIpeeIeHHOCTSIMU T€0-
JIOTUYECKOTO CTPOEHMS, a TaKXKe TEXHOJOTMUYECKUX
nmapaMeTpoOB AKCIUTyaTalluy CKBaXKWH.

Ha cerogHsiHmi1 feHb TUITUYHBIN TPOEKT COOEP-
XUT 3—4 TIpOTrHO3HBIX BapUaHTa C HEOOIBIITNM KOJIH -
YeCTBOM COITOCTaBJIsSIeMbIX MapaMeTpoB. Hanmpumep,
M0 TUIOTHOCTU pPeau3yeMbIX CUCTEM PacCTaHOBKU
ckBaxXuH. C Hay4YHOM TOYKU 3pEHUS 3TOTO SIBHO He-
JIOCTAaTOYHO.

CoBpeMeHHBbBIE ITaKeThl reojiornyeckoro 3D-mo-
JIeTUPOBaHUS CITOCOOHBI CTPOUTHh aHCaAMOJIb paBHO-
BEPOSITHBIX peajn3aluii CBOMCTB ILIACTa, YIOBJIC-
TBOPSIONINX 3aMepaM (QMIBTpalMOHHO-eMKOCTHBIX
cpoiicTB (PEC) Ha ckBaXkMHaX, ¢ BEICOKOM pa3peliia-
IOIIEil CIMOCOOHOCThIO MO BepTUKaIW. s 3Toro
YCIEITHO MCTIOJIb3YIOTCS METOIbI ABYXTOUEYHOI I'e0-
CTaTUCTUKHU.
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I'eonormueckme 3D-Momenn cTaTUIHEBI, a CO3Ia-
BaeMble Ha UX OoCHOBe 3D-¢puiIbTpalluOHHBIE — IU-
HaMWYHBI. B mocienHue pecaTwiieTds] BO3HMKIIA
cneunduyeckas 3agada nepeHoca MEC ¢ Menkoii
3D-reonornyeckoit Ha 6osiee Tpyoyio 3D-runponu-
HaMMYECKYIO0 C COXpaHEHHEM peajn3Ma OIMCAaHUS
HEOTHOPOIHOCTU MEIKOMACIIITAOHOM MOAEIIH.

B mpocrteiiiireM cirygae HECKOIBKO MEJIKHIX CETOUY-
HBIX OJIOKOB I'€0JIOTUYSCKON MOJEIU OOBEeIUHSIIOTCS
B OIHY IpyOylo siyeiiky TruapoauHaMmuyeckoit [3].
IIpu mepeHoce (MaciITaOMpPOBAaHWM, B aHIJIOSI3bIU-
HOI JIMTepaType WCIIOJb3yeTcs TepMUH upscaling)
HeaJJIUTUBHBLIX CBOICTB (HaIlpumep, abCOIIOTHOM
MIPOHMUIIAEMOCTH) ¢ MeJIKoi 3D-reomorndeckoit Mo-
Iean Ha OoJiee Tpyoyro 3D-ruapomHaMUYECKyIO B
paMKax OTHOI'O OCPEIHSIEMOIO KPYITHOTO CETOYHOTO
0J10Ka MPUXOIUTCS TIOJTHOCTBIO 3aIIOJIHSITh MAaTPUILY
TeH30pa abCOMIOTHOM MPOHUIIAEMOCTH.

Jlpyroii BaxKHBIN pe3yabTaT IIPOOJIEMBI OCpeTHe-
HUSI MOXET OBbITh C(hOPMYIUPOBAH B BUIE CIEAYIO-
Imero Borrpoca u 2 oTrBeToB. Ecim Ha MeakoM Mac-
mTade OMHU YpaBHEHUS OIMCHIBAIOT (DUJIBTPAIIMIO,
TO COXpaHST JIA OHU CBOM BUI Ha OoJjiee KPYITHOM
Macitabe? B 1enoM orBeT oTpuiiaTeabHbIA. I1pu
OCpeOHEHUM IJIs COXpPaHEHMs peajar3Ma OIMCAHUS
HEOJTHOPOJHOCTHU B CHUCTEME YpaBHEHMU HOJIKHBI
MOSIBUTBCS OOIOJTHUTENbHEIEC ClaraeMble, WIEHBI CO
CTaplIMMU IPOU3BOMHBIMU. JloompenesieHrne HOBBIX
YJIEHOB CBSI3aHO C MTPOOJIEMOI1 3aMBbIKaHUS B TUAPO-
IUHAMUKE.

Kpowme Toro, BaxkHbIli pe3yabTaT moaydeH I1. Ku-
TaHuaucom u3 CreHGOpACKOro yHMBEpCUTETa
CIHA. CootBeTcTBylolasi TeopeMa (0e3 CChIJIKM Ha
MyOIMKalIMI0) YacTO YIIOMUHAETCS B aHIJIOSI3bIYHOM
Jutepatype. Ecnu B MesiKoMaciiTabHOI Moae I Uc-
MOJIB3YyeTCSI TOJBKO OAWH HAOGOp KPUBBIX OTHOCU-
TeJIbHBIX (pa30BbIX mpoHunaemocreit (OMPII), nzme-
DPEHHBII, HanpuMep, Ha obpa3liax KepHa, TO HAUJIy4d-
1Iee COBITaJIcHUE Pe3yIbTaTOB MOISIMPOBAHUS Ha
MEJIKOM M KPYITHOM Maciitabe qocturaercs 6e3 Ka-
Koro-imb6o maciirabupoBaHus kpuBbix O®PII. Ta-
KM 00pa3oM, B OTHEJbHBIX CIIydasiX allpyuopy He
cienyer 3aHUMaTrbcsl MaciutabupoBaHuem OOII.
B GonbliMHCTBE MyOIMKALMil OTEUYECTBEHHBIX CIie-
HUaIMCTOB (Hampumep, [4]) BMecTO MHpaBUIbHOTO
MpoBeneHusI OMHO(a3HOTO arncKeiauHra u onpeae-
JIeHUsI TeH30pa a0COJIIOTHOU MPOHUIIAEMOCTU COB-
MajJieHUe pacuyeToB Ha MEJIKOM U KPYITHOM MaclTade
TPAAULIMOHHO OCYIIECTBISIIOT 3a CYeT MOATOHKU
O®II, Hapyliast TeOpeTUIYECKM 0OOCHOBAHHbBINA pe-
3y/IbTAaT.

BaxHbIM TMpakTUYECKUM pEe3yJbTaTOM MOMAEIU-
pOBaHUSI C TIOJITHBIM TEH30POM IMPOHUIIAEMOCTH SIB-
JISIETCS TPSIMOE COIOCTABJIIEHUE TPOXYKTUBHOCTEN
CKBaXXWH PA3JIMYHBIX TPAEKTOPUI BCKPBITUS TJIACTA
MpU APEeHUPOBaHUU (PUKCUPOBAHHOTO O0ObeMa Bep-
TUKAJIbHBIMU, TOPU30HTAIbHBIMU cTBOJaMU [5]. I1o-
Ka3aHo, YTO 1eOUT BEPTUKAJIbHOU CKBaXXKMHBI HEUYB-
ToMm 510
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Puc. 1. HarnerarenbHast (a) 1 jo6biBatolas (0) CKBaXXMHHBIE CUCTEMBI.

CTBUTEJICH K IIPOCTEMIIIeMYy BUIY aHU30TPOIUU IIPO-
HHMIIAEMOCTHU B BUE Pa3IMYAIOIIMXCS BEPTUKAIILHOM
¥ TOPU3OHTAJIbHOM ITpoHMIIaeMocTe. [IeOuT BepTu-
KaJbHOI CKBaXXWHBI MaJI, HO CTaOMJIEH II0 CpaBHE-
HUIO C TOPU30HTAIbHOI cKBaxXKmHOM. JleouT 1mocien-
Hel KpaliHe YyBCTBUTEJIEH K aHU30TPONUU TIPOHU-
LIAGMOCTU, CJIOMCTOMY CTPOCHMIO KOJUIEKTOpa U
MECTy PaCHOJOXEHMsI CTBOJAa B CIOMCTOM ILIACTE.
M xoTs cTapTOBBII 1eOUT TOPU3OHTATBHOM CKBAXHU-
HBI MOXET OBITh KPATHO BbIII€ BEPTUKAILHO, C TOU-
ku 3peHns KMH ropn3onTaibHbIe CKBaXKMHBI MOTYT
oKaszaThCs gaxe MeHee 3(PGEeKTUBHBIMU, YeM BEPTHU-
KanbHble. Kak MUHUMYM, UX HE0oOXoOouMoO obecrie-
YyuBaTh “3HEPrEeTUKOI’, peam3yss HarHeTaTe/IbHbBIC
CKBaXkMHBI B BapMaHTE TOPU3OHTAIbHBIX.

YT100BI OOBEIMHUTHL MPEUMYIIECTBA M KOMIIEHCH-
pOBaTh HEJOCTATKY BEPTUKAJIBHBIX I TOPU30HTAIbHBIX
CKBaXMH, OBLI IIPEIJIOKEH HOBBIA TUI TPacKTOPUIA
CKBaXXWH — TICEBIOTOPMU3OHTAIIBHBIN [5]. DTO CKBaXKM-
HbI, BCKPBIBAIOIIHE OT KPOBJIM JIO ITOAOIIBHI IIPOAYK-
TUBHBIN IJIACT, C JJIMHOM “TOpM30OHTAJILHOM  YacTH,
COU3MEPUMON C NJMHOM HACTOSILIEl ropu30HTaIb-
HOM cKBaxXMHBLI. COOTBETCTBYIOIINE CKBaKMHBI
OJIM3KU K BepPTUKAJIbHBIM IO OTHOILIEHUIO K aHU30-
TPOITMM, HO 00JIa1al0T MPOAYKTUBHOCTBIO TOPU30H-
TaJIbHBIX CKBaXKIH.

Bce MecTopoxaeHust HeTH 1 Ta3a XapaKTepU3y-
FOTCSI CBOMMM OCOOEHHBIMY CBOMCTBAMU (PIIOUIOB U
BMEIAIOIIMX TOPHBIX MTOPOA, MPOSBISIOLIUECS MPU
MX B3aMOJENCTBUU U B3aUMOBJIMSIHUN. DTU CBOICTBA
o0ecIeuyrBaloT KakK IOJIOXKUTEIbHbBIC, TaK U OTpULIa-
TeJIbHBIE KaYeCcTBa B ITpoIiecce pa3padboTKM. 3agadya MH-
>KeHepa-pa3padoTurKa COCTOUT B KOMITCHCAIIMM Hera-
TUBHOTO BO3OEHCTBUSI 3a CYET TIOJOXKUTEIbHBIX
CBOMCTB IPUPOIHOM CUCTEMBI. BapnaHTOB TexHMUeE-
CKUX PpElLIeHUId TaKoro poda CYyLIECTBYET BEJIUKOE
MHOXECTBO, KPAaTKO KOCHEMCSI TOJIBKO OTHOTO U3 HUX.

Ha ceromHsiHuil 1eHb MPEMIOXKEH PSIi MHOTO-
(GYHKIMOHAJIBHBIX TEXHOJOIWi1 [6], obecrneuynBaro-
X OTHOBPEMEHHOE MOBBIIIeHNE KO3(DPUIIMEHTOB
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KNI, KMH u KK 1nipu pazpaboTke HeTera3oKoH-
JIeHCaTHBIX MecTOopoxaeHu . OHU 00ecneunBaloT He
TOJILKO YBEJIMYEHUE TEeKYIIIMX YPOBHEI oTOopa yKa-
3aHHBIX KOMIIOHEHTOB, HO U MaKCUMaJIbHO paIio-
HaJlbHOE MCMOJIb30BaHUE 3aIlacOB MECTOPOXIEHUM
HedTH U rasa.

I1pu HaTMYMKY KOHTAKTUPYIOIINX ra30BOM IIAIIKK
n HedTIHON OTOPOYKM QuonmaabHass CcucTeMa
OOBIYHO HaxoguTcCd B CUCTEME JIOKAJIbHOI'O TCpMOIU -
HaMMU4ecKoro paBHOBecHs. W ra3 odoralleH KOMITO-
HeHtamMu CS5+BpHeKungmue, a HedTh COMEPKUT
oIpeaeIeHHOE KOJIMYECTBO paCTBOPEHHOTO rasa. 3a-
nachl He(PTU B MOAOOHOM CUTYalIMM SIBJISIOTCS Hau-
Oojiee TIPOOJAEMHBIMUA M TPEOYIOT YIIPEXKIAIOIINX
YCUJIUI T1I0 00eCIeYeHUIO TTIOJTHOThI UX U3BJICUCHUSI.
I[Tosromy HO momkHa pa3padbaThIBaThCS ONepeXkaro-
mmMu Temnamu. st paspadorkmn HO mipensmaraercs
HCITIOJIb30BaTh CUCTEMbI HA OCHOBE TOPU3OHTATbHBIX
cKkBaxXvH (cM. puc. 1). 3mech 1 foOBIBaomiasi, 1 Ha-
THeTaTe/IbHAsl CKBaXXWHBI PEaM3yIOTCSI B BapUaHTe
MHOTr03a00MHBIX C TICEBAO-TOPU3OHTAIbHBIMU CTBO-
mamu. B MaTepmHCKOM CTBOJIe HOOBIBAIOIIC CKBa-
KMHBI Ha BCIO TOJIIMHY BCKPBIBAIOTCS HeTsIHAas
OTOPOYKA 1 YaCTh FAa30HACHIILIEHHOTO MHTepBaJIa JJIsT
OpUTEKaHUSI XUPHOTO (ComepsKalllero KOHIIEHCAT)
raza (iudpa 3 Ha puc. 1 a). BokoBBIMU TICeBOO-TOPU-
30HTAIBHBIMU cTBOJIaMU (11D pbl 1 1 2 Ha puc. 1 a)
JIOOBIBAIOTCS He(PTh, BOIA 1 IIPOPHIBHOI I'a3 BMECTE C
KoHIeHcaToM. Bcst moOsIiBaeMast IIpOayKIINS B PEXKM-
M€ €CTeCTBEHHOTO Ta3-JaudTa MojaaeTcss Ha MoBepX-
HOCTB, II0 OOHOM KOJIOHHE HAaCOCHO-KOMIIPECCOP-
HbIX Tpy0 (HKT) B MaTepuHckoM cTBOJIe. B HarHera-
TEeJIbHOM CKBaXkWHE BOJa, MPOXOs IO 3aTpyOHOMY
IpPOCTPAHCTBY, HAarHETAeTCS B HEMDTIHYIO OTOPOUYKY
yepe3 00KOBbIE CTBOJIBI (1IMGphI 4, 5 Ha puc. 1 0), mpu
YCTAHOBJICHHOM ITaKkepe B 3aTPyOHOM ITPOCTPAHCTRBE.
MaTtepuHCKMI CTBOJ BCKPBIBAETCSI TOJILKO B ra30-
KOHJIEeHCATHOM marnke (uudpa 6 Ha puc. 1 6) ns 3a-
KauyKM CyXOro rasa.

IMpemtoxeHHass cxeMa MO3BOJISIET MAaKCUMAaIbHO
MHTEHCU(UIIMPOBAThL pPa3pabOTKy HEe(PTIHONH OTO-
ToM 510
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POYKH. O,[[HOB])GMGHHO BO3MOXHa p€aim3alnmnsda HE-
3aBUCHMOTO Ira3oBOTIO ITpO€KTa C MEIJICHHbBIM cali-
KIIMHI-TIPOLE€CCOM IJId IMMOBBLIIIECHUA KOHICHCATOOT-
Jaqyu.

Kaxkoii 661 TOuHOI HM ObLIa 3D-anpecHast reono-
ruyeckasi Mojiejib, paHO WX MO3AHO TIPOTHO3 100bI-
YM 110 Hell HAYMHAET pa3InyaThbCsl ¢ HAOIIOIaeMbIM
¢dakToM Ha mpombicie. B ciyyae cyIiiecTBEeHHOIro
pacxoXAeHUsT U3MEpsSeMbIX Ha MECTOPOXICHUSIX
JIaHHBIX W PE3YIbTaTOB PacYeTOB HEOOXOINMO aBTO-
MaTU3UPOBAHHO pellIaTh 3a1a41 afanTalud UCTOPUU
pa3paboTKU K (haKTUUYECKUM JAaHHBIM, MPEACTaBIISI-
olme co0oif oOpaTHBIE 3agadyu Teopuu (UIbTpa-
1IMU. B COOTBETCTBYIOIIMX 3a0a4aX MUHUMU3UPYETCS
KpUTEpUil KauecTBa, MPeIcTaBIsIoIIMi cob0ii B3BE-
IIEHHYIO CPETHEKBaIpaTUIHYIO HEBSI3KY MEXIY 3a-
MEPEHHBIMM M PACCYMTAHHBIMM IO MOJIEIM I1apa-
MeTpamu. Hanmpumep, no 3a00itHbIM JaBJICHUSIM, Ha-
CBIIIEHHOCTSIM (Pa3, COOTHOLICHUSIM (ha3 B IIOTOKE U
T.1.

B psine myGnaukanuii aBTopa 1oKa3aHoO, YTO BO3-
MOXHO JOCTOBEPHOE olpeieJieHUe M0 30HaM Ko3ah-
(GULIMEHTOB MOPHUCTOCTU U MTPOHULIAEMOCTH T10 TPEM
IJIaBHBIM OCSIM T€H30pa MPOHUIIAEMOCTH, TEOMETPU -
YECKHUX XapaKTEePUCTUK TJ1acToB (KakK IO MJIOLIAIN,
TakK ¥ 10 Beptukaim), pyakuuiit ODII, mapameTpos
YUCJIEHHBIX BOJOHOCHBLIX TOPU30HTOB, HaIlpUMep,
derkoBrya. BepmuHoit B JaHHO# 00JacTU MOXHO
CUUTATh T€OJIOTUYECKM COMIACOBAHHYIO afanTallvio
[7]. Korma B KayecTBe yIpaBISIONIUX ITapamMeTpOB
BBICTYTIAIOT FreocTaTuCTUYeCKe napamerphbl 3D-reo-
JIOTUYECKOI MOJIeJIU, a ajanTaiysi UICTOPUU TIPOU3-
BOJUTCS CITOCOOOM, HE HapyIIAMOIIUM MPUHIIUIIOB
3D-reojioruyeckoro MoaeaupoBaHUs.

Hcnonb3yeMbie aBTOPOM ITOXXOIBI IUTST aBTOMATH -
3MPOBAHHOM aganTaluu ONMUPAIOTCS HAa COBPEMEH-
HbIE METONbI TCOPHHU OINTHMAJIBHOTO YIIpaBJIeHUS.
CoOOTBETCTBYIOIINE METOIBI TPEOYIOT PEIICHUS IBYX
BCITOMOTaTeIbHBIX 3aJa4 JOIOJHUTEJIbHO K pelle-
HUIO 3aJayd MPOTHO3a: COMNPSDKEHHYIO JWHEWHYIO
KpaeBylo 3a1avyy ¢ 4JeHaMHW UCTOYHHKOB U CTOKOB,
CBSI3AaHHBIMU C HEBSI3KAMU MEXIY pacueTHbIMU U
dakTHYeCKMMHN 3aMepaMM Ha CKBaXXWHaX UIST Ha-
XOXIEHWST HalpaBJICHUST TTOMCKa ONTUMyMa MUHU-
MU3UPYEeMOro Kputepusi Kadecta. Bropast 3amaua —
TaKoKe JIMHeiTHasI, pelraeTcst I Bapualnii (ha3oBbIX
TepeMEHHBIX 3adayi C IeJbI0 OMpenesIeHus] ONTH-
MaJIbHOTO IlIara CMeEIIEeHUsI BIOJb Y& HalJIeHHOro
HaITpaBJICHMSI TTOMCKa. B KadyecTBe mpoliemyp MOBBI-
MIEHHOTO TTOPSIIKA CXOMUMOCTH MCITOJIB3YIOTCS KBa-
31-HBIOTOHOBCKNE METOMIBI.

I1pu pemieHnY 3ama4 UCTOPUM Pa3pabOTKM TAKXKeE
BO3MOXHAa aBTOMATU3UPOBAHHAsI OLIEHKA IOBEPU-
TeJIbHBIX MHTEPBaJIOB U3MEHEHMs OLIECHUBAeMBbIX I1a-
paMeTpOB IIIACTa, OLIEHKA HEOIMPEaeJIEHHOCTU IIPO-
rHo3a go6bryn. Kak Ha OCHOBE OTOENbHOM MOACIH,
TaK U aHcaMOJigd pPaBHOBEPOSTHBIX peanu3aluii
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CBOIICTB IJ1acTa, afanTUPOBAHHBIX K MCTOPUU pa3pa-
OOTKHM.

brmaromapss Bce Bo3pacraromieit TouHoctu 3D-
GWIBTPAIIMOHHOM MOJIENIU TToC]Ie ee adanTalluu, UH-
Tepec MPEeACTaBISIOT aKTyaJlbHbIE Y CJIOKHbBIE ONTH-
MU3alLMOHHbIE 3aJauyl MO PEryJIUupOBaHUIO pa3pa-
OOTKM OIHO- M MHOTOILJIACTOBBIX MECTOPOXKIASHU
Hedtu [8]. Torma 06e3 OypeHMSI HOBBIX CKBaXKMH,
TOJIBKO 3a CUET IepepacripeieieHuss OTOOpOB U 3a-
KayKy IO BCEM AOOBIBAIOIIMM M HArHeTaTeJIbHBIM
CKBaXXMHaAM BO BpEeMEHHU, YAaeTcsl 3HA4YUTEJbHO
VIY4IIMTh SKOHOMUYECKHUE TToKa3aTenu N00bIuM (Ha
10—30%), mocraBisis MaKCHUMyM JTHUCKOHTHUPOBaH-
HOM 100bIYe HEDTU.

Ecnu B 3amavax aganraliim UCTOpUM pa3paboOTKU
B KQUeCTBE HEM3BECTHHIX OLICHUBAaEMBIX IIAPaMETPOB
yacTto BbIcTymalor MEC 1racta (craTUYHBIE Mapa-
METPBHI), TO B 3a/1a4ax peryJMpoBaHUS OMpeaeIeHUIO
MOABEPraloTCs MMHAMMKM BO BpEMEHU 3a00MHBIX
JIaBJICHMI KaK JOOBIBAIOIINX, TaK 1 HATHETATEIbHBIX
cKBaxkXMH. Yuncio onpenensieMbIx IapaMeTPOB B 3a1a-
yax peryJMpoBaHMsI BO3pacTaeT Ha HECKOJIBKO II0-
PSIIKOB TTO CpaBHEHUIO ¢ 3agadaMu amantanuu. M 6e3
COBPEMEHHBIX METOJOB TEOPUMU OITUMAIBLHOTO
yOpaBJeHUS pelllaTh MOJ00HbIE 3ada4r ObLIO OBl He-
BO3MOXHO.

Takke K OTJIMYUTENTBHOM OCOGEHHOCTH 3a1a4 pe-
TYJUPOBAHUS CeAyeT OTHECTH JUHEHHOCTh KPUTE-
pMsI KayecTBa MO CPAaBHEHUIO C KBaAPAaTUYHBIM KPU-
TepueM B 3afavax agantanuuu. [1osToMy cylnecTBeH-
HOe BJIIMSHUE Ha IToJlydaeMoe pellleHUe OKa3bIBaloT
orpaHUYeHMSs, HaKJIaJbIBaeMble Ha pabOTy Ha3eMHO-
ro obopynoBanusi. [103ToMy ONITUMAabHOE pellIeHue
3aJa4M PETYIUPOBAHUS TUKTYETCS OTpaHUYCHUSIMU
Ha J0OBIYY KOMITOHEHTOB IO CKBaXXMHaM, TpyIIre
CKBaXXWH WJIN MECTOPOXKIACHUIO B 1IeIoM. ONITUMATb-
HOe pellleHUe TTPUHAMLIEXKUT TUITePIIOBEPXHOCTH, Ha
KOTOPOI KaK MUHUMYM OJTHO OTpaHUUYCHUE SBIISIETCS
AKTUBHBIM (BBIMIOJIHEHHBIM B BUJIE PAaBEHCTBA).

Bce 3apaum apantauuy M peryJIdpOBaHMs pelia-
orcst B 3D-MHOroa3HOM MHOCTAaHOBKE, C YYE€TOM
0COOEHHOCTE pa3paboOTKM MECTOPOXISCHUN TpU-
POIHBIX YIIIEBOJOPOAOB, a TAKXKE 0COOEHHOCTEI reo-
JIOTMYECKOIO0 CTPOEHUSI MNPOMYKTHUBHBIX ILIACTOB,
pacCTaHOBKM CKBaXXWH, 0€3 YIIPOIIAIOIIMX IIPEano-
JIOXKEHUMH.

Pa3BuTtoe mporpamMmmHoe oOecrieueHUe COOTBET-
CTBYEeT aKTyaJJbHOMY HaIIpaBJICHHUIO “yITpaBlIeHHE
pa3paboTKoii B 3aMKHYTOM 1Liukiie” [9]. Peub uget 06
yIpaBIeHUU pa3paboTKOil B aBTOMAaTHU3MPOBAHHOM,
HayYHO 000CHOBAaHHOM peXKMe, Ha OCHOBE TTOCTO-
STHHO amanTupyloleiics, yrounsemoit 3D reomoro-
TUIPOAMHAMUYECKOM MOIEIIH.

Ha ceromnsmHumii neHb MHTEIUIEKTyajlbHasl pa3-
paboTka B MUpe OasupyeTcsl Ha OypeHUU OYCHbBb
JUIMHHBIX TOPU30HTAJIbHBIX CKBaXXWH C HaleJICHUEM
X 3HAYUTEJIbHBIM HaOOpOM pa3HOOOpa3HbIX TaTIM-
KOB. ITpOMBIIIJIEHHOCTh TTOAXOIUT K MpoOJieMe UH-
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TeJIJICKTyaJIU3allui HECKOJIBLKO YIPOILIEHHO — CUNTA-
€TCd, YTO TOJBKO 3a CUET WHCTAJUISLUU JATYUKOB
pa3paboTKa CTaHOBUTCSI MHTEJUIEKTyaJlbHOI. Oue-
BUJIHO, YTO 3TO He TakK. KTo-TO moykeH coOuparth,
o0OpabaTeIBaTh 1 aCCUMUIMpPOBATh B 3D-ruaponnHa-
MHUYECKOIl MoIe/IM MPOMBICIOBbIe maHHBIE. be3 pe-
IIEHUSI COOTBETCTBYIOIIMX 3adad 3aMepsieMble JaH-
Hble He AealoT pas3spaboTKy XOTh CKOJILKO-HUOYIb
0oJiee UHTEIEKTYalbHOM.

OnHako HeraTUBHOE CBOMCTBO HEAOCTATOYHO J10-
CTOBEPHOU WIEHTUMOUIMPYEMOCTU CBOMCTB IjlacTa
IPU UHTEJUIEKTyalU3aluu MMOTEHLIMAIBLHO IIPEO0Io-
JIEBAETCS 3a CYET TTOCTOSTHHOTO MOTOKA JAHHBIX, CO-
JiepXKalrx KOCBEHHBIE CBEAEHUS O TPOIIECCE MHOTO-
¢da3Hoit punbTpaiuu B riacte. [ToaTromy Bompoch!
HEEIMHCTBEHHOCTU U OTCYTCTBUS HETIPEPBIBHOM 3a-
BUCUMOCTHU PEILICHUS 3a0a4u aJaNnTalyu Ipyu HaJIv-
YUY OLIMOOK U3MEPSIEMbIX JAHHBIX HECKOJIBKO OCJia-
OeBaloT.

VYnpapiieHre B 3aMKHYTOM LIMKJE TIPEACTaABISIET
OCOOEHHBII UHTepEC ISl UHTEUIEKTYaIbHbIX CKBa-
KUH U MECTOPOXIECHMI, KOrJa Ha OCHOBE aCCUMU-
JISILUMU JaHHBIX OT pa3HOOOPa3HbIX 3200 HBIX CEH-
COpOB, YIpaBJ€HUE CKBaXWHOUN OCYIIECTBIISIETCS
MOMHTEpBaJIbHO. MO0 COBpeMeHHbIE WHTEIJIEKTY-
aJibHble KOMITOHOBKM CKBaXKMH AOIYCKaIOT yIpaBie-
HUYe KjlallaHaMU Ha 3aboe, peryjaupyst oTbop u3 pas-
JIeJIbHBIX MHTEPBAJIOB 3aKaukKu,/TpuToka. B pe3ynb-
TaTe oOecIeunBaeTcsl MaKCUMU3alUsT YACIbHOM
MPOAYKTUBHOCTU CKBaXXMH BO BPEMEHMU (C y4ETOM UX
B3anMMOBIIMsSIHUA), a 3HaunT u KM H.

IMockonbKy B Poccnyt mpakKTHYeCKH OTCYTCTBYET
KOHTPOJIb 3a pa3paboOTKOif, HAGop 3aMepseMBIX TaH-
HBIX Ha TPOMBICITE B 3HAYNTEIBbHOM CTETIEH! OCTaeT-
cs1 orpaHnyeHHbIM. [loaTOoMy pelaTh 3aga4u UICH-
TU(PUKALIUYA 3a4aCTYI0 OECCMBICICHHO: KpOMe M3Ha-
YaJbHO MMMAaHEHTHO TpUCYIIeil HEeKOPPEKTHOCTH,
pellieHre yKa3aHHBIX 3a1a4 TeM 00Jiee HeolIpeneIeHHO,
YeM MEHBIIIEe 3aMepsIeMbIX Ha IIPOMBICIIC 3HAYCHMIA.

I[TosToMy onpenenecHHBII MHTEPEC NPEaCTaBIsSICT
Habop chenuaInu3upOBaHHBIX TEXHOJOTUI UCCIEN0-
BaHUSI CKBaXXuH M 1uiactoB [10, 11]. 3a cuer KoMm-
IUIEKCUPOBaHUSI TaHHBIX re0(rU3nIeCKOro MOHUTO-
pWHTa M JAaHHBIX OJOOBIYM, CO3MAaHUSI Pa3HOHAIIPAB-
JIEHHBIX MHOTO(ha3HbIX (PMJILTPALIMOHHBIX TEYUSHU B
OKOJIOCKBaXXHHOI1 00/1aCTH, Yepe3 pellieHre o0paT-
HBIX 3aJa4 BO3BMOXHO OIpeae/ieHue CBOMCTB Ij1acTa
He B JJaDOpaTOPHBIX, a B IPOMBICIIOBBIX YCITOBUSIX.
JOIoTHUTEIbHO BO3MOXHO ONpeaeaeHUe ILIOIIal-
HOIl M BepTUKaJbHOM NpoHuaemMocrteil. Ilpemro-
KEHHbIE 1 alIpOOMpPOBaHHbBIC HA IIPAKTUKE ITOIXOIbI
MO3BOJISIIOT IIPEONOJIEBATh MAacCIITAOHBINA (aKTop,
MPUCYLIMIK pe3yJibTaTaM WHTEPIIpETallui JTaHHBIX
JJaOOpaTOPHBIX UCCIICIOBAHUIA.
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BbIBOJbI

PaszpaboTrka MecTOpoKAecHU He(TU U ra3a UMeeT
MPOYHYIO OCHOBY B Buze 3D reonoro-rugpogHaMu-
YEeCKOI0 MOJICJIMPOBaHUs IPOLIECCOB (PMILTpALIVIN.
C y4eTOM ITOCTOSIHHOM aganTUPYEeMOCTH K ITOCTYyIIa-
IOIIIMM 3aMepaM, M3HAYaIbHO HETOCTaTOYHO TOUYHBIE
3D-Monenu moaBepraloTcs Mpolieaype MOATOHKHU K
dakTUUEeCKUM JAaHHBIM, CHUKAS HEOMPEACICHHOCTD
sHaueHi @EC B MeXCKBaXXMUTHHOM NPOCTPAHCTBE.
HayuyHas nocTaHOBKa 3a7a4 peryJupoBaHuUs ITO3BO-
JseT 6e3 OypeHUs HOBBIX CKBAaXXUH OINTUMAaIbHBIM
obOpa3oM paspabaTrbiBaTh MECTOPOKICHUST He(PTU U
raza B O€3JIIOOHOM pexKuMe, TOJbKO Ha ocHoBe 3D
TeOJIOTO-TUAPOINHAMUYECKOM MOJCIIN.

NCTOYHUK ®PMMHAHCUPOBAHUSA

IlpencraBieHHble B CTaTb€ PE3YJbTaThl MOJYYEHBI B
paMKax BBITIOJIHEHUsI rocynapcTBeHHoro 3amanus UITHIT
PAH no teme “CoBepilieHCTBOBaHIE METOIOB MOIEINPO-
BaHUs, JaOOPAaTOPHBIX U MPOMBICIOBBIX HCCIEIOBAaHUMN
IUJISI CO3IaHUST HOBBIX TEXHOJIOTUI 3(p(PEeKTUBHOTO 3KOJIO-
TMYECKU YMCTOTO U3BJIEUEHUS YTJIEBOJOPOIOB B CIOXKHBIX
rOpHO-TeoJiornueckux ycioBusix” (122022800272-4).
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ABOUT SOME PROBLEMS AND SOLUTIONS IN 3D MODELING
OF OIL AND GAS FIELD DEVELOPMENT PROCESSES
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The article discusses the existing problems and original author’s solutions to the problems of 3D computer
modeling of the processes of development of natural hydrocarbon deposits. The transition from laboratory
experiments, 3D geological modeling to the creation of 3D filtration models of the reservoir, their subsequent
adaptation to the actual data of the development history is considered. The use of a refined 3D model to op-
timize the economic performance of the operation of the developed field is discussed. In fact, the approach
to the unpopulated management of oil and gas field development using a constantly adapting 3D model of
the reservoir is justified.

Keywords: three-dimensional hydrodynamic modeling, development of oil and gas fields, inverse problem,
regulation (optimization) of development, exploration of wells and reservoirs, management of development
in a closed cycle
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