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rMaPOTEPMOANHAMUYECKOE U TEOMEXAHUYECKOE MOAE/TIMPOBAHUE NMPOLECCOB
B HACbILLEHHbIX TEOCPEAAX

OpurnHanbHaA cTaTbA
YK 622.276
https://doi.org/10.29222/ipng.2078-5712.2025.07

FeocTaTucTUUECKM COrnacoBaHHaA agantauua
rMapoanHaMmmMuyecKkoi moaenm c npUMeHeHUEeM KOMMepPUYeCKoro
cumynaTopa

E.O. Enuctparosa’ <, U.M. UHgpynckmii?

1 —PrY HedTn 1 raza (HUY) umenun U.M. F'ybkunHa, Poccus, 119991, Mocksa, J/IeHUHCKUIA Np-T, 4. 65,
Kopn. 1

2 — UHcTutyT npobnem HedTn 1 rasa PAH, Poccun, 119333, Mocksa, yAa. 'ybKkuHa, 4. 3

AHHOTaumMA. AKmyasnsHocmb. PaccmaTpuBaeTcA  BO3MOXHOCTb M OCOBEHHOCTM  peanusaunu
reocTaTUCTUYECKM COMNAaCoBaHHOM adanTauum rmapoamHaMmyYecknx mogenen yrneBoa0poaHoro naacra
K WUCTOPUKW pPa3paboTKM MECTOPOXKAEHWIMA C MPUMEHEHMEM TMNaKeTa reo/0ro-rmapoauHaMmMyYeckoro
MmoaenmpoBaHusa. [laHHbli nogxon obecneynBaeT coxpaHeHUE NPUHLMUMNOB NOCTPOEHUA Fe010rMYeCcKoM
MoJenun B npolecce pelieHna obpaTHOM 3a4auun. B Lenax cpaBHeHMA MCMONb30BaHa paHee U3BECTHaA
TEecToBaA Mofe/b C peanmsaumein aHa/NIOTMYHOro NOAXOoAa Ha OCHOBE aBTOPCKUX anroputmos. Lless
pabomesi. AHanu3 ocobeHHOCTEN W OrpaHWYeHUId peanmsaumm reocTaTUCTUYECKM COF/TaCOBAHHOM
aBTOMaTM3MpPOBAHHON aganTaumm 3D-mogenn c  NPUMEHEHMEM KOMMEPYECKOro CUMMYyAATopa.
Mamepuanel u memoOsi. CuHTeTU4Yeckaa 3D-mopenb HEOAHOPOAHOro naacTa, rMAPOAMHAMUYECKUI
CUMYNATOP CO BCTPOEHHbIMM CpeacTBaMM aBTOMAaTU3aumm M aBToaganTtaumm tNavigator, metogpl
reocTaTUCTUKKU. Pe3ysabmamel. Ha npumepe CUHTETUYECKON MOAENMN 3N1eMeHTa NATUTOYEYHOM CUCTEMBI
3aBOAHEHMA peanns3oBaHa npoueaypa aBTOMATU3MPOBAHHOW FeOCTaTUCTUYECKM COracoBaHHOM
ajantaummn rmgpoavHammdeckon mogenu B nakete tNavigator. MpoaHannsnpoBaHbl NOrPeLHOCTU
BOCCTAHOB/IEHMA NAPAMETPOB CUHTETUYECKON MOLENN B 3aBUCUMOCTM OT AOCTUNXMMOrO MUHUMANBHOIO
3HauYeHuA ueneBol OGYHKUMKM (norpeliHocTelt M3MepeHuit) n Bblbopa HavyaNbHOrO MNPUBAMMKEHMUA.
Bbigoobi. [MMpouenypa reocTaTUCTMYECKM COracoBaHHOM aganTauun  3D-mozenn  MoxKeT  ObiTb
peann3oBaHa C MNPUMEHEHMEM CPeACTB  aBTOMATM3aUUM  COBPEMEHHbIX MAPOANHAMUYECKUX
CUMyNATOPOB. 1A NPUMEHEHUs Ha peasibHblX 06BEKTaX BCTPOEHHbIE afropuMTMbl aBTOAAANTaLUKU He
obecneynBaloT fOCTaTOYHOMN 3pPeKTUBHOCTM 63 Nepexosa K NPOKCU-MOAENAM.

KnioueBble cnoBa: aBTOMaTU3MpOBaHHaA agantauus UcTopuu paspaboTku, obpaTHas 3agaua,
reocTaTUCTMYECKM COrNacoBaHHasA ajanTauusa, reoctaTUCTMKa, Bapuorpamma, rmapoavHamuyeckuii
CUMYAATOP

®uHaHcMpoBaHMe: paboTa BbINOJHEHA B pPamKax rocygapctBeHHoro 3agaHua WMHE PAH (tema
Ne 125020501405-1).
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© Enuctpatosa E.O., MHapynckuit .M., 2025

@' B¢ KoHTeHT goctyneH nog nnueHsmen Creative Commons Attribution 4.0 License.


https://doi.org/10.29222/ipng.2078-5712.2025.07

AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025

http://oilgasjournal.ru

Ana uutmpoBaHua: Eaucmpamosa E.O., UHOpynckuli W.M. TeocTaTUCTMYECKM COrnacoBaHHan
afjanTauma rmapoanMHaMMYeckoit Modenu ¢ NpMMeHeHeM KOMMEPYECKOro cumynaTopa // AKTyanbHble
npobaembl HedpTH 1 rasa. 2025. T. 16, Ne 1. C. 3-23. https://doi.org/10.29222/ipng.2078-5712.2025.07

BeepeHue

B pabote paccmarpuBaroTcs Bonpocs 3D
Te0JIOTO-THIPOANHAMUYECKOTO MOAETHUPOBAHS
pa3paboTKH MECTOPOKACHUH YTIEBOAOPOIOB.

Pemienue npsMoit 3a1auu ¢ IpUMEHEHUEM
3D-Monenu MHO3BOJIAET ONPEACIUTh TUHAMUKHU
noObrun  HedTH, Taza, BOABI M3 3AJIEKH,
JaBiecHUd B IJJacCT€ M Ha CKBaXUHAX MpHU
3alaHHBIX TIapaMeTpax IUlacTa ¥ pekuMax
JKCIUTyaTallMu cKBaxkuH. IIpu HemocTaTouyHOI
CTEMEHW aJIeKBaTHOCTH TOCTpoeHHOU 3D-
MOJIEIH (hakTHIeCcKuM JTAHHBIM 3a
MIPEIIIECTBYIOIIHN TIEPUOJT pa3paboTKu
BO3HUKAET MOTPEOHOCTh B €€ ajanTaluu, TO
eCTh B pelIieHnu oOpaTHO# 3amaun. B xome
pemieHuss OoOpaTHOW  3agadyd  Ha  OCHOBE
PE3YIbTATOB BBIYHUCIIMTCIBHBIX 3KCIICPUMCEHTOB
U JaHHBIX O pe€ajlbHOM IIOBECACHUU O6’beKTa
OTIPEACTISAIOTCS HEAOCTAIOIINE WM HETOYHO
W3BECTHBIC TapaMeTpbl WU (yHKIMOHAIBHBIC
COOTHOLIEHMs. OJTOT TPOLECC Ha3bIBaeTCs
uaeHTH(GUKAIIEH MOJIEIH.

Ecim wmonmens mpu  peTpOCTIEKTUBHOM
pacuere BOCTIPOHM3BOJIUT PEATBHYI0 HCTOPHIO
SKCIUTyaTallil CKBXHWH, TO €€ WCIONb3YIOT
JUIE TIPOTHO3MPOBAaHUS M OMpPOOOBaHUS Mep,
HanpaBJICHHBIX Ha MOBBIIIEHUE d(H(HEKTHUBHOCTH
pa3paboTku MECTOPOKICHHUS. Onnako
IpU aJanTallud MOJENIH BaXKHO TaKXke He
HapyImaTh 3aJ0KEHHBIC B HEE TEOJOTHIECKUE
MPEACTABICHUS O CTPOCHHM  3aJ€XU U
pacrmpenencHur CBOMCTB ILUIACTa, pealli3yeMble
Ha OJTame TEeoJIOTMYECKOTO MOJIEIUPOBAHUS
C IPUMEHEHUEM METOJIOB T€0CTATUCTHUKHU.

K wnHacrosmieMy BpeMeHH pa3paboTaHO
3HAYUTETFHOE YHCJIO PAa3IMYHBIX METOJIOB

peHICHUA 06paTHBIX 3aJa4, OTINYaromMXCs

BBIOOpOM KpUTepus u uaeHTHGHUIH-
pyembix mapamerpoB [1-3], mpumensemoit
perymsapuzanmeit  [2—4], cmocobom  yuera
HEONpEeNEeICHHOCTU JaHHBIX [2, 3], HUCHOIb-
3yeMBIMH aITOPUTMAMH ONITUMU3AIu [3, 5, 6],
OCOOCHHOCTSIMH ~ TIPAKTHUYECKOW  pean3aliu
u s¢dexrtusHocteio [3, 7, 8]. IlompoOHOMY
PacCMOTPEHHUIO  MPOOJIEMbl  TIOCBAIICH  PsJT
(yHIaMEHTaTBHBIX 0030pHBIX PabOT, BKIIOUAs
(1,6, 8].

B nanHOM cTathe paccMaTpUBAETCS OIHO
W3 HaNpaBICHHU — T€0JIOTUYECKH (T€0CTaTUCTH-
YEeCKH) COTJIaCOBAHHBIA TOAXOJ K aBTOMAaTH3H-
POBaHHOMY pEIICHUIO 3aJay HIACHTHU(QHUKALNH.
I'eocTarucTudeckn corjacoBaHHasl TMOCTaHOBKA
3a1a4n ajianTanun THIIPOANHAMUYECKOH
Mojenu  Oblla  TpeuiokeHa B paboTax
0O.B. JIrwo6umoBoii, 3.C. 3akupoBa u ap. [9].
B oramume 0T TpPaAWIMOHHBIX IOAXOJIOB,
Npd TakoW aJanTaluil KOPPEKTHPYIOTCS He
WHAWBHUIyalIbHBIC 3HAYeHHS (QIIBTPAIlMOHHO-
eMkocTHbIX cBoicTB (DEC) mo sueiikam ceTku
WIA 30HaM 3alle)kKd, a HWCXOJHBIE TMapaMeTphl
Te0CTAaTHCTUYECKOH MOJIENN TUTacTa. ITO MOTYT
OBITh KakK IMapaMeTpbl aHU30TPOITHBIX T'€OCTaTH-
CTHYECKHX ToNiel, Tak u KO3()UIMEeHTHI
WCTIONB3YEMBIX TMETPOU3NIECKUX 3aBHCHMO-
cTeil ¢ yaeroM (harmabHOM MOJICIH.

OCHOBHBIM TIPEUMYIIECTBOM T'€OCTATH-
CTHYECKH COTJIACOBAHHOTO TOJXOAA SIBISETCS
BO3MOXKHOCTb COXpaHEHUs JIOCTOBEPHBIX
«CTaTUYECKUX» NaHHbIX 0 pacmnpeneneHuu GEC
IiacTa BJOJb CTBOJIOB CKBaXHH, a TaKXKe
COOIII0IeHN e IPUHIIMIIOB ITIOCTPOSHHS UCXOIHON
3D reoJIOTMYECKON MOJEIIN JUISL
pacmpoctpanenuss PEC Ha MeEXCKBaXXHHHOE

IIPOCTPAHCTBO.
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Kpome TOrO, reoCTaTUCTUYECKU
COTJIACOBAaHHBIM  METOA B ONPEACIICHHOM
CMBICIIE perysipu3upyeTr oOpaTHyIO 3ajady,
CHIDKas pa3MepHOCTb MIPOCTPaHCTBA
MapaMeTpoB, KOHTPOIUPYIOIUX paclpereieHne
OEC B Momemu. Tem cambiM yIy4IIarOTCs
cBoiicTBa  oOpaTHOW  3amayMl  ajgamnTaIldu
mpu ee pemieHnH B 0OmEedl MOCTaHOBKe,
Bimovatoreir momumo DPEC  w  gpyrme
UACHTU(OUIINPYEMbIE BEIWYHHBL: IapaMeTphI
KPUBBIX OTHOCHTENBHBIX ()a30BBIX TPOHU-
LAEMOCTEH M 3aBUCUMOCTEH Ul CBOMCTB
¢Gnrona0B, CKUH-(GAKTOPBl CKBaKWH, YCIOBHUS
MHHULMAIM3AIIA MOJIENT (HadalbHbIE YCIOBUS)
u ap.

