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AHHOTAIUA

JlaHHasi cTaThs MOCBSIIEHA AHAJIU3Y NIEPEIOBBIX TEXHOJIOTHI B 00JIACTH CEHCMUYECKON
pa3BE/IKU, HANpPABIECHHBIX Ha IOBBIIIEHWE TOYHOCTH U 3(PQPEKTUBHOCTH MOUCKOB U
pa3BeKU YIJIEBOJOPOIHOIO ChIpbs, a TaKKe reopU3MUEeCcKUX UccienoBaHui Henp. B
YCIOBUSIX YCIIOKHEHHS 3aJad 1O OOHapyXEHUIO TPYAHOU3BIEKAEMbIX 3allacoB U
CHIDKEHUIO PHUCKOB NIpU OYpEeHHH, CEWCMUYECKHME METOJbl OCTAIOTCS KIIOUEBBIM
MHCTPYMEHTOM JUIsl U3y4Y€HUs [IIyOMHHOro crpoeHuss 3emud. B pabore
paccMaTpuBalOTCS WHHOBAIIMM B CEHCMUYECKOM O0OpPYAOBAHMHU (ILIMPOKOIIOJIOCHBIE
UCTOYHUKA W TPUEMHHMKH), METOAAaX cOopa JaHHBIX (MHOTOKOMIIOHEHTHas
ceiicMopa3Be/ika, HENPEPbIBHbIII MOHUTOPHUHT), a TAK)KE€ B TEXHOJIOTUSIX 00OpabOTKU U
MHTEPIPETALUN CEMCMUYECKUX JIaHHBIX (MalIMHHOE OOy4YeHHE, IOJIHOBOJHOBAS
MHBepcHUsA, 00JlayHble BhIUMCIEHUs). OOCYyX Aar0TCsd MPEMMYIIECTBA, KOTOPbIE 3TU
TEXHOJIOTMM  TPUHOCHT, BKJIIOYAas  YJy4dlIEHHWE  Pa3pelieHHs]  CEeMCMHYECKUX
M300paKeHH, MOBBIIIEHUE JOCTOBEPHOCTH I'€OJIOTMUECKUX MOJENEH U COKpallleHUE
BPEMEHHU Ha MPOBEJIEHUE Ucciea0BaHUi. OJHOBPEMEHHO aHATU3UPYIOTCSA MPOOIIEMBI,
TaKHe KaK BbICOKasi CTOMMOCTh BHEAPEHHUSI, HEOOXOAMMOCTbh 00pabOTKH KOJIOCCATBbHBIX
00BEMOB JJaHHBIX U TPeOOBaHUS K BHICOKOKBATH(UIIUPOBAHHOMY TiepcoHany. CtaThs
MOJYEPKUBACT KPUTUYECKYIO pOJIb JaHHBIX MHHOBAlMi Il oOecrieueHus
AHEPTreTUYECKON OE30MaCHOCTH U YCTOMUMBOTO PA3BUTHS OTPACIIH.

KiroueBbie ciaoBa: Ceiicmuueckass pa3Beika, Treo(u3uKa, YIrieBOJOPOJIbI,
celicMMYecKHUe JaHHBbIE, 00padoTKa JaHHBIX, MAIIMHHOE OOyYeHHE, TOJHOBOJHOBAS
WHBEPCHS, ITHPOKOIIOJIOCHAS celicMuKa, MOHHUTOPUHT MECTOPOKICHHH,
3 PEKTUBHOCTS.

1. BBeaenue

CelicMuyeckass pa3Belnka sBIsieTcsl  (yHIAMEHTalIbHBIM  METOJAOM  M3y4YCHUS
IIyOMHHOTO CTPOEHMSI 3€MJIM U WrpaeT PElIAIoNIyl0 POJb B IMOUCKE U Pa3BEAKe
MECTOPOKACHHUHN YTIIEBOJOPOAOB, T€OTEPMAIBHBIX PECYPCOB, a TAKXKE TPU UHKEHEPHO-
re0JIOTMYECKUX U3bICKAHUSIX.



B ycinoBusix HCTOIIEHHS JIETKOJOCTYNHBIX 3alacoB TPAJULUOHHBIX PECYPCOB U
nepexona K pa3paboTke Oojee CIOXKHBIX M TPYAHOU3BIEKAEMBIX MECTOPOXKICHUMN
(rmyOokoBOIHBIE, MIENb(OBBIE, CIaHIEBbIE (opMalUi), TPeOOBaHUSA K TOYHOCTU H
JETAIbHOCTH CEHCMUYECKHUX MCCIIEIOBAHUN MOCTOSHHO Bo3pacTaroT. HeoOxonumocThb
CHIDKEHUS PUCKOB TMpU OypeHUH W ONTHMH3AIMHM 3aTpaT CTHUMYJIHPYET aKTUBHOE
Pa3BUTHE HOBBIX TEXHOJIOTMI B 00JIACTH CEIICMUYECKOUN pa3BEIKU.

CoBpeMeHHbIE MHHOBAIIMM OXBATHIBAIOT BCE ATallbl CEHCMUYECKOTO Ipoliecca: OT
HMCTOYHUKOB M IPUEMHHMKOB CUTHAJIA JI0 METOJIOB cOOpa, 00pabOTKH U MHTEPIIPETAIINH
JAQHHBIX. OTH JIOCTIDKCHHS HalpaBlieHbl Ha TMoJiydeHue Oojiee KaueCTBEHHBIX
M300paXEeHU HEeJp, TMOBBIIMICHHE JIOCTOBEPHOCTH TEOJIOTMYECKUX MOJCIEeH W
COKpaIlleHHe BPEMEHHU Ha BBITIOJIHEHHUE pa0oT. L{enpio maHHOW cTaThH SABISETCS 0030p
KJIFOYEBBIX HOBBIX TEXHOJOTMM B CEHCMUYECKOM pa3BElIKe, aHAIU3 HMX BKJIaJa B
yIIydIlieHUEe TOYHOCTU U 3(P(HEKTUBHOCTH, a TAKKe 00CYKIEHNE OCHOBHBIX MPOOIEM, C
KOTOPBIMH CTAJIKUBAETCS OTPACib IPU UX BHEAPCHUHU.

2. HoBble TEXHOJIOTMH B cﬁope celiCMHYeCKHUX JAaHHBbIX

O PexTUBHOCTH CEHCMUYECKON pa3BeIKM HAUNHAETCS C KaueCcTBa COOPaHHbIX MOJIEBBIX
naHHbIX. HOBBIE TEXHOJIOTMM B 3TOM OOJIACTH 3HAYUTENBHO YJIYYIIAIOT MOJy4aeMbli
CUTHAJL

2.1. lInpokonoJiocHbIe HCTOYHUKHU U PHEMHUKH

IInpokonoiocHbIe HCTOYHUKH: B 0TIIHYME OT TpaJUIIUOHHBIX, KOTOPBIC TECHEPUPYIOT
CHTHAI B y3KOM YAaCTOTHOM JHala3oHe, HOBBIE IMHPOKOMOJIOCHBIE HMCTOYHHKH
(HampuMep, BHOpATOPHI C PACIIUPEHHBIM CIIEKTPOM MM yCOBEPIICHCTBOBAHHBIC
THEBMATUYECKHE WUCTOYHUKH) MO3BOJIAIOT MOJIyYaTh CEHCMHUYECKHE JaHHBIEC ¢ Ooiee
IIMPOKMM YaCTOTHBIM JHAla30HOM. JTO O0OECHeuMBacT Jy4Iee paspelieHrne Kak
rIyOOKHX, TaK M MEIKHX T€OJIOTHYECKMX CTPYKTYp, YAydilas IeTalbHOCTh
N300paKEHUS M CHIDKAsT HEOPEICICHHOCTb.

BeckabGejibHble W MHOTOKOMIIOHEHTHbIE  TPHeMHHKH: PacmpocTpaHeHue
OeckabeJbHBIX CHCTeM cOopa JaHHBIX (NOJES) 3HAYMTETBHO YHPOINACT MOJICBBIC
paboThI, CHMXAET JIOTMCTUYECKHUE 3aTparThl M IO3BOJIAET pa3Mellarh MPHUEMHUKH
ropasio IUIOTHEE, YBEJIMYMBas ILJIOTHOCTh HaOMoAcHUH. MHOrOKOMIIOHEHTHAasI
ceiicmopa3sBenka (3C, 4C), ucnosb3yiolias MPUEMHUKH, CITIOCOOHBIC PETUCTPUPOBATH
HE TOJBKO BEPTUKAIBHYIO, HO M TOPU30HTAIBHBIC KOMIIOHEHTHI CEHCMUYEeCKHX BOJTH (P-
U S-BOJIHBI), IPEIOCTABIISIET JOMOJHUTEILHYIO HH(OOPMAIUIO O JIUTOIOTHH, (IIFOHTHOM
HACBHIIIEHUH W TPEIIMHOBATOCTH ILIACTOB, YTO KPUTHUECKU BaKHO I OoJiee TOYHOI
XapaKTEPUCTHKH KOJICKTOPOB.

2.2. HenpepbIBHbBII celicMUYeCKU MOHUTOPHUHT

BHenpenue cucteM HempepbIBHOTO MOHMTOPHMHTAa (HAapUMeEp, ¢ HCIOJIb30BAHUEM
ONnTOBOJOKOHHBIX Kabeneir — DAS, Distributed Acoustic Sensing) mo3Bosser
OTCJIC)KUBATh U3MEHEHUS B HEJIpax B PEabHOM BPeMEHH. ITO OCOOCHHO BAYKHO JIJIS:
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MoHnnTopuHra pa3padoTKu MecToposKAeHuit: OTCle)KMBaHNE ABM)KEHUS (IIIOUI0B B
miactax, 3G (GpeKTUBHOCTH 3aKauyKU BOJABI MM T'a3a, OL[EHKA OCTaTOYHBIX 3aMacoB.
I'eomexannyeckoro MOHMTOPUHIra: KOHTPOJb 3a W3MEHEHMSIMH HaIPSIKEHHO-
1e(hOpPMHUPOBAHHOTO COCTOSHUS TOPHBIX TIOPOJI, UTO BAXKHO IS O€30ITACHOCTH OypeHus
1 JOOBIYN.

N3ydyeHuss MUKpPOCEHCMHUYECKON AKTHBHOCTH: BpIsIBICHNE M aHAIN3 TEXHOICHHON
WJIY IPUPOTHON CEUCMUYHOCTH.

3. UnHOoBanum B 00padoTKe M HHTEPNPETAIMU CeiiCMUYEeCKUX JAHHBIX

CoBpeMEHHbIE BBIYUCINUTEIbHBIE MOIIHOCTH U PAa3BUTHE AJITOPUTMOB IIpeoOpa3oBasin
METO/1bI 00PAa0OTKHU M UHTEPIIPETAIIMN CEICMUYECKUX JTaHHBIX.

3.1. MoanoBoanoBasi uaBepcus (FWI - Full Waveform Inversion)

FWI — »3T0 mnepenoBoii MeETOJ, KOTOPBIM MCHOJB3YeT BCHO HH(POpMAIHIO,
COJIepKAallyIOCs B CEMCMHYECKOM BOJTHOBOM 3amKCH (aMILTUTY 1y, a3y v 4acToTy), IJis
ITIOCTPOECHUS BBICOKOTOUYHBIX MOJENEN CKOPOCTEW CEMCMHMYECKMX BOJIH B Henpax. B
OTJIMYME OT TPAJAULMOHHBIX MEeTOA0B, FWI yunThIBaeT ClI0KHbBIE BOJHOBBIE SIBJICHUS,
TaKMe KaK MHOTOKpPATHBIE OTPaXEHUS U MPEJOMIICHHS, YTO NPHUBOJUT K CO3JAHUIO
3HAYUTEJIbHO (oJiee 1eTAJIbHbIX M TOYHBIX re0JIOTHYeCKUX Mo/ieJieil. 9T0 0COOECHHO
BAJKHO JUUIS IOMCKA YIJIEBOJOPOAOB B CIIOXKHBIX T€OJOTUYECKUX YCIOBHSX, HAIIPUMED,
M0J1 COJIIHBIMM KYITIOJIaMU WJIM 0a3aIbTOBBIMU CIIOSIMH.

3.2. MammnHHoe 00y4eHune U UCKyccTBeHHbIH nHTe/Lu1ekT (UN)

[Ipumenenune anroputMoB MAIIMHHOrO o00ydyenuss (MQO) U HMCKYCCTBEHHOIO
uHTesiekta  (UM)  peBONIOIMOHM3UPYET  CEHCMHUYECKyl0  o0OpaboOTKy U
MHTEPIPETALHNIO:

ABTomMaTnueckasi (azoBasi koppeasuusa: MU crnocoben ObicTpee U TOUHEE
BBINIOJIHATh PYTHUHHBIE, HO TPYAOEMKHE 3aJauM, Takue Kak (a3zoBas Koppemsius,
yiydlas KaYeCTBO UCXOHBIX JaHHBIX.

Pacno3naBanue oopa3zoB: MO 3b(eKkTUBHO HCMONB3YETCS JJIsi aBTOMATHYECKOTO
BBIJICJICHUS M€0JIOTHYECKUX TOPU30HTOB, PA3JIOMOB, COJISIHBIX TEI U IPYTUX CTPYKTYP
Ha CEHCMUYECKUX U300pAKEHUSX.

IpenukTuBHas aHaauTuka: MM MoxeT nporHo3upoBaTh CBOMCTBA IIJIACTOB
(MOpUCTOCTh, MPOHHUIIAEMOCTh, (DIIOMIHOEC HACHIIMICHHWE) HAa OCHOBE CEHCMHYECKUX
JAHHBIX, CHMKasi HEOMPEAEIEHHOCTh U MOBBIIIAsl JOCTOBEPHOCTh OLIEHKH 3aI1aCOB.
Onrummn3anusa napaMerpoB o0padoTku: AnroputMbl MO MOryT aBTOMAaTHYECKH
noaOupaTh ONTHUMAJIbHBIC TMapaMeTpbl JUIsl Pa3IMYHBIX ATamoB  00pabOTKU
CEHCMHUYECKUX JAaHHBIX, YTO IKOHOMHUT BPEMSI U PECYPCHI.

3.3. O61auHbIe BLIYMCIEHHS U BLICOKONIPOU3BOAUTENbHbIE BhIuncaenus (HPC)

O6padotka u FWI-unBepcusi ceiicMUYeCKHMX JaHHBIX TPEeOYIOT KOJOCCAIbHBIX
BBIYHUCIIUTEIBHBIX PECYPCOB.
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O0s1auHble BBIYMCJICHUS] TPEJOCTABISIIOT TMOKMH W MacluTaOMpyeMblil JAOCTyN K
HPC-momHOCTAM 6€3 He0OXOAMMOCTH HHBECTUPOBATH B COOCTBEHHOE JOPOTOCTOSIIIIEE
o0opynoBaHue. DTO MO3BOJSET KOMIIAHUSM ObICTpO 00padaThIiBaTh OOJNBIINE OOBEMBI
JAHHBIX ¥ BBIMOJIHITH CII0)KHBIE MHBEPCHOHHBIE PACUYEThl, 3HAUUTEIHFHO YCKOPSS UK
pa3BenKHu.

3.4. UnTerpanusi JaHHbIX U BU3YyaAJIN3aLHA

Pa3BuTne KOMIUIEKCHBIX TPOTPAMMHBIX IJIaT(GOpPM TO3BOJSET HHTETPUPOBATH
ceiicMHuUecKUe JaHHbIE C JPYTUMH T€0JIOro-reo(U3nuecKUMU JaHHBIMU (JaHHbBIC
oypenns, 'MC, mnerpodwusuka), co3naBas eAHHbIC, TPEXMEPHBIE T'C€OJOTUYECKHUE
mozenu. CoOBpeMEHHBIE WHCTPYMEHTHl BH3YaJM3aUMH TO3BOJIAIOT TeoJiorTaM |
reo(u3rKaM HHTEPAKTUBHO MCCIENOBATh HENPa, BBISIBISATH AHOMAIMHM W MPUHUMATh
000CHOBaHHBIE PELICHUS.

4. llpenmyuiecTBa U MP00.JIeMbI BHeIPeHUS
4.1. JlocTH:KeHUSs M TIpeuMyIIecTBa:

Yiay4dmienue paspeumieHuss ¥ JeTajdbHOcTH: HoOBBIE TEXHOJIOTMUM O0ECIEUMBAIOT
ropa3fo Oosiee 4YeTKHME U JI€TAIU3UPOBAHHBIE H300paKEHUS HEIpP, UTO IIO3BOJISET
BBISIBIIATH paHEE HEBUUMBIE CTPYKTYPbhI U MEIKUE KOJUIEKTOPHI.

IloBbIlIeHHE JOCTOBEPHOCTH TIe0JOrHYeCKHX Mopeseil: KomrulekcHbI aHamu3
JAHHBIX ¥ MPOABUHYTHIE METO/bl MHBEPCUHU CHIKAIOT HEOIPEAEIICHHOCTh B OLICHKE
re0JIOTMYECKUX PUCKOB.

Cokpamenue Bpemend u 3atrpar: OnTtuMu3anus MOJEBbIX padOT, YCKOpEHHUE
00pabOTKM JAaHHBIX U CHUKCHHE PUCKOB MpU OypeHUH MPHUBOIAT K 3HAYUTEIHHOM
HSKOHOMUU BPEMEHU U CPEJCTB B JOJITOCPOYHON MEPCIIEKTUBE.

MuHuMu3anus BO3AEHCTBUS Ha OKPYKaKIIYI0 cpeny: beckaOenbHble CHCTEMBI U
6osiee r3(ppekTUBHBIE METOBI COOpa TaHHBIX MO3BOJIIIOT CHU3UTh IKOJOTUUECKUHN CIIe
CEeUCMUYECKUX PadoT.

MoHMTOPUHT B peajibHOM BpeMeHHM: BO3MOXXHOCTh HENPEPHIBHOIO OTCIIEKUBAHUS
M3MEHEHUH Ha MECTOPOXKICHUX MOBBIMAET 3 (HEKTUBHOCTH JOOBIUN.

4.2. IIpo6JieMbl BHEPEHUSI:

Bbicokue mnepBoHauya/ibHble WHBecTUNUM: [IpuoOpereHre M BHEIpPEHHUE HOBOTO
o0opyZOoBaHUST W MPOTpaMMHOTO  oOecriedeHus:  TpeOdyeT  3HAYUTEIbHBIX
KaIlMTaJIOBJIOKCHUIM.

Oopadorka "0oabmux gAaHHbIX'": KomoccanbHBIE 00BEM M CIIOKHOCTH JaHHBIX
TpeOYIOT MOIIHBIX BBIYUCIUTEIBHBIX PECYPCOB U CIIEIUATU3UPOBAHHBIX aJITOPUTMOB,
YTO CO3/IaE€T TEXHUYECKHE CI0KHOCTH.

Heo0xoaumocTh BHICOKOKBAJIN(PUIMPOBAHHOTO MepcoHasa: /[ paOboThl ¢ HOBBIMHU
TEXHOJIOTUSMHU TPEOYIOTCS CIHEHHAIMCTBI ¢ TJIYOOKMMHU 3HAHUSIMH B 00JacTH
reou3uK, TMPOrPAaMMHUPOBAHHUS, MAIIMHHOTO OOy4YeHUS U aHalIu3a JaHHBIX.
CymiectByeT eUIUT TaKUX KaJIpoB.



Cioxnocts wuHTerpanuu: lHTerpanuss HOBBIX CHUCTEM C  CYIIECTBYIOLIEH
UHQPACTPYKTYPOH U pabOUYNMHU MPOLECCAMH MOXKET OBITh CJIOXKHOU U PECYPCOEMKOIA.
JBOJIIOLMSA PeryJATOpHOl 0a3bl: beicTpoe pa3BUTHE TEXHOJIOTMH ONEpeKaeT
CO3JJaHUE COOTBETCTBYIOLIEH HOPMATUBHO-NIPABOBOM 0a3bl Uil HMX BHEAPECHHS U
UCIIOJIb30BaHUS.

5. 3akaouenue

HoBble TexHONOrMM B O0JACTH CEHCMHMYECKOW pa3BeIKU KapAWHAIBHO MEHSIOT
MOIXOJAbl K W3YYCHHIO HeIp, IMpenajaras OecHpeneeHTHbIE BO3MOXHOCTH st
MOBBIIICHUSI TOYHOCTH U I(P(PEKTUBHOCTH  TMOUCKOBO-PA3BEIOYHBIX  PadoOT.
HlupokomnonocHast ceicMHKa, MHOTOKOMIIOHEHTHBIE CHCTEMBI, MOJHOBOJIHOBAS
MHBEpCHsI, MalIMHHOE OO0y4deHHe M OOJauHble BBIYHCICHUS o0ecredynBaroT Oolee
JeTajbHOe M JOCTOBEPHOE MOHUMAHHUE TE0JIOTMYECKOTO CTPOEHUS, YTO SBISIETCS
KPUTHUYECKH Ba)KHBIM JJISl YCHEIIHOIO OOHAapyKEHUs U pa3pabOTKU MECTOPOXKICHUHN
YTJIEBOIOPO/IOB.

HecMoTpst Ha 3HAauuTENbHBIE BBI3OBBL, CBSI3aHHBIE C BBICOKMMH 3aTPaTaMH,
HEO0OXOAMMOCTBIO O00paOOTKH KOJOCCAJIBHBIX OOBEMOB JaHHBIX M TPEOOBAHUSAMHU K
KBaJIM(PUKALIMK [IE€PCOHAIA, THBECTULIMU B 3T MHHOBALIMK onpaBAaHbl. OHU HE TOJIBKO
MOBBIIIAIOT KOHKYPEHTOCIIOCOOHOCTh KOMIIAHWK, HO U CIOCOOCTBYIOT —Ooliee
palMOHAIIBHOMY MCIOJIb30BaHUIO TPUPOAHBIX PECYPCOB U CHUKEHHUIO 3KOJIOTHYECKOTO
BO3A€UCTBUS. J[aJIbHENIIINE MCCIENOBAHNAS U aKTMBHOE BHEIPEHHE JTHUX IEPEIOBBIX
TEXHOJOIMM OyayT ompeaensats Oyayiiee CeHCMUYECKOW pa3Benkd, obOecreunBast
HSHEPreTUUECKYI0 0€3011aCHOCTh M YCTOMYMBOE PA3BUTHE B MOCTOSHHO MEHSIOLEMCS
MHpE.
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