B pabore [9] mia addexTuBHOM
peanu3alnuu reoCTaTUCTUYECKU COrTIACOBAHHOIO
MOAXOAAa K PELICHUI0 3aJad  ajanTaiuu
THUIPOJUHAMUYECKOW MOJIEIM  HCIIOJIb30BaHbBI
METOABI TJIAJKOH ONTUMHU3AIMKA B KOMOHMHAIMH
c MeToJaMu TEOpUHU ONTUMAJIBHOTO
yIpaBieHus (COMpPsHKEHHBI METOA) B paMKax
Pa3BUTHSL aBTOPCKOrO HEKOMMEPYECKOT0
MaKeTa TUAPOJAMHAMUYECKOIO MOACIUPOBAHUS
(cumynsitopa)  UIIHIT  PAH  SimMatch.
OOpatHOii  CTOPOHOW  TakOW  peanu3aluu
SIBJISIETCSI CJIOKHOCTh ONEPATHUBHOTO BHEIPEHUS
B MIPaKTHKY n3-3a HEBO3MOKHOCTH
WCIIOJIb30BaHMUsl IIMPOKO  PacIpOCTPaHEHHBIX
KOMMEPUYECKUX CUMYJIISITOPOB.

Llenbto paboOTHI SBISIETCS HCCIEIOBAHNE
BO3MOXXHOCTH M OCOOEHHOCTEH peanm3aiuu
Te€0CTaTUCTUYECKH COTJIACOBAHHOM aBTOMATH-
3UPOBAHHOMN ajanTamnuu 3D-momenu
C TNPUMEHEHHEM KOMMEPYECKOTO CHMYJISITOpA
Ha puMepe WCTIONTb30BaHMS rakera
Te0JIOTO-THAPOANHAMUYECKOTO MOAETHPOBAHHS

tNavigator!.

! rtHasurarop 22.2. Cumynsrop. Texnuueckoe
pykoBoacTBo. Pox ®noy Junamukce, 2022. 3621 c.

Matepuanbl u metoabl

Cunretnyeckas  3D-mMoiens  HEOJHO-
POITHOTO macTa, TUIPOIUHAMHYCCKUI
CUMYJISITOP CO  BCTPOCHHBIMH  CpPEICTBAMH
aBTOMAaTH3allMM W aBToamantaiuu tNavigator,

METOABI I'€COCTATHCTHKMU.

Pe3ynbTathl U 06CyXKaEHMUE
dopmynupoeka 3adavu udeHmugpuKayuu
Jlng  mocTpoeHus TUAPOJMHAMUYECKOU
MOJIETH 3aJISKH YTIIEBOJAOPOAOB HCIIONB3YIOTCS
reojloTHdeckne  (CTaTHYeCKHe) HaHHbIE |
HaKOIIJICHHBIC B

JTaHHBIE, npoiiecce

JKCIUTyaTallid  CKBAXHMH  (IWHAMUYECKUE).
CraTryeckue JaHHbIE, IOJTYYCHHBIE 110 KEPHY H
13 TeoU3NUECKUX UCCIIECIOBAHUH, ONMPENeNsioT
(UITBTPAIIIOHHO-EMKOCTHBIE CBOWCTBA IDIacTa
(mOpHUCTOCTh, TPOHUIIAEMOCTH) BAONH CTBOJOB
CKB&KHWH W WCIIONB3YIOTCSA B pacueTax MOZEIH.
Jmst yuera nIWHAMHYECKHWX JAaHHBIX MOJENb
MOJBEPraloT  MpoILeAype  aJanTaluu, T. €.
pelIeHrs 00paTHOM 3a/1auH.

Pemenue oOpatHot 3aJ1aun
OCYILIECTBIISIETCSI HAa OCHOBE MUHHMH3AIMH
(byHK1IHIOHANA),

OTBCYHAKOIICTO 3a COOTBCTCTBHC MOACIN

KpUTCpHUA KadcCTBa
pCaJIbHbIM JHOAaHHBIM, TMOJIYYCHHBIM C MCCTO-
POXACHUS. (I)YHKLII/IOHaJ'I KaueCTBa BbIPAXKCH
B BHJAC KpPUTCPHUA B3BCHICHHBIX HAMMCHBIIUX

kBaapartos [10]:

n k
- i .2
J@) = ZwiZ(y(u){ -Y).
i=1 j=1
3nech Yij — 3aMEpEeHHBIC ITIOKA3aTeIH

paboThl  CKBaxWH (NeOWUTHI HeDTH W/ WK

KHUIKOCTH, 00BOJIHEHHOCTb, 3a00MHbIE

nasnennst u T.), y(U)! — Te xe nokasarenn,
paccuMTaHHBIE Ha MOJEIHM, W; — Beca,

peryiaupyronme BKJIaJ OTACIbHBIX IOKa3aTeseH

paboThI CKBaXXHMH B QYHKITHOHAIL.
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BekTop U — BEKTOp MAECHTHHIMPYEMBIX
(YTOUHSIEMBIX) MapaMEeTPOB MOJCIH, 3HAYCHUS
KOTOPBIX OMPEJCIISIOTCS B TPOIECCE PEIICHUS
obpatHO#t  3amaun. B  paccMmarpmBaeMom
TEOJIOTHYECKA COTJACOBAaHHOM IIOAXOJIE OH
COCTOMT M3 JIBYX IIOABEKTOpPoB U = (d,V),
KOTOpBIE OTBEYAIOT 3a COXpaHEHHne
TEOJIOTHYECKO COTJIACOBAaHHOCTH MOJIENH B
mmpolecce BOCIpousBeneHus uctopuu. Ilepsbril
BEKTOp d OTBEYaeT 3a KOPPEISALHOHHYIO
MeTPOPU3NIECKYI0 3aBUCHMOCTD «ITOPHUCTOCTh—
NPOHHULAEMOCTE» (B o0meM  ciydae —
OTHEIBHYIO Ul KakI0i (aumum), a V XpaHuT
B ce0e mapaMeTpsl aHH30TPOITHON BapHOTPaAMMBI
[9]. 3madenuss mapaMeTpoB B  OCTAIBHBIX
MECTOIOJIOKEHUSX, KpoMme CKBa)KUH,
OIICHMBAIOTCS HAa  OCHOBE  BapHOIPaMMBbI
C TIOMOMIBI0  HWHTEPIOJAIMOHHOW  CXEMHI,
m3BectHo  kak  kpurmHr [11].  Takum
o0pa3oMm, MeETOA oOmupaeTcs Ha  MOJeENb
BapuorpaMmbI JUIsL OIIMCaHUuA IMPOCTPAHCT-
BEHHOTO pacrpeie]IeHHs CBOMCTB B IIIaCTe.

Ha KaXX 10U UTEpaLUu pereHus
3aJaud  ajanTaldd  OOHOBJISIOTCS 3HAYCHUS
WIEHTHQUIMPYEMBIX TIapaMeTpoB U. Jlanee,
ciemyst TpoOUeAype KpPUTHHTA, TOPHCTOCTh
OTJICIIBHOTO CETOYHOI0 OJIoOKa 7T BBIUUCIISIOT

o popmye [9]:

Nsdq
U, = E An-usi, (2)
i=1
rae [ — TOpSAKOBBII HOMEpP CTaTUYECKOro

(3a7aHHOTO B OJHOW M3 CKBaXMHHBIX SYEEK)
3HaYeHUS TOPUCTOCTH Ug;, Ngy — oOIIee 4ucio
CTaTHYECKUX JTaHHBIX MTOPUCTOCTH 1o
CKBaXWHaM, a A,; — Beca kpurusnra. [Iponemypa
HAaxOXXJCHUS  BECOB  KpWUTHHTA  OCHOBaHA
Ha TIOHATHH BapuOTpaMMBI W  METOJaxX
JIBYXTOUYEHYHOMU reocTaTucTuku [11].

OTMeTUM, YTO TMOCKOJIBKY pacCUUTaHHas

METOJIOM KpUI'MHI'a OI€HKa CBOMCTBA SBJIICTCS B

CTAaTUCTUICCKOM CMBICIIE HECMEIIIECHHOM,
cpelHee 3HA4YeHHWE IMOPUCTOCTH TI0 MOJENHU
ocTaercst OJIN3KUM K CPETHEMY 110 CKBRXKUHHBIM
JAHHBIM. Taxum

o0pazoM,  YTOYHEHHE

pacmpeneneHuss — IOPUCTOCTH  He  Oyner
IPUBOIUTh K CYIIECTBEHHOMY H3MEHCHHIO
3allacoB yIJIEBOAOPONOB B Mojenu. B 1o xe
BpeMs HaTlOMHHUM 00 OCTOPOXKHOCTU
B IIPUMEHEHUH PErJIaMEHTHOTO TpeOoBaHUS
Ha  OTKJIOHEHMsA  3HAYEHHWH  3amMacoB U
MOJICUETHBIX MapaMeTpoB B Mozenu Oojee yeM
Ha 5% OT yTBEpXAE€HHBIX IS IPOEKTUPOBAHUS.
Ero OykBanbHOE MOHMMaHHE MOXET IPUBOIUTH
K MCKYCCTBEHHOMY MCKa)XEHHUIO I'€0JIOTHYECKON
OCHOBBI MOJIEJIH.

Ilocne  Toro  kak  paclpeneieHue
MOPUCTOCTH IOCTPOEHO, MO NETPOPU3NUECKON
3aBUCMMOCTH €  TEeKYIIMMH  3HA4YeHHSIMHU
NapaMeTPOB ( PACCUMTBHIBAETCS PACIpE/Ie/ICHUE
npoHunaeMoctd. Ha monydeHHOH — Monenu
OCYILECTBIISIETCSL  PEIICHHE NpsAMOW  3aJadH,
ompezaensercss 3Hadenme kputepus (1) u
IMPOBEPAIOTCA YCJIOBUSA OCTAHOBKHU ajiropurMma.
Ecim onm He BBIITIOJIHCHBI, TO IIPOU3BO-
JSTCS HEO0XOIUMBbIE JOTIOJTHUTEIIbHBIE
BBIYUCJICHHS M C [OMOLIbIO BBIOPAHHOTO
METOAa OIITUMH3aAlUU 00HOBIIIETCA BCKTOp
UACHTHQHUIINPYEMBIX [apamMeTpoB u c
NEePexXo/IoM K CIEeAYIOLIEH HTepauuy pereHus

00paTHOH 3a1a4H.

MocmpoeHue modenu

Jist cpaBHHUTENBHON peann3anuyd MeToaa
B naKkeTe Te0JIOrO-TH/POIMHAMUIECKOTO
MoneiaupoBanus tNavigator Oblia BbIOpaHa
CUHTETHYECKasd MOJIETb 3JeMEeHTa
MATUTOYCUHOW CHUCTEMBl 3aBOJHEHUS, paHee
ucnonb3oBanHas B padore [10] ¢ npumeHeHreM
ABTOPCKHUX AITOPUTMOB. Pa3MepHOCTh CETKH —
25x25x10= 6250 s4eex. Pasmep Kaxmoit
sraeriku 100x100x10 m. Kponst mmacra 3amaHa
Ha TiryonHe 2400 M, Mo0111Ba COOTBETCTBEHHO —

2500 m.
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B T1abm. 1

3HAYCHUA MOPUCTOCTH U IPOHUIACMOCTH. Onn

TPUBCACHBI HUCXOIHBIC 3aJaHbl IIOCTOAHHBIMU BJOJIb CTBOJIOB CKBa>XHH

Ha BCIO TOJIIUHY IL1acTa.

Tabn. 1. 3HauyeHuna OEC Ha cKBaXKMHaAxX moaenu
Table 1. Porosity and permeability values at modeled wells

CKBaXKMHa PROD11 PROD125 PROD2525 PROD251 INJ1313
HOro- Cesepo- CeBepo- lOro- LieHr
MonoxeHne CKBa*KUHbI 3anagHbin 3anagHbin BOCTOYHbIN BOCTOYHbIN Mo ej?m
yron yron yron yron A
3Ha4yeHMe NOPUCTOCTU 0,25 0,18 0,25 0,1 0,25
3HaveHue
900 255 900 60 900
npoHuLaemocTu, mfl
UcmoyHUK: No AaHHbIM paboTsi [10]
Source: based on data from [10]

Hns  mocTtpoeHuss TONST  TOPHUCTOCTH 3amaeTca IO 3aBUCHUMOCTH OT IOPUCTOCTH
NPUMEHEH JETEPMHUHUPOBAHHBIN METOJ Kpp=a-exp( - Ky), e a=10, b =18.
TOYCYHOIrO0  KpPHUTHHra CcO  CICAYHOIIHMHU Jpyrue napaMeTpbl miacta U QUIFOMIOB 3a/1aHbI
napamMeTpamMn  9KCIOHCHIHMAIBHON — MOJEIH M0 aHAJIOTUU C OJHUM U3 PEATbHBIX OOBEKTOB.
Bapuorpammel: Ry =1800Mm, R, =500 M, Ha puc. 1 mpeicTapieHbl MOMydYeHHbIE OIS

Rz =50 M, ¢ = 45°. IIponunaemocts (B M/I)

I I 002625

[
]
00281

a/a

TMOPUCTOCTU U TPOHULIACMOCTH.

1 2525

6/b

Puc. 1. Nona nopuctoctu (a) n npoHnuaemocTy (6)

Fig. 1. Maps of porosity (a) and permeability (b)

PaccmarpuBaeMblii iepuro/1 SKCIUTyaTaluu
Mozmenn — 15 Jer ¢ eXeMecSYHBIMH H3Mepe-
180 momeHTOB

HUSAMHU IIOKa3aTelie, BCETOo

3aMCPOB. C wHavama pacueTta pealIM3yCTCs
3aBOJHCHHUC. B Ttabm. 2 MMPUBEACHBI 3HAYCHUS

Z[e6I/ITa KHUJIKOCTH Ha I[O6I>IBaIOH.II/IX CKBaXHMHaAXx.

Ha HarneraTenbHOH CKBaKMHE 3ajaHa
npuemuctocts 14 400 Mm/cyr npu orpaHu-
yeHHH Ha 3a0oifHOoe naBiieHHe — He Oonee
400 Oap. OrpannueHue Ha 3a00HHOE JaBIICHUE
JUTSL BCEX MOOBIBAIOIIMX CKBAXXUH — HE HIKE

150 Gap.
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Ta6n. 2. 3HayeHUNa AebuTa }KUAKOCTU Ha CKBaXKMHAX Moaenu
Table 2. Liquid flow rates of modeled wells

CKBaXMHa PROD11 PROD125 PROD2525 PROD251
Aebur xuarocty, 5500 2700 5500 900
m3/cyT

McmouHuk: no gaHHbIM paboTbl [10]
Source: based on data from [10]

Co3zdaHue Workflow

B ITaKETC MOACIIUPOBAHUA mIacra

tNavigator BCE MOJTyJIH CIOCOOHBI

MOAACPKUBATE ABTOMATHYCCKOE BBIIIOJIHECHUE

omeparuii rpada monenupoBanus (Workflow).

Workflow — mociaenoBaTeabHOCTh IEHCTBHIA,
KoTOpass ~ BKIoYaer B ce0s  QyHKOuM
BBIUMCIICHUM, JIOCTYIIHBIE B MaKeTe,

MOJIE30BATENILCKUNA KO Ha s3bike Python m
dbynxmun.  Workflow

IMO3BOJIACT aBTOMATHU3UPOBATH IMOBTOPSAIOUIUECH

OTACIBbHBIC BHCIITHHC

MIPOLIECCHI, a TaKxKe ABTOMAaTUYECKHU
OOHOBJIATH MOJIENb npu M3MEHEHUU
BXOJTHBIX JTAHHBIX WIHn BHECCHUH
W3MEHEHU B  MpoOLEcC  MOJEIUPOBAHUA.
Hns aBTOMATU3UPOBAHHOIO OOHOBJICHUS

MOJIETIM B TIPOIECCE aJanTalud Bce JEHCTBUS,

MIEPEYUCIICHHBIC B MPEIBIAYIIEM pasjiene, ObUIH
o0wenunensl B Workflow.

st perienus 0OpaTHOM 33a4u B MOJICITb
JNOOABIISIIOTCST  yHpaBiAoNpe mapameTpsl. Ha
puc. 2 (CKpHHIIOT 3KpaHa) IpeaCTaBICHBI
nmapamMeTpbl U UX Juamna3zoHbl. 31meck A u B —
napameTpbl  IeTPOPU3UIECKOH
Ky, =A4-exp (B-Ky). Ky

nponurnaemoct (B M), K, — xosddumment

3aBUCHUMOCTH

ko purment

MOPUCTOCTH (C  JONSAX EAUHUII)  SYCHKHU
momenn, Ry wm R, — paguycel (paHTH)
BaprHoOrpaMMBl B  OCHOBHOM  (major) ®

BCIIOMOTATEJIbHOM (Minor) HAaNpaBJICHUSIX BIOJb
PHI -

[IOBOPOTA TJIABHBIX HAIIPaBJICHUI BapHOIPAMMBbI

HaracToBaHus (B MeTpax), yroi
B IUIOCKOCTH HAIUTACTOBAHUS OTHOCHTEIHLHO

KOOPJMHATHOW CETKH (B rpajgycax).

MepemerHan Bas. 3Ha4eHmne Mun
v A 10 7
v B 18 )
v Rl 1800 500
v R2 500 200
W PHI 45 0

Makc. Tun Pacnpegenenune
17 REAL Uniform {min=7, max=17)
20 REAL Unifarm {min=7, max=20)
2000 REAL Uniform {min=500, max=2000)
1800 REAL Uniform (min=200, max=18200)
180 REAL Uniform {min=0, max=180)

Puc. 2. Ynpasaawowme napameTpbl: REAL — napameTp NpUHUMAET BeleCTBEHHbIE 3HAaYeHUs;
Uniform — napameTp npu aHanuse 4yBCTBUTE/IbHOCTH
NoAYNHAETCA PAaBHOMEPHOMY pacrnpesesieHno Ha OTPE3Ke 3HaYeHUI OT min 40 max

Fig. 2. Control parameters: REAL — the parameter takes real values;
Uniform — the parameter in sensitivity analysis obeys uniform distribution
over the range of values from min to max

Bapuorpamma — cummerpudHas QyHKIHUS.
IToaTomy
PHI

IS IIPOHU3BOJILHOTO yria
cnpaseuBo  y(PHI) = y(PHI + 180).

B cBasu ¢ atum, yron PHI usmensercs ot 0°
mo 180°. OcranpHble MmapaMeTpsl BBIOHPAIHCH

C Y4€TOM aHaJin3a YyBCTBUTCIIBHOCTH.



AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025

http://oilgasjournal.ru

B  kauectBe pacmpeneneHus  OBLIO

BBIOpAHO paBHOMEpHOE pacnperneneHne
(Uniform). 3to 00ycnoBIeHO TeM, YTO TaKoe
pacmpenencHue  MpeArnoyiaraeT  OJHMHAKOBYIO
BEPOATHOCTh  pealM3alil  KaXIOro U3
BO3MOXHBIX 3HAYEHUH CIy4yalHOU BETWYUHBI U
NPUBOJIUT K PABHOMEPHOMY OXBaTy IHAaIra3oHa
UX BO3MOXKHOTO M3MCHEHHS TPH pEIICHUU
00paTHO¥ 3a1a4n.
B caywae  mpumeHeHMs = MeTona
JUIL  pealnbHOro  00bEeKTa  MHHUMAaJbHEIE,
0azoBbIe

MaKCHUMAaJIbHBIC n 3HAYCHUA

nmapaMeTpoB peKOMeHTyeTCs 3a7aBaTh
B COOTBETCTBHU C OXHUAACMBIM JIHANA30HOM
HU3MEHEHUS u aIpUOPHOU 3KCIIEPTHOMN
OLIEHKOW K03 (HUIMEHTOB TNeTPOPU3NIECKON
3aBUCHMOCTH ¥ TIapaMETPOB BapHOTPAMMBI
o UTOTaM  TIPEABAPUTENHHOTO  IETPO-
(¢U3MYeCKOro M BapHOrPaMMHOIO  aHajIu3a
HMMEIOIIEerocsl MacCHBa JaHHBIX MCCIEIOBaHHI
KepHa W  Teo(U3NYECKHUX  HCCIETOBAHHM
CKBaXWH. Bun pacnpeneneHust 1T HUX MOXKET
3aJ1aBaThCsl KaK PaBHOMEPHBIM, MPHU OOJBIIOM
pa3dpoce  OSKCIEPTHBIX  OICHOK, TaK M
YCEUEHHBIM HOPMAJIbHBIM (JIOTHOPMAJILHBIM IS
napamerpa A), ecau Hambollee BepOATHBIC
3HAa4YCHHsI 00OOCHOBAHBI AIIPHOPHBIM aHATTU30M.

ITocne xakaoro OOHOBIEHUS 3HAYCHHI
YOPaBISIONINX TapaMeTPOB B XOZAE pEUICHHS
o0OpaTHOI 3a7aun pacrpene’eHnus IIOPUCTOCTH U
MPOHUIIAEMOCTH B  MOJICJIA  aBTOMATHYECKU
00HOBIIAIOTCS ¢ Tomotnbio Workflow.

Hdns  3agaHums ueneBod  (pyHKIMU B
tNavigator B Moyne «AanTtamus OlpeIeIeHbI
cllaraeMble KpPHUTEpHsl KadecTBa B BHUJE CYyMM
HOPMHUPOBAHHBIX KBaIpaTU4YHBIX  HEBSI30K
MEXIy  pPAacCCUMTAaHHBIMA [0 MOJEIU U
3aMEepeHHBIMH 3HAueHUSAMH JcOUTOB HEhTH
MOOBIBAOIINX CKBaYKHWH, 3a00MHBIX JaBICHUN
BCEX CKB@)XUH U MPUEMHUCTOCTH HAIHETATEIbHOM
CKBOXWHBI TI0 BCEM pPAaCYETHBIM MOMEHTaM
BpEMEHH c OJIMHAKOBBIMH BECOBBLIMU
kod(duimenramMmyu. Takoil MOAXOH B JAHHOM

cimydae OOyCJIOBJIEH pe3yibTaTaMHd aHaIn3a

YYBCTBUTEJIBHOCTH, IPEICTABICHHBIMUA HIKE,
KOTOpbIE  IIOKa3blBalOT, 4YTO  BBIOpaHHBIE
YIpaBISAIONINe
COIIOCTaBUMOE

napaMeTpbl OKa3bIBAIOT
BIIUSHUE  HA  pa3inyHbIC
cocrapistomme  1eneBoil  yHknuu.  Ilpm
ajjanTaldy  peajbHBIX  MOJIeNeld  BECOBBIC
KO3(QUIMEHTBI MOTYT 3aJaBaThCsi OOpPaTHO
MPOTOPITUOHATBHO JTUCTICPCHSIM (MX OIICHKaM)
3aMepsieMBIX TIOKa3aTeJieil, 4TO COOTBETCTBYET
BBIBOJTy KPHUTEPHUS B3BEIICHHBIX HAUMEHBIINX
KBaJ[paTOB M3  METOAa  MaKCHUMAaJIbHOTO
npapaonogoous  [3]. Jlubo ompenensaTbes
AKCIIEPTHO, OTPakast OTHOCUTEIHHYI0 BaKHOCTh
0oree  TOYHOTO  BOCHPOU3BEICHHS]  TOTO

WIn WHOTO 3aMepsieMoro MoKa3aTess
Ha aJanTUpOBaHHOW Mogenu. B  kayecTse
3aMEPEHHBIX 3HAYCHHUN MOKa3aTeleH,
BKIIIOYEHHBIX B  IeJeByl0  (QyHKOMIO, B
paccMaTpuBaeMOM CHHTETHYECKOM IpHUMEpe
HCIIOJIB30BaHbl PE3YJIBTAThl PELICHUS] MPSAMOM
3amaun  (3alycKka CHUMyJIsATOpa) ¢ 0a30BBIMHU
3HAQUEHUSIMU YIPABJIIOIIUX I1apaMeTpoB (CM.

puc. 2).

AHanusz yyecmeumesnbHocmMu

[lepen 3amyckoM  ONTUMHU3ALIMOHHOTO
ajaropuTMma MIPOBOJUTCS aHaIu3
YYBCTBUTECIILHOCTH, YTOOBI yOEAMTHCSA, YTO
BHIOpaHHBIE  YIpaBIAIONIME TlapamMeTpbl U
JIAANa30Hbl UX M3MEHEHUS MO3BOJISIIOT HAWTH
BApUAHT MpPUEMJIEMON aJanTalud MOJEIU.
dopmupoBaHue OTIOPHBIX BapHaHTOB
(koMOWHAIMI  3HAYCHHWH TMapaMETpOB) IS
aHaJIM3a YyBCTBUTEIBHOCTH IPOHU3BOJWIOCH C
MTOMOIIIBIO MeToja MJIAHUPOBAHUSA
JKcmepuMeHTa  «JIaTWMHCKWIT — THIEpKyO» B
tNavigator.

ITapamerpamu pacueta sBisorcea N = 20
n M=5, rne N — KOJIMYECTBO BapHUaHTOB
pacueta, M — KOJIMYECTBO IEPEMEHHBIX.
[Toctpoenue paumarpammel Ilapero mo3BOJsIET
OLICHUTb, KaKue NepeMEHHbIE HanboJee CHUIIbHO
BJIMAIOT Ha LEJEBYI0 (YHKIHIO, CM. CKPUHILOT

akpana (puc. 3).
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Llenesan ¢yHKuv;;| ‘Mos U@ Value

6/b

Lenesan dynkuma ‘Moa LD Term: 1

Lenesan dyrkuua ‘Moa U@ Term: 2

Lenesar dynruma ‘Mos L@ Term: 3

Puc. 3. lnarpamma Mapero:
a — ANA NONHOW LeneBoi GyHKLUMK; 6—T — ANA TPeX COCTaBAALWMX LeneBon GyHKLMKU (KBagpaTUUHble HEBA3KK
no nebutam HedTH, 3a60NHBIM AABAEHUAM U MPUEMUCTOCTU HAarHETaTENbHOMN CKBaXKMHbI)

Fig. 3. Pareto chart:
a —for total objective function; b—d — for three terms of the objective function (quadratic misfit for oil rates,
bottomhole pressures and injection well rate)

W3 puc. 3 cnemyer, uto HauOonblice
BIMSIHUE Ha LENeBYI0 (YHKIHIO OKa3bIBaIOT
nepeMeHHasi B B 3aBHCHMOCTH «IIOPUCTOCTh—

OPOHULAEMOCTb» U  PAaguyC BapUOTrPaMMBbI

PeweHue o6pamHoii 3a0a4u

Hdus  pemenuss  obpaTtHOW — 3amayu
UCIIOJIb30BaH CTOXACTHYCCKUI ONTUMM3AIHOH-

HBI METOJ, OPUEHTUPOBAHHBIM HAa MHHHMMM3a-

Rz. B TO XKe BpEMi BHUIHO, 4qTo Ouro L[eJ'ICBOfI (I)yHKHI/II/I B 3alaHHOM IIPpOCTpaH-
BCC napaMeTpbl CYHI€CTBEHHO BIIMSIIOT CTBEC IIOHMCKa — MCTON ,I[Hq)q)epeHHHaﬂLHOﬁ
Ha TC nim HWHBIC COCTAaBJIAIOIIIHNC 9BOJIOOUHM C HapaMeTpamu, IMpPEACTaBJICHHBIMU
neneBoit  pynknuu.  CrefoBaTenbHO,  OHH Ha puc. 4 (CKpHHIIOT 3KpaHa). Jmst anroputma
MOTYyT HCIIOJIB30BAaTHCA B Ka4dCCTBEC YCTaHaBJIMBACTCA OrpaHUYCHHUC Ha YHUCJIO
I/II[CHTI/I(i)I/IHI/IpyeMLIX nmpu ajJarTainuun 3allyCKOB CUMYJIATOpa (peIlIeHI/Iﬁ HpHMOﬁ

MOJICIIH. 3amaun) — 400.

v [MapameTpel anroputma
BeiGupatk Gasoswiii BekTop: | Bpate ayHLLnin Pasmep nonynagmm: |12 |
Bribupatk Lenesoit BexTop: | Bpate xyaLumnii FnapaMe‘rp:|0,8 |
Konuuectso pasHUCTeﬁ: CR napaMe‘rp|0,'.-" |
KonuuecTeo ogHOBpEMEHHBIX pacyETOB: Cnyqaiinoe yncno: |1923163333 |
Puc. 4. NapameTpbl meToga anddepeHLnanbHOM 3BONOLUN
Fig. 4. Parameters of the differential evolution method

MCTOII Z[H(b(i)epeHHHaJIBHOﬁ 3BOJJOIINH AJIropuTM 6yIleT «YyBCTBOBATH» LECJICBYIO

ABIACTCA METOAOM ri00ambHON OIITUMU3all1

M TO3BOJIIET HAXOOUTh MHUHHMYM JIaXe
B Ciy4asx, Korga (yHKUIUS UMEET MHOXKECTBO
JIOKAJIBHBIX JKCTPEMYMOB U HE SABIAETCS
HenpepeIBHO-AU(depeHmpyeMoid.  AJIropuTM
CTapTyeT C HEKOTOpbIM HabopoM BEKTOPOB
(koMOWHAIMI 3HA4YEeHWH WIECHTUPHUINPYEMbIX
apaMeTpoB) U3  IPOCTPAHCTBA  IIOMCKA.
Oror Ha0Op HaspBalOT mnomyisiuer. Yem

OouibIIe pasmMep nomnyJjdanuu, TEM  JIy4Ile

(GYHKLHUIO, HO TIPU 3TOM BO3pacTaeT Tpedyemoe
YHCIO PEHIeHUH mpsMoil 3amaun (3amycKoB
CUMYJIATOPA).

Ha nmepBeIX wWTepauusax  alNrOpUTM
3aIoJHSIET HOMYJIILUIO CITyYaiHBIMHA BEKTOPaMU
u3 mpoctpaHcTBa mnoucka. Ilocme Toro kak
MOMYJISIIIASL  3aTI0JIHEHA, METOJ] Ha  KaIoW
UTEpallMd  COCTaBJISIET TPOOHBI BEKTOp H
BBIUUCIISIET HA HEM [eNeByl  (PyHKIHIO,

3allyCKas CUMYJIATOD.

10
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IIpoOubIit BEKTOP (dhopmupyetcst

U3  KOMIIOHEHT  IIeJIeBOIO  BEKTOpa U
MYTallMOHHOTO BekTopa. Ilpu cozmanmm 3TOTrO
BekTopa ucnons3yercs: napamerp CR, koTopsrii
OTBEYAaeT 32  BEPOSTHOCTh  3aMEICHHS
KOMITOHEHTBI IEJIEBOT0 BEKTOpPa KOMIOHEHTOM
MYTallMOHHOTO  BekTopa. s  Kaxzmoro
CIIETyIOIEro MPOOHOTO BEKTOpa 00s3aTeThHO
BBIOMpaeTcd OJHa  KOMIIOHEHTa, KOTOpas
Oepercs M3  MYyTalMOHHOIO  BEKTOpa, a
OCTaJbHBIC KOMITOHEHTBI OepyTcst u3
MYTaIlMOHHOTO BeKTOpa ¢ BepoATHOCThi0 CR.
CrnenmoBarenbHo, 4eM  Oonbplie  3HauCHHE
napamerpa CR, TeM Oombliee KOJIWYECTBO
KOMIIOHEHT  LIEJIEBOr0 BEKTOpa OynyT
3aMmeneHbl. B ciydae cemapabenbHBIX 3amad (cC
pasziereHueM BKJIQJa pas3HbIX [apaMeTpoB B
neneByto  ¢yHknmoo) dddextuBHO  OpaTth
Mmenbiee 3HaueHne CR, mis He cenapabenbHbBIX
— Oosblee.

LleneBoii  BEKTOp  BBIOMpAeTCs  Kak
HauXyJIuid W3 nonyisinud. MyTaluoHHBIA
BEKTOP CTPOUTCS Kak CcyMMma 0a3oBOro
BEKTOpa U HECKOJBKUX PA3HOCTEH CilydailHbIX
BEKTOPOB M3  MOMYJSIUUM,  YMHOKEHHBIX
Ha mapamerp F. ba3oBbli BekTop BEIOHMpaercs
KaK Hawinydmui w3 nomymsuud. Ilpn mamom
3HAYEHUH F BO3MOXHO BBIPOXKICHHE
nomyJnsuy. Malible 3HaueHHsT 3TOTO TlapaMeTpa
OPUBOJAT K JIOKATW3alMd 00JacTH MOWCKa
BOJIM3M TEKYIIMX TOYEK TMOMYJSIIUK (TIOUCK
JIOKaJbHOr0o MUHUMYyMa). bonbmme 3nadenus F
MO3BOJIAIOT ~ MCCIEAOBaTH OOJIACTh  TIOHMCKa,
BBIXOJINYI0O JAaJieKo 3a TNpeaed TeKylen
MOIYJISIMY, HO CHIXKAIOT CKOPOCTh CXOJMMOCTH
(Touck T7100aTFHOTO MUHIMYMA).

Korma meneBass (¢yHKIUS BBIYMCIICHA
Ha  TpoOHOM  BEKTOpe, €€  3HaueHHe
CpaBHUBACTCSl CO 3HAUCHHEM IIeJIeBON (PyHKIMH
Ha IeNeBoM BekTope. Ecnmm mpoOHBIH BEKTOp

NPpEACTABIIACT  JIy4UlIeC  3HAUCHHC ueneBoﬁ

(YHKIIMH, OH 3aMEHseT IIeJIeBOM  BEKTOp
B momymsimmd. W Takum o0pa3oM anropuTtMm

MpoAo0JLKACT ACIaTh UTCpAllMU, IMOKa UX YHUCIIO

HE  TPEBBICHT  3aJaHHOC  MAaKCHMAJbHOE
3HAUYCHUE.
Ha puc. 5 (CKpuHIIOT  »KpaHa)

MIPE/ICTaBICHbl 3HAYEHUS IeNeBOoW (YHKIUH H
YOPaBISIONINX IapaMeTpoB, KOTOPBIE OBLIH
MOJTyYEHBI TI0 PE3yJIbTaTaM 3aIlycka aliropuTMa
nruddepeHTMaTEHON YBOIIONNH C TTapaMeTpaMu,
MOKa3aHHBIMU Ha pHC. 4.

B JTAHHOM ciyyae 3aMEpEHHbIC

IIoKaszaTejin SABJISAKOTCSA CHUHTCTHUYCCKNMU,
MMO3TOMY JOOCTHIXKUMBI OYCHBL MaJlbI€ 3HAUCHHA
neneBoit pyHkumu. Ha peambHBIX JaHHBIX
3Ha4YeHHE MeJIeBOW (YHKIMH B ONTHMAIBLHOU
TOYKE 3aBUCUT OT MOTPEIIHOCTEH H3MEpPEHUU.
Hmss momemm  A05/e6_v00000 ¢ 6a3oBBEIME
3HAYECHUSMH IIapaMETpPOB  BapHOIpaMMbBl U
3aBUCUMOCTH  «IIOPUCTOCTb—IIPOHUIIAEMOCTEY
neneBass (QyHkuus He paBHa ( u3-3a OIKOOK
OKpyIUIEeHHs IIpU I[EPEHOCE PpacCUUTAHHBIX
pEe3yNbTaTOB TPSMOW 3a7adyl B KadeCcTBe
3aMepeHHBIX MToKa3aTellell B 00paTHYIO 3a/1ady.

PaccmoTpuMm, Kak B 3aBUCHUMOCTH
OT  yBEIMYEHHUS  JOCTUTaeMOro  3HAYEHUs
neneBod  (QYHKIMH  W3MEHSETCS  JTMana3oH
HEOIpPEJEIEHHOCTH  HAWIEHHBIX  3HAYEHUU
nmapamMeTpoB Mojenu. B Tabm. 3 mpeacTaBiieHbBI
OTKJIOHCHUA

N3MCHCHUA JHUaIria3oOHOB

napameTpoB MOJIENTN oT WUCTHHHBIX
(B IPOLICHTHOM COOTHOIICHHH) B 3aBHCUMOCTH
OT AOMYCTUMOTO 3HAUYEHUsI LEJIeBOH (DYHKLIUH.

Kak u cremyer oxupgarb, 4YeMm BBILIE
JOCTUTHYTOE 3HAa4YCHUE LeNeBOH (DYyHKIMH, TEM
OoJibllle Mana3oH HEONPEAeTICHHOCTH 3HAUCHUI
napamerpoB  Mojenu. [lpum  3TOM  nmaxke
OTHOCHTENIFHO HEOONbIINe 3HAYEHHS [eNIeBON
GyHKIUH
OTKJIOHEHMSIM B TapaMeTpax BapHOTPAMMBI
10 25-33%.

COOTBETCTBYIOT BO3MOXXHBIM
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[ Ueneseie dyrucaun | BEH Tebu. X | Wl Tucrorpa... X [V rpa.. x [/ Wabnowsirpadp. X gl Cocrasman guarpa.. X = Awa.. X [ Mpoxcumo.. X [/

# Moaene ¥ LUenesan dynxuna *Moa LLP' Value
AD05/eb_v00000 1,24299¢-09
AD05/eb_v00390 0,0214342
ADD5/eb_v00393 0,0284523
AD05/eb_v00374 0,0332234
AD05/eb_v00236 0,03605
AD05/eb_v00359 0,0486174
ADD5/eb_v00363 0,0350228
AD05/eb_v00297 0,0616416
AD05/eb_v00322 0,0658301
AD05/eb_v00243 0,069169
ADD5/eb_v00389 0,0741404
ADD5/eb_v00298 0,0996022
AD05/eb_v00399 0,077
AD05/eb_v00341 0,111086
ADD5/eb_v00392 0112711
AD05/eb_v00321 0,116631
AD05/eb_v00307 0,12642
AD05/eb_v00318 0,130192
AD05/eb_v003T1 0,13232
ADD5/eb_vD0296 0,14665
AD05/eb_v00366 0,1502
AD05/eb_v00191 0,150423
AD05/eb_v00391 0,150344
ADD5/eb_v00251 0,161538
AD05/eb_v00357 0,164029

ADO5/e6_v00367 0,165656
ADO5/e6_v00373 0,172549
ADOS/e6_vD0225 0,172772
ADO5/e6_vD0375 0,179465

ANNG/=R IR N 170R2

T A ¥ B ¥ PH ¥ ORI ¥ R
10 18 5 1200 500
10,0848 17,0343 44,8201 1832,38 467,451
9,07067 18,0286 52,2482 2000 371,909
10,3158 17,8728 36,5487 1812,32 475,001
10,3571 17,8758 47,7214 12384 625,955
10,6495 17,7584 47,1326 2000 513,784
10,642 17,6864 39,037 1361,45 500
952832 18,1841 45 1715,21 608,365
9,82261 18,0414 35,5175 171,93 580,316
10,4712 17,7856 59,7977 1297,32 345,344
10,6572 17,6020 54,6928 1394,06 244,01
10,8253 17,6008 49,4217 1457,67 500
9,64899 18,1256 56,8874 1755,06 478,962
10,0587 17,9912 41,0051 1798,87 1030,15
10,098 17,9618 55,598 1328,14 201,974
9,40919 18,3015 68,9604 1707,97 200
10,7331 17,6509 32,3322 1413,38 582,57
11,2299 17,5392 113,85 1337,19 770,56
9,70457 18,1142 33,44 171,36 200,158
9,40348 18,2643 38,9949 2000 918,517
917947 18,3052 423058 1626,54 482,585
9,95972 18,0298 30,3901 177044 634,221
10,2453 17,9343 56,0655 1316,43 281,173
10,6734 17,7372 5 1131,98 345,301
94573 18,2225 33,8807 2000 719,714
9,8139% 18,0093 52,216 1803,7 271,331
10,3675 17,8242 28,4907 2000 200
561833 18,8166 130,102 1426,58 473,203
99238 18,0297 67,2918 1778,12 200
1N 2482 170242 RN ERT 1904 DA ann

Puc. 5. YnopsagoyeHHble No BO3PACTaHUIO 3HaYEHMI LeneBon GpyHKLMK
pe3ynbTaTtbl paboTbl anroputma amddepeHuymanbHoON 38oOLMU

Fig. 5. Differential evolution algorithm results sorted by objective function values in ascending order

Tab6a. 3. lnanasoH OTKAOHEHWA NapaMeTPOB MOAE/M B 3aBUCMMOCTM OT 3HaYEHUI LeneBon GyHKUUK
Table 3. Range of model parameter deviations for different objective function values

3HaueHue LeneBov Otknonenne, %
PyHKLUY A B PHI R1 R2
10 0,03 o1 -0,29 ot -0,36 ot -0,38 ot 1,80 o1 -25,62
no 0,84 £o 0,15 0o 16,11 o 11,11 no -6,51
100,05 ot -0,29 ot-1,34 o7 -18,78 ot 0,68 ot -25,62
0o 6,49 £o 0,15 0o 16,11 8o 11,11 no 25,19
£00,1 oT-4,71 o1 -2,22 oT-21,07 oT1-27,93 ot -30,93
0o 8,25 £o 1,02 no 32,88 8o 11,11 no 25,19

Ha puc. 6 mnpencraBieHO «peaabHOE)
T10JI€ TPOHUIIAEMOCTH UCXOJHOM CUHTETHYECKON
MOJCIIA W PacCUYUTAHHBIC MOJIS MPOHUIIAEMOCTH
JUIST MOZICTICH, TTOYYEHHBIX IT0 UTOTaM PEIICHUS
oOpaTHOUW 3amaum, €O 3HAYCHUSIMHU IIEICBOM
¢dyakuun o 0,0333. AHaNOTUYHO BBITIISAST

oJjig MOPUCTOCTU Ha pHC. 7. BI/I,E[HO, qTo,

HECMOTpSI HA OTJIMYKA B 3HAUCHUSIX TapaMeTpOB
Bapuorpammel, mojast @EC Mamo oTiaudaroTcs
Ipyr oT napyra. ['padukn mnpueMuCTOCTH W
3a00HHOTO JaBJICHHWsST Ha CKBOXWHAX TaKXKe
BOCIIPOU3BOJATCS OJNM3KO K «(PaKTHISCKHM,
paccuuTaHHBIM HAa HMCXOAHOW CHHTETHUYECKOH

MOJEIIH.
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a/a 6/b B/c r/d

Puc. 6. «PeanbHoe» none NpoHMLAEMOCTH (@) U UTOTOBbIE NOAA NPOHULLAEMOCTU 418 MOAeNen
Result_00390 (6), Result_00393 (8) 1 Result_00374 (r)

Fig. 6. “Real” permeability distribution (a) and final permeability distributions for the models
Result_00390 (b), Result_00393 (c) and Result_00374 (d)

a/a 6/b

0y x

'
1

T

T
T

I
TITTT

B/c r/d

Puc. 7. «PeanbHoe» nose NopucTocTH (a) M UTOroBbIE MOAA NOPUCTOCTU A8 Moaenein
Result_00390 (6), Result_00393 (8) 1 Result_00374 (r)

Fig. 7. “Real” porosity distribution (a) and final porosity distributions for the models
Result_00390 (b), Result_00393 (c) and Result_00374 (d)

TakuMm 00pa3oM, pe3yiabTaThl pPacdeTOB
MOJTBEP)KAAI0T BO3MOXHOCTH BOCCTAHOBJICHHUS
noneii ®EC macra B mporecce perieHHs
oOpatHOH 3amauun. B 1O Xe Bpems, Tako
pe3yabTaT JOCTUTaeTcs NpU  3HAYUTEIHHOM
YHUCIIE pacueToB NPAMOM 3afaun (3aITyCKOB
CUMYJISITOpa), a 3HA4YCHHS WHIUBUAYATbHBIX
MapaMeTpoB BapHOTPAMMBI  BOCIPOU3BOISTCA
C TIOTPEIIHOCTHIO 10 25-33%.

Pacyemeol ¢ usmeHeHHbIM Ha4aAbHbIM
npubauxceHuem

s Oojilee  peajMCTUYHOH  OLICHKH

BO3MOKHOCTEH aJIropurMa ObLIH MMPOBCICHBI

pacueTbl 1O pemieHHo 00paTHOW  3ajadd
C U3MEHEHHBIM Ha4YaJbHBIM NPHOIMKEHUEM,
OTAMYAIOIIMMCS  OT  HMCTHUHHBIX  3HAuYCHHH
napamerpoB. Ha puc. 8 (CKpHMHLIOT 3KpaHa)
0a3oBbIC

MMPEACTABJICHBI COOTBCTCTBYIOIIIHUC

(HagayibHBIE) ~ 3HAYCHUS  [MapaMeTpoB |

JUara3oHbl UX U3MCHCHMU.

Ha puc. 9 (ckpuHIIOT  3KpaHa)
HPE/ICTABICHBI 3HAUCHHUS LeNIeBOM
GYHKIMHM W YOPaBSIIOIIUX — [1ApaMETpPOB,
KOTOpble OBUTM TOJY4YeHBl IO pe3yibTaTaM
3aIrycka anroputMa U depeHInanbHON
SBOJIOLMKA C  U3MEHEHHBIM  HAdaJbHBIM

MPHOITIKEHUEM.
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Mepemennan Ba3. sHauenne Mun Makc,
v A 12 7 17 REAL
v B 20 7 20 REAL
v RI 2000 500 2000 REAL
v R2 300 200 1800 REAL
v PHI 60 0 180 REAL

Tun

Pacnpeaenenne
Unifoerm (min=7, max=17)
Uniform (min=7, max=20)
Uniferm (min=500, max=2000)
Uniform (min=200, max=13800)

Uniferm (min=0, max=180)

Puc. 8. Ynpasnstowme napameTpbl 418 U3SMEHEHHOTO Ha4ya/IbHOTo NPUBANKEHNA

Fig. 8. Control parameters for the modified initial guess

@ uenes.. | @ Tab... X | il Twe... x & Kpo... X N rpa.. x 0 was... x 4k Coc.. x = Ana.. X E‘},‘ﬂpo... x |£ Cdf x L, oate -
Moaens ¥ Uenesan pyrryua 'Mos Lid' Value ¥ A ¥ B Y PH Y m Y R
A001/e1_v00391 0,0104398 10,0399 17,9837 36,8549 118,69 490,008
ADD1/e1_v00386 0,0314644 9,5472 18,1834 39,0118 1118,69 491,147
AD01/e1_v00280 0,0357921 964712 18,1385 43,872 951,366 519,175
ADO1/el 00277 0,0401582 10,4624 17,817 17,6249 862,638 637,362
AD01/e1_v00368 0,0418892 10,4046 17,8519 35,056 1023,05 697,754
ADO1/el_v003TT 0,0501713 10,2707 17,891 23,7164 912,944 731,609
AD01/e1_v00397 0,0573353 9,43029 18,1973 444476 1023,43 463413
ADO1/e1_v00263 0,0630218 10,1742 17,9281 26,777 940,23 787,195
AD01/e1_v00351 0,0696868 954432 181781 47,1382 979,041 572,615
AD01/e1_v00290 0,0707523 11,207 17,5216 46,4128 219,004 704,013
AD01/e1_v00229 0,0770544 10,5529 17,7806 15,6955 1106,53 824,992
ADO1/e1_v00317 0,0773559 9,38802 18,2484 39,5344 836,502 528,776
AD01/e1_v00270 0,0779123 9,97297 17,9899 39,2035 2000 743,114
AD01/e1_w00388 0,0730979 10,3891 17.9146 28,6024 500 836,195
ADO1/e1_v00250 0,0808581 9,61562 18,1629 49,1516 2000 756,344
AD01/e1_vD0255 0,0813771 9,72978 18,1163 14,1732 711,461 764,705
ADO1/e1_v00304 0,0843688 10,4854 17,8276 34,3325 300 730,75
AD01/e1_v00246 0,0943789 11,2899 17,4855 0 876,198 837,063
ADO1/e1_v00302 0101317 10,0695 17,9709 33,7339 2000 556,987
AD01/e1_400269 0,107566 10,0491 17,661 3,52738 1053,81 1019,96
ADO1/e1_v00315 0,110156 9,94904 18,0209 3,552T1e-15 1083,95 549,308
ADD1/e1_v00394 0,115787 9,58977 18,1764 57,3874 500 449,839
ADO1/e1_v00385 0,11593 10,5133 17,7654 43,7994 1118,69 344938
ADD1/e1_v00344 0,11837 10,2415 17,8963 22,8105 500 715,414
ADO1/e1_v00390 0,126142 11,1673 17,5228 0 1118,69 728,302
AD01/e1_v00347 0,126476 10,949 17,6306 40,2885 1338,28 143438
AD0Y/e1_v002T2 0,129181 11,1267 17,5845 0 1101,58 625,45
ADD1/e1_v00333 0,130209 11,5723 17,3501 41,6832 956,648 463,413
Puc. 9. YnopsazoueHHble No BO3pacTaHWto LieneBoi GyHKLMM pe3ynbTaTel paboTbl anroputma
anoddepeHUnanbHOM 3BOIOLUN C USMEHEHHbBIM HaYyalbHbIM NPUBANNKEHMEM
Fig. 9. Differential evolution algorithm results with modified initial guess
sorted by objective function values in ascending order
PaccmotpuM, kak B 3aBHCHMOCTHU (YHKIIUM ~ TIpH  W3MEHEHHOM  HavajJbHOM

OT MHHHMAQJIbHO  JOCTMIacMOIro  3HA4YCHUSA MPHUOITKEHUH.

1eneBod  (QYHKIMA  U3MEHSETCS  JTMana3oH N3 Tabnm. 4 cmegyer, 4YTO Jgaxe

HEONPEAECIEHHOCTH HalJEHHBIX 3HAYCHUH MpH MaJIbIX 3HAYCHUSX IICJIEBOM  (YHKIMH

mapamMeTpoB Mojaenu. B Tabn. 4 mpemcraBieHbI

HU3MCHCHUA Juara3’oHoOB OTKJIOHCHUA

rnapamMeTpoB MOJOCIU oT HUCTHHHBIX

(B TIPOIICHTHOM COOTHOIICHWUW) B 3aBUCHUMOCTH

oT JA0IIyCTUMOT'O 3HA4YCHUA HCHGBOﬁ

(mo 0,03 — B maHHOM Ciydae MOCTpOEHa OJHA
Takas MOJIeJIb CO 3HAYEHUEM IIeNIeBOW (QYHKIHH
0,01) oTknoHEHWS] B HaWIEHHBIX 3HAYCHUSIX
napamMeTpoB BapUOIPaMMBI OT UCTHHHBIX MOTYT
OBITH CymiecTBeHHBIMH (110 38%).
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Ta6n. 4. [iInanasoH OTKNOHEHUA NapameTpoB MOJENN B 3aBUCUMOCTU OT 3HaYEeHUI LeneBoi GpyHKLUM
Table 4. Range of model parameter deviations for different objective function values

0,
3HayeHMe LeneBoi OTknonerue, %
PyHKUAM A B PHI R1 R2
0o 0,03 0,40 -0,09 -18,10 -37,85 -2
10 0,05 ot -4,53 ot -1,02 oT -60,83 ot -52,08 ot -2
0o 4,62 £0 1,02 no-2,51 no -37,85 00 46,32
000,1 oT-6,11 o1 -2,86 ot -100 ot -72,22 or-7,31
no 12,90 no 1,38 009,23 po 11,11 no 77,41

PaCCMOTpI/IM MOJACIb C HAaHMMCHBIIHNM

3HAUYEHUEM LEIEBON ¢byHKINH -
A0015/e1_v00391 (manee 1o TEKCTY
Result_00391). Hexortopsie pe3yIbTaThI
pemieHuss  OpsAMOM  3amadyd OIS 3TOH
Mozenu mnokazaHel Ha puc. 10. Kakx BumnHo
Ha puc. 10, Tpadukm ngebutoB  HedTH,
3a00WHBIX  JABICHUH HW  MPHUEMHUCTOCTH

mrst moxenu Result 00391 mpakTuueckn He

OTIIUYAIOTCA  OT  «3aMEPEeHHBIX»  (MOJelnb
Result 1), HecMOTpsl Ha 3aMETHBIC OTKJIOHCHHUS
pacueTHbIx 3HaueHH mapamerpoB PHI m RI
OT UCTHHHEIX (CM. Tabi1. 4).

Ha puc. 11 mpencraBieHo «peajgbHOE
noJe MIPOHHUIIAEMOCTH B CpaBHEHUU
¢ Tmony4eHHbIM s Mozenud Result 00391.
HabGmronmaercss HeOONbIIOE OTIIMYME B HAIPaB-
neHuu Mexnay ckBaxxkuHamu PRODI11 — INJ1313
—  PROD2525, HO

pacnpeneneHus TTOJIST

o01as KapTHHA
MIPOHUIIAEMOCTH
coxpansierca. Ilomsa mopucroctd Ha puc. 12
MIPAKTUYECKU HE OTINYAIOTCA APYT OT ApyTa.
TakuMm 00pa3oM, pe3yiabTaThl PacUeTOB
C abTepHATUBHBIM HaYaJbHBIM MPUOIKEHHEM
MOJATBEPKIAIOT BO3MOYKHOCTH BOCCTAHOBJICHHSA
noneit ®EC mmmacta B mpouecce perieHus
oOpatHoit 3a/1a4n npu JIOCTHKEHUN
nmoctatouyHo Manbix (~0,01) 3HadeHui 1eneBoit
¢ynkumu. Ilo wmepe yBenuyeHus 3HaYSHUH
LIEJIEBOM

¢yskumn o 0,1  BO3MOXHBIE

IMOrp€IIHOCTU B OMPEACIICHUN NHANBUAYAJTbHBIX

MapaMeTpoB BapHOTpaMMBI PE3KO BO3PACTAIOT,
nmocturast 72—100%.

OtMeTrumM, 4TO npu nepexoae
OT CHHTETHYECKMX K pCAJbHBIM MOJCIISIM
clelyeT OKUAATh 0oJiee 3HAYMMOTO TIPOSBICHUS
MPOOIIEMBI HEeMHCTBEHHOCTH peuieHus
o0paTHOH 3aJauu — HAJMYUS MHOXXECTBEHHBIX
JIOKQJIbHBIX MHHHUMYMOB IICJICBOM  (DYHKIUM
U COOTBETCTBYIOUIMX UM  «ONTHMAIBHBIX»
Ha0OpOB 3HAYEHUH YMPABISAIOMINX MapaMeETPOB.
Hnst MIPEOI0NEHUS poOIEeMBI MOTYT
WCTIONIB30BaThCs  Pa3lIMUHBIe TOJXOJNBL. Tak,
B pabore [12] Obulo TOKa3zaHO, YTO

HEOIMPEACICHHOCTD B HUTOT'OBBIX pactpe-

JCIICHUAX MMOPUCTOCTH n IIPOHNIACMOCTH

MOXET OBITh CHW)XKEHa 3a cyeT O000CHO-

BAaHHOH  pAacCTaHOBKM  ONOPHBIX  TOYEK
B MEKCKBXHHHOM MIPOCTPAHCTBE c
Jno0aBJIeHMEM  COOTBETCTBYIOIIUX  3HAYEHHH

OEC B Habop yOpaBiSIONMX MapaMeTPOB.
Taxke mOpUMEHMMBI OOLIME PEKOMEHAANU
OpM pELIeHHHd NOJO0OHBIX OOpaTHBIX 3ajad:
OIICHKa BIHAHUS BECOBBIX K03 (unmeHToB
0a30BBIX 3HAYEHHIA
GbyHKIIH
pelieHue;

B 1eneBoi (yHKIHH,
napameTpoB u BBIOpaHHOH
pacripeniesieHHss Ha  IOJIydyaeMmoe
UCTIONIb30BaHNE PEryJIsipu3aTopoB HA OCHOBE
anpuopHoit uHpopmaruu. [Ipu 3ToM Oombimoe
3HAYeHHWE MMEeT TIIOJHOTa W KayecTBO
3aMepsSEeMBbIX JaHHBIX, BXOJSIIUX B KPUTEpUI

KadecTBa.
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Hara
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Puc. 10. Pe3ynbTaThl pewweHma npamon 3agaum ana mogenm Result_00391 B cpaBHEHUM C K UCTUHHOM»
mogaenbto Result_1: a — rpadumkun aebuta HedpTn 1 3a60MHOrO AaBneHUA cKBaXKnHbI PROD11;
6 — rpaduKK NPUEMMUCTOCTM M 3a6OMHOTO AaBAeHMA CKBaXKMHbI INJ1313

Fig. 10. Results of the forward problem solution for the Result_00391 model compared to the “true”
Result_1 model: a — graphs of oil production rate and bottomhole pressure for the PROD11 well;
b — graphs of injectivity and bottomhole pressure for the INJ1313 well
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a/a

6/b

Puc. 11. «PeanbHoe» none NnpoHULL@eMocTu (a) 1 noae NPOHMLEEMOCTH, NONYYEeHHOE
ana mogenu Result_00391 (6)

Fig. 11. “Real” permeability distribution (a) and permeability distribution obtained for
the Result_00391 model (b)

a/a

g 8 B

6/b

Puc. 12. «PeanbHoe» none NopucTocTu (a) v nose NOPUCTOCTH, NONyYeHHOoe
ana mogenu Result_00391 (6)

Fig. 12. “Real” porosity distribution (a) and porosity distribution obtained for
the Result_00391 model (b)

B pabore [13] neMoHCTpUpyeTcs npuMep
MOBBIIIEHUS] TOYHOCTH pEIIeHHs OOpaTHOM
3aJa4d aIanTalud TUAPOJMHAMHYECKOW MoJIe-

JIN OJIA FOpPI?:OHTHJIBHOﬁ CKBaXXHWHbI C MHOI'O-

CTaJMIAHBIM THAPOPA3PbIBOM ILTACTa 3a CYET
BKITIOUEHUS B II€JIEBYI0 QYHKIUIO MHOOpMAIUN
0 JIOJICBOM YYaCTHH OT/ACNbHBIX TPEUIMH

B 00II[EM NMPUTOKE HEPTH U BOJbI K CKBOKHHE.
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BbiBOAbI
PesynpTatel  BBIMTONHEHHONH  pabOTHI
JEMOHCTPUPYIOT ~ BO3MOYKHOCTh  peajH3aliu

aBTOMaTHSHpOBaHHOfI I'€OCTaTUCTHYCCKHU CorJjia-

COBaHHOU ajanTanuu reoJIoro-ruapo-
JUHAMUYECKOW MOZAETH K MCTOPHH Pa3paboTKu
C IPUMEHEHUEM

KOMMEPUYECKOI'o IIakcra

THAPOAMHAMUYECKOTO  MomenaupoBanus. [lpu

3TOM  WCHOJIB3YIOTCSL ~ TaKkHe  BCTPOCHHBIC
MHCTPYMEHTBI COBPEMEHHBIX CHMYJISITOPOB, KaK
BO3MOXKHOCTh CO3aHMsl IOCJIEIOBATEILHOCTH
(Workflow) wu

OIITUMU3AlIHH,

orneparuii 0e3rpaJrieHTHbIC

AJITOPUTMBI OCHOBAHHBIC

Ha MHOT'OKpaTHOM BBIYUCJIICHUHA HGHCBOﬁ

GbyHKINY.

HOJ'Iy‘IeHHHC JUIA CHUHTCTHYCCKOI'O

TECTOBOI'O NIPUMEPA Pe3yIbTAThl TOATBEP)KIAIOT

BO3MOKHOCTB OIIpe/ICNICHHsT  TapaMeTpOB

AQHM30TPOITHOM BapUOrpaMMbl M 3aBHCHMOCTH

KIMOPUCTOCTb—IIPOHHUIIACMOCTDL)> B mpouecce

pemienuss  oOpaTHOHW  3ajauMm Uil TOJEH

[IapaMeTPOB, MOJIEIHPYEMBIX C IPUMEHEHUEM
Tre€0CTaTUCTUKH.

METOJI0B JIBYXTO4YEUHOMN

HeonpenenennocTts HalIEHHBIX  3HAYEHUH

napaMeTpoB BapuOrpaMMbl U NETPOPUINIECKON
3aBUCUMOCTH

3aBHUCUT OoT JOCTHXXKHUMOTI'O

Bknap asTopoB

MHUHUMAIIGHOTO 3HA4YeHUsS MeJeBOW (yHKINH

(morpemrHOCTEH ~ W3MEpeHWM) W BEIOOpa
HavyajgpHOrO  mpubmkeHus.  [lorpemrHocTs
B OICHKC WHIWBUIYAIBHBIX  IapaMeTPOB

BapUOTrpaMMbl MOXKET OBITb 3HAUYUTENBHOH U
nocturatb 70—-100% nake Nmpu OTHOCUTENIBHO
MaJbIX 3HaYEHHAX I1eIeBOH (QYHKIHH, IPH 3TOM
nosst PEC BoccTaHaBIMBAIOTCS € TPHEMIIEMOi
TOYHOCTBIO.
Heobxoxumo TaKKe YUHUTHIBATh
3HAYUTEIBHBIH 00BbEM TpeOyeMbIX 3aIlyCKOB
cuMmynaTopa (pemeHnid NpsSMOW 3aaadu), YTO
3aTpyAHSET  pealu3aluio A pealbHBIX
Mojiele OOJNBIION Pa3MEPHOCTH U C 0O0Jb-
MMM YUCIIOM  YNpPAaBISIOMUX  I[AapaMeTpPOB.
YacTUYHBIM BBIXOZOM SIBIISICTCS HCIOJIB30BaHUE
npokcu-mojeneid. DPPEeKTUBHOCT HX MpUMe-
HEHUS TPU peaM3aludl  TeOCTATHCTHYECKU

COTJIaCOBaHHOM aJanTanuu U TOYHOCTbH
MOJIy4aeMbIX PEIICHUH TpPeOYIOT OTACIBLHOTO
moago00Hast

uccinenoanusd. B To ke Bpewms,

npobjemMa He CBOWCTBEHHa A(PQPEKTHBHBIM
CTELMAIM3UPOBAHHBIM aJITOPUTMAaM Ha OCHOBE
CONPSDKEHHBIX METOJIOB, YTO IOJTBEPIKIACT
aKTyaJIbHOCTh WX JaJbHEHINEro pa3BUTHA W

BHCAPCHUA.

E.O. EJ'H/ICTpaTOBa - q)OpMaJILHBIfI AHaJIN3, MMPOBCACHUEC HUCCIICAOBAHUA, BU3yaln3alnsd, CO3JaHUC

PYKOIIMCH U €€ pelakKTHPOBaHHE.

WM. UHapynckuii — KOHIENTYaJu3alus, METOI0JIOIUs, BEpU(PHUKAIUS JTaHHBIX, PYKOBOJCTBO

WCCIIETOBAHNEM, CO3/ITaHIE PYKOITUCH U €€ peIaKTHPOBAHNE.
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HYDROTHERMODYNAMIC AND GEOMECHANICAL MODELING OF THE PROCESSES
IN SATURATED GEOLOGICAL MEDIA

Original article
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Geostatistically consistent history matching of reservoir flow
model using a commercial simulator

Ekaterina O. Elistratova® D4, llya M. Indrupskiy?
1 — National University of Oil and Gas “Gubkin University”, 65 Leninsky Ave., Moscow, 119991, Russia
2 — Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. The paper examines the possibility and features of implementing the
geostatistically consistent history matching of a reservoir model using reservoir flow simulation
software. This approach assures maintaining the principles of the geological model creation during the
solution of the inverse problem. For comparison purposes, a previously known test model is used
implementing similar approach using author-developed algorithms. Objective. To analyze features and
limitations of the geostatistically consistent automated history matching of a 3D model using a
commercial simulator. Materials and methods. Synthetic 3D model of a heterogeneous reservoir,
tNavigator reservoir flow simulator with built-in automation and history matching tools, geostatistical
methods. Results. The geostatistically consistent automated history matching procedure is implemented
in tNavigator on a synthetic model of a five-spot waterflooding element. The errors in the recovered
values of the synthetic model parameters are analyzed depending on the final value of the objective
function (measurement accuracy) and initial guess. Conclusions. It is possible to implement the
geostatistically consistent history matching procedure using the automation tools of modern reservoir
flow simulators. However, the built-in automated history matching algorithms do not provide enough
efficiency for application to real reservoirs without using proxy models.

Keywords: automated history matching, inverse problem, geostatistically consistent history matching,
geostatistics, variogram, reservoir flow simulator
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rMaPOTEPMOANHAMUYECKOE U TEOMEXAHUYECKOE MOAE/TIMPOBAHUE NMPOLECCOB
B HACbILLEHHbIX TEOCPEAAX

OpurnHanbHaA cTaTbA
YK 622.276
https://doi.org/10.29222/ipng.2078-5712.2025.05

OnpepeneHne napameTpos 3aBUCUMOCTEN OTHOCUTENbHbIX
¢$a30BbIX NPOHMLLAEMOCTEN C NOMOLLbIO TMAPOAUHAMUYECKUX
nuccneao0BaHUN CKBAXKUH U YUCI@HHOIO MOAEeNNPOBaHUA ANA
HU3KONPOHULLAEMOTO TEPPUTrEHHOro KoANeKTopa'

A.B. WWypyHos 4
NHcTUTYT Nnpobaem HedTn 1 ra3a PAH, Poccua, 119333, MockBa, ya. N'y6KkuHa, 4. 3

AHHOTauuA. AkmyansHocms. [puU  WUCNONb30BAaHWUM TEONOTO-TMAPOAMHAMUYECKUX MoZenen ans
aHa/IM3a M MPOEKTUPOBAHWUA PA3pPaboTKM MECTOPOXKAEHWUI yrieBofopoaoB ¢a3oBble NMPOHULAEMOCTU
MJIaCTOB-KO/IIEKTOPOB 3aHMMAIOT KJHOYEeBOE MeCTO. TPaZMLMOHHbLIA NOAXOA K OMNpeaeneHuto 3TuX
napameTpoB C NMOMOLLbIO 1TAaBOPATOPHbLIX UCMbITAHMI HA KepHe 4acTo He obecneymBaeT AOCTAaTOYHYIO
TOYHOCTb, NO3TOMY NPeANaraeTca asibTepHaTMBHaA MeToAMKa onpeaesneHnn $GasoBbIX NPOHULAEMOCTEN.
Lleno pabomel. YTOYHEHWE MapPamMeTpPoB 3aBUCMMOCTEN (a3oBbiX NPOHMLAEMOCTEN MNIACTOB-
KONINEKTOPOB A/ BbINOJHEHMUA MPOrHO3HbIX PacYeToB A06blM MECTOPOXKAEHMA M NOBbIWEHUA
3GPEKTUBHOCTU FE0NOrO-TEXHUYECKUX MEeponpuaTMiA  (BBOA YNJOTHAIOWMX CKBaXKMH, MOBTOPHbIE
rmapaBanYeckMe paspbiBbl MNiacTa) 6e3 MCNoNb30BaHUA HepesieBaHTHbIX MO MacwTaby AaHHbIX
nuccnepfoBaHuii - KepHa. Mamepuansi u  memoodsl.. 06paboTka M MHTepnpeTauma  AaHHbIX
rMAPOAMHAMMYECKMX UCCNELOBAHWUIA  CKBAXMH UM MOCTPOEHME UYMCAEHHOM MOZENM yvacTKa
MECTOPOXAEHMA C aganTaumMent Ha  AJAuTeNbHble  UCTOPMYECKUe  AaHHble.  Pesyabmamei.
ChopmynmpoBaHa MeTOAMKA MOAYYEHUA OTHOCUTE/bHbIX ¢$a30BbiX NPOHWULAEMOCTEN MO AAHHLIM
pa3paboTKM  MeCcTOpOXKAEHUN, pPaclWMPPOBKU  pPe3ynbTaToB MNPOBOAUMbBIX  MAPOAMHAMUYECKMX
MCCNef0BaHUI COOTBETCTBYIOLLMX CKBAXKWH, GOPMUPOBaHUA MO OOBEKTY paspaboTKM UMCAEHHOM
Mmogaenu. [JaHHas meToamMKka onpoboBaHa Ha peasibHOM 06beKTe pa3paboTku (loXkHan YacTb Mpuobckoro
HedTAHOrO MecTopoXKAeHUs). Bbigeodel. MeToaMKa MOKET ObITb MCMOAb30BaHa A1 MOZLE/MPOBAHMUSA
HedTAHbIX MECTOPOXKAEHWA. Mo CpaBHEHMIO C K/1TAaCCUYECKMM NOAXOA0M ONpeneneHna OTHOCUTEbHbIX
$a30BbIX MNPOHULAEMOCTEN NO KepHy, AaHHbIK MeToh no3BosaseT Wu3baBuTbca oT 3addeKTa
MacWTabupoBaHUA U NONYYUTb PENEBAHTHbIE 3aBUCUMOCTU A/ LeNoro o6bekTa pa3paboTku.

KnioueBble cnosa: rmgpoagnHammyeckme unccneaoBaHnAa  CKBaXXMH, OTHOCUTEJIbHbIE d)a3OBbIe
NPOHNLUAEMOCTN, YNCNIEHHOE MO4eNTIMpPOBaHue

¢MHaHCMpOBaHMe: NUCTOYHUKN d)MHaHCMpOBaHVIﬂ OTCYyTCTBOBa/N.

* CTaTbA HanMcaHa Ha OCHOBe A0K/Aaga Ha VI Bcepoccuitickolh MONoAEeKHON HayuHOU KOoHdepeHUMn « AKTyanbHble
npobnemol HepTH U rasa», 18—20 okTabpa 2023 r., MHCTUTYT Npobnem HedTU M rasa PoccuNCKOM aKagemunn Hayk,
MockBa, Poccusa.

4 LWypyHoB AHapelt Bnagummnposud, andrewshurunov@gmail.com
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—G)
@ [T KoHTeHT gocTyneH nog nuueHsueit Creative Commons Attribution 4.0 License.

24


https://doi.org/10.29222/ipng.2078-5712.2025.05

AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025

http://oilgasjournal.ru

BnarogapHoCTU: aBTOp GnarogapuT CBOEro HayyHoro pykoBoamutesna U.M. UHAapyncKkoro 3a nomolupb

B HaNMCaHUU CTaTbW.

Dna untuposanua: LypyHoe A.B. OnpepgeneHve napameTpoB 3aBUCMMOCTEN OTHOCUTENbHbIX Ga30BbIX
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BeepeHue

B pa3paboTke MECTOPOXKICHUH
(ha30BBIEC TTPOHUIIAEMOCTH IIJIACTOB-KOJIIIEKTOPOB
3aHUMAIOT KITIOYEBOE MECTO pu
WCTIONB30BaHUH  T€OJIOTO-THIPOTUHAMHYECKUX
MozeIeH raMm) TUTS aHajam3a u
MIPOEKTUPOBAaHMs.  TpafuLIMOHHBIM  MOJAXOJ
K ONpEACICHUIO OJTHUX MapaMeTpOB IIyTeM
NpOBelleHUs Ja0OpaTOPHBIX HCTBITAHWUH Ha
KEepHEe YacTo He o0ecreuMBaeT JOCTaTOYHYIO
TOYHOCTH B CHIYy Pa3IUYHBIX (HaKTOPOB,
BKIIFOYasi ~ MacmTadbl  JKCIIEPUMEHTOB U
M3MEHEHUS B CTPYKType 00pa3IioB.

Jns  TOBBIMIEHWS TOYHOCTH  OLICHKH
($a3oBBIX  MPOHUIIAEMOCTEH  TpeasiaracTcs
WCTIOJIb30BaTh JJAHHBIE T€0JIOTO-TIPOMBICTIOBBIX H
THJIPOJNHAMUYECKUX HCCIIEIOBAHUN CKBaXXKUH
(CANUC). JauHbId 1MOAX0J OCOOCHHO aKTyaJeH
JUTSE. MECTOPOXICHUH C OOJBIINM KOJIUIECTBOM
CKBaXkuH [ 1, 2].

[IpobmemMa WCTONB30BaHUS CYIIECTBY-
IONUX TPAJUAIUOHHBIX METOJIOB OIpeIeICHUS
(a30BBIX MPOHUIIAEMOCTEH paccMaTpuBaIach
B Ppa3HBIX HCCIIEJOBaHMAK, TJE Ui 3TOTO
NPUMEHSITUCh  KOCBEHHBbIE MeToiabl.  OnHako
B JIAaHHOM CJIyd4ae WMEIOTCS  HESCHOCTH
B JIOCTOBEPHOCTH pe3yabTaToOB n3-3a

YIPOLIEHHBIX MOJIX0JIOB, OTPaHUYCHHBIX
JIAHHBIX, K TPUMEpYy, PACCUUTAHHBIX (opmy-
namu baknu—JleBeperTta WM ke MOIYYEHHBIX
aHaJIM30M €MHUYHBIX CKBaXKUH |3, 4].

Ilenrio HCCIICIOBAHUS SIBJISIETCS

YTOYHEHUE IMapaMeTPOB 3aBUCUMOCTEHN (Pa3oBBIX

MPOHHULAEMOCTEH  IJIACTOB-KOJUIGKTOPOB IS
BBITIOJIHEHHSI TIPOTHO3HBIX PAacyeToB J00BIYN
MECTOPOXACHUS U TOBBIIIEHUS 3(h(HEeKTUBHOCTH
re0JIOrO-TeXHHYECKUX ~ MEPONpHATHH  (BBOX
CKBayKHH,

YIUIOTHAIOIINX IIOBTOPHBIC

THIpaBIMYeCKHe  pa3pbhIBBl  MjacTta)  0e3
WCTIONIb30BaHMsl HEPENEeBAaHTHRIX 10 MaclmTaly

JIaHHBIX HUCCIIEIOBaHUI KEpHa.

B pabote npeaIaraeTcs
MOAU(DUIIMPOBAHHBIN METOJL olpeneIeHus
(hazoBBIX MPOHULIAEMOCTEH, KOTOPBIA

MOJPa3yMEBaET CICAYIOLINE Iaru:
- ®opmMmupoBaHue KpUBOMH o0meit
MOJBIKHOCTH  (DIIFOMIIOB € HMCIOJIB30BAHUEM
ceegennii [JIMC 1o  COOTBETCTBYIOLIEMY
paspabaTeiBaeMOMy OOBEKTY.

- Hopmuposanue MOJIBUKHOCTH
¢rouIoB Ha 3HAYCHUE a0COIFOTHOM
MTPOHUIIAEMOCTH.

- Hcnonp3oBanne YUCIIEHHOTO
MOJICTTHPOBAHHS TUTS TOTO, YTOOBI

pasiesuTh KPUBYIO TOJBHKHOCTH  (DIIFOHMIOB
Ha OTHOCHUTEJIbHBbIC (Da30BbIC MPOHHUIIAEMOCTH
(ODII) B COOTBETCTBHHU C  peaTbHBIMHU
JIAHHBIMHU Pa3pabOTKH MECTOPOXKICHHUS.

C noMomipio pa3paboTaHHOTO MEXaHM3Ma
MOSIBJIIETCS. BO3MOXKHOCTH JIOCTHIKEHUSI Oolee
TOYHBIX  pE3yJNbTaTOB MpH  OOBEAUHEHUU
MPEUMYIIIECTB

Ppa3JINYHbIX METOO0B C

oOecrieueHHeM  HAJEKHOTO  ONpEICIICHHS
(ha30BBIX MPOHHIIAEMOCTEH [UIsi TOTO, YTOOBI
3 PEeKTHBHO

YIPaBIATh pa3paboTKoii

MECTOPOXKACHUM.
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Bbi6op 06beKTa uccnenoBaHus

Jlotst

mwiact AC10.1-3 na IlpmoGckom HedTssHOM

HCCIeNOBaHUA  OBUT  BBIOpaH
3anagHon
POIYKINU
CKBaXUH BapbupoBaiacb oT 2% gm0 100%.
Uto0Os!

OBLIM  MCIIOJIL30BAaHBI

MECTOPOXKIACHUN CI/I6I/IpI/I, rae

00BOJTHEHHOCTh HCCIIEyEeMBIX

IMOBBICUTHL  TOYHOCTH  PE3YJIbTATOB,

YCpeIHEeHHbIE aHHBIC

pacrojioKeHHBIX B 3TOM e paione: Kro —
OTHOCHUTENbHAs (ha3oBas MPOHHUIIAEMOCTHh TIO
Krw -

IMPOHUIIAEMOCTDH

HedTH, OTHOCHTENIbHAsE  (ha3oBast
(puc. 1). Dt

YCPECAHCHHBIC 3HAYCHUSA IIO3BOJIMIIM IIOJYUYUTH

II0 BOAC
TOYKH JIsA KpHBOﬁ IIOJABHUXHOCTH (I)J'HOI/II[OB,
KOTOPBIE 3aTe€M COIOCTaBJIAIIMCh C KPUBBIMHU,

IMOJYYEHHBIMU C HCIIOJIB30BAHUEM IPOMBICIIO-

nu3 IIeTLIpeX pa3BeHOQHLIX CKBaXXUH, BbIX JaHHBIX HYTGM nx CpaBHCHI/IH 1 aHaJIn3a.

1,2
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3
)
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Puc. 1. 3aBMCMMOCTM OTHOCUTE/IbHBIX $a30BbIX NPOHMNLLAEMOCTEN OT BOAOHACHILWEHHOCTH,
noslyyeHHble NO Pe3ynbTaTaM OCPeAHEHMA KEePHOBbIX AaHHbIX

Fig. 1. Dependences of relative phase permeabilities on water saturation
obtained from the results of core data averaging

MonyyeHne KPUBOIA NOABUMKHOCTH

Jlotst

GarougoB mpHM  Pa3sNUYHBIX  YPOBHAX OOBOA-

OTpeIeIICHHSI TOJIBMOKHOCTH
HEHHOCTH TIulacTa OBUI TPOBEIEH TIyOOKHiA
reoJIoro-TuIPOAMHAMUYECKUN aHAJIN3 CKBAKHH.
B ocHOBy sToro aHanmza JerJid JIaHHBIE W3
KPHBBIX BOCCTAaHOBJICHUSA YPOBHA, HABJICHHA U
CHMWXKCHHUA JaBJICHHS. BI)IGOpKa CKBAXXHUH JI4A
UCClIeIoBaHnsl 0Oa3upoBanach Ha IEJIOM psjie
MapaMeTpoB: MPEXKAEe BCEro, Ha TOYHOCTH
MOKa3aHWi naBleHWss W JeOuTa, a Takxke Ha
CHEIU(PUISCKAX OCOOCHHOCTSIX CaMOTr0 00BEKTa
[5-7]. Amamu3 mTPOBOAWICS TIO CKBaXHHAM

mracta AC10.1-3, mpu 3TOM YYHTHIBAJIOCH,

9T0OBl MPUTOK (pIronga ¢ APYrux IJIacTOB HE
npesbiman 10% ot o0mero NoCTyIUIEHHs, Yero
yaaioch a00uThcs Onarogaps MPOMBICIOBO-
reoPu3NYecKUM  WCCIEAOBaHMSIM.  BaxxHOM
gacTpl0 0TOOpa cTaja peryispHOCTh YPOBHA
00BOJIHEHHOCTH. B wurTOore aHamm3 OXBaTUI
62 CKBaXXHHBI C Pa3IMYHBIM yPOBHEM OOBOIHEH-
HOCTH, YTO JaJl0 BO3MOXHOCTb OLICHUTH 3 ekt
OT CTEIICHH UCTOILIEHHS TUIacTa U paboTy cucTeM
MOJIEPAKaHUsI IIJIACTOBOTO JaBJICHUS.
HccnenoBanusi 1Mo OTOOpaHHBIM CKBa-
JKUHaM OBITM pa3liefieHbl Ha YeThIpe TPYIIIbI
1o CTETICHH

XapakTepy OKCIUIyaTallud U

00BOJIHEHHOCTH CKBayKUH [8]:
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- MeTtomoM  KpuBOH  cTaOMIM3aIIuN
nmasnenus (KCJI) mis ckBaXwH B HavadbHOMN
cTaguu 00OBOJTHEHHOCTBIO
110 30%.

- Metonom

OKCIUlyaTauuu C

KCJI
6ypeHI/IC KOTOPBIX IPOBOAMIIOCH C ICJbIO

JJIsL CKBa’>XHH,

- MeTomoM KpUBOM BOCCTaHOBJICHUSA
nmapnenns (KBJI), mis ckBaXuH Ha pa3IAIHBIX
CTaJIUAX MX IKCILTyaTalluu.

Ouenka MOJABM>XHOCTH ¢diroumoB
B COOTBETCTBUM C YPOBHEM OOBOJHCHHOCTH

jacta BbBIIMOJHANIACE NOYTEM YCPCAHCHUA 10

YIUTOTHEHHUSE; c paszHoi CTETICHBIO COOTBETCTBYIOIUM TIPOLIEHTHBIM JHAMa30HAM
00BOZHEHHOCTH. 00BOJHEHHOCTH.

- Meromom KCJI mnsi ckBakWH mocie DTOT  TOAXOA  TIO3BOIHMI  yYECTh
MPOBEJCHUS  IMOBTOPHBIX  THAPABIMYECKUX pasiuyYHBIE AKCIUTyaTallHOHHBIE YCIOBUS U
paspbiBoB miacta (I'PII) ¢ 00BOAHEHHOCTHIO o0ecreuynTh  TOJIYYCHHE  PENPEe3CHTATUBHOM
csoIie 30%. KpUBOM MOJABIKHOCTHU (dronmoB TUTS

- Metonom KCI IS CKBaKUH JAIBHEHIIET0 aHajlu3a W MCIOJIBL30BAaHUS
B HaYaJIbHOU CTaINH JKCILTyaTaIlul B TEOJIOTO-THAPOJIUHAMUUYCCKUX MOMACIAX IPHU
¢ 00BoaHEHHOCTHIO 10 30%. pa3paboTKe MECTOPOXKIACHUH (puc. 2).
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Puc. 2. F'pad 1K 3aBUCMMOCTM OCpeaHEHHON NOABUKHOCTU ABYX a3 (HedpTu 1 Boabl)
oT 06BOAHEHHOCTH

Fig. 2. Graph of dependence of the average fluid mobility of the two phases (oil and water)
on water content

UcmoyHuK: AKTyanbHble npobaembl HepTH 1 rasa: C6. Tpyaos VI Bcepoccuiickon monogeHon HayvyHoum
KoHpepeHunn. M.: MHcTUTyT npobaem HedTn m rasza PAH, 2023. C. 95.

Source: Actual Problems of Oil and Gas: Proceedings of the 6th All-Russian Youth Scientific Conference. Moscow:
Oil and Gas Research Institute of the RAS, 2023. P. 95. (In Russ.)

3HaueHus OJIBU)KHOCTH (hmronoB
HerocpeactBeHno mpu 0% uw  100%
00BOHEHHOCTH PacCYUTHIBAJIHICH o
PVT-cBolicTBam IIJIACTOBBIX ¢dronoB

mrs AC10.1-3,

(a3oBbIX

3HAYCHUAM  OTHOCHTCIIBHBIX

HpOHHHaeMOCTCﬁ JJIA BCEX

KpaeBbIX  TOYEK  BOJABI,  HACBIIICHHOCTH
o He(TH.

ITo daxkTHyeCKUM HaHHBIM 3aBUCHMOCTH
OOBOJHEHHOCTH  OT  He(TEHACHIIICHHOCTH

¢dopmupoBanack
(puc. 3) [9].

¢ynkuus  bakiau—Jleseperra
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I ©® DaxTryecKre TaHHbIe
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HedrenacsimeHnocts, 1.ex

Puc. 3. Npaduk 3aBUCUMOCTM 06BOAHEHHOCTH OT HedTeHaCbIWEHHOCTH

Fig. 3. Graph of dependence of water content on oil saturation

Jns TOTO YTOOBI [IEpEHECTH Onpeznenenne HaCBIIIIEHHOCTH macra
KPUBYIO TOJBIDKHOCTH (IIOMIOB B  KOOp- YCTaHABJIMBAIOCH IO MH(OpMAIIUN Pe3yTbTaTOB
JUHATBl 10  HachlleHHOCTH  (puc.  4), WHTEpIpeTaui reopU3NIeCKUX HCCIICTOBAHUN
(dopmupoBanach  3aBHCHMOCTh  HACHIIIEH- CKBOXMH  HIKHETO  TMpOIUIacTKa  IUIacTa

HOCTH HETIOCPEJICTBEHHO OT OOBOJHEHHOCTH. AC10.1-3.

1,4

1,2 <

1

0,8 <
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OTHOCUTENbHAS MOABUKHOCTS, 1/cII3

0 T T T T
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BOL[OHaCLIHIeHHOCTL, . €1

Puc. 4. Tpadu1K 3aBUCMMOCTM OTHOCMTENIbHOW NOABUMHOCTU atomaos (HedTb U BoAa)
OT BOAOHACHILLEHHOCTUN NOC/Ae yCpeaHeHUs

Fig. 4. Graph of dependence of the relative fluid mobility (oil and water) on water saturation after averaging
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MonyuyeHune ¢pasoBbix NpoHULL@eMOcTelN

Ha YMNCNEeHHO moaenu

Jns Oonee TOYHOH ajmamnTalldyd T€OJIOrO-
rupouHaMuueckoit Moaenu B cpene Eclipse
2011 ot Schlumberger Obuta HCHIONB30BaHA
MOJTydeHHas] KpuBas TOABIKHOCTHA (DITFOMIOB
Ananrarus

Ha CEKTOpHOMU MOJIETIH.

BBIIIOJIHAIACH Ha IIpuMeEpe yJacTka

IIpnobckoro HEPTIHOTO MECTOPOKICHHUS, TIE

N3MCHCHUA O6BOI[HGHHOCTI/I U TOJIBKO OJHOTI'O

o0bekTa  paspaboTkm.  BeiOpanHas  30Ha
pacmonaranack BOKDYT CKBaXHHBI X, TaAe
YPOBEHb 00BOJTHEHHOCTH 3a nepuo
ucnonb3oBanusa ¢ suBaps 2004 r. mo ceHTIOpb
2017 r. mwmensuics ot 1% mo 94% (puc. 5).
IIpu »TOoM ckBaxkmHa X OJKCILUTyaTHpOBaia
mvmerHo tact ACI10.1-3, 9ro m ompenmemnseT

€ro BaXXHOCTH IS MPOBEACHHUS HCCICIOBAHMI

KJIFOYEBBIM OBIJIO HAJIMYHE IMHPOKOTO CIEKTpa U pacyeToB.
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Puc. 5. TpadumK ncTopmUYECKUX NOKasaTenen paboTtbl CKBaXKMHbI X

Fig. 5. Graph of historical production of the well X

NcmoyHuUK: AKTyanbHble npobaembl HedTH M rasa: Co. Tpyzos VI Bcepoccnitckoint MooAEKHOM Hay4HOM
KoHbepeHunn. M.: MHcTUTYyT npobnem HedTn 1 rasa PAH, 2023. C. 95.

Source: Actual Problems of Oil and Gas: Proceedings of the 6th All-Russian Youth Scientific Conference. Moscow:
Oil and Gas Research Institute of the RAS, 2023. P. 95. (In Russ.)

Ananranius  I'’ZIM  mpousBoamiiace 1o
neOUTy >KUAKOCTH CKB&KMH M 3a00WHOMY JaB-
nenuo. s 5TOro B COOTBETCTBUHM C KJIACCH-
YECKUM TIOJX0/I0M K MOJIEIMPOBAHUIO HACTpau-
BaJIMIChH CJIEYIOIINE TTapaMeTPhl MOJIEIH:

1. CkuH-dpakTop CKBaXHMHBL llOCKONBKY
BCE CKBKMHBI Ha YYaCTKE NMPOCTUMYJIUPOBAHBI
T'PII nmaHHBIA mapamMeTp HMMeEN OTpPULATEIbHOE
3HaY€HHE W BapbUpoOBajica B mpezaenax ot —1.,5
o —3,5 (moxynms COMPDAT). OtpuniatensHoe
3HaYeHHWE CKUH-(QAaKTopa HE  MOJIHOCTBHIO
oTpaxaeTr cBoicTBa ckBaxuHsl ¢ ['PII, Tak kak

npu nposeneHnn I'PII coszpmaroTcst riaHapHble

TPELINHBI, 2 OTPUIATEIBHBI CKHH YBEINYUBAET
3¢ (EeKTUBHBIN pailnyC CKBOKHUHBI.

2. IIpoayKTUBHOCTh CKBaXKUHBI. J{aHHBII
napaMmerp TTO3BOJTAI CKOpPPEKTHUPOBATH
U3MEHEHHE pPabOThl CKBOKWUHBI BO BPEMEHU —
yXy[IlIIeHHe €€ MNPOAYKTUBHOCTH (MOIYJb
WPIMULT).

3. TIpoBoamMoCTh sTIeeK BOTM3H
CKBaXUH. JlaHHBIM mHapamMeTp U3MEHsETCS
s mopenupoBaHusi  addekra  aBTo-I'PII
HarHeTaTeJIbHBIX  CKBaXHH.  I[IpoBOguMocThb

MCHACTCA B sTYerKax B HaIllpaBJICHHUN

MAaKCUMAJIBHOT'O PETMOHAJIBHOTO CTpECCaA.
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IMocne TOro, Kak COOTBETCTBYIOIIAS
MOJEIb II0 JKHIKOCTH Oblia aJalTUpOBaHa,
U3MCHSUINCh KPUBBIC OTHOCUTEIIBHBIX (Da3oBBIX
MPOHUIIAEMOCTEH JIUIS IOCTHIKEHHS COBMEIICHHUS
mo  J00bYM  HeTH, a TaKKe  BOJBI

no ckBakuHe X (puc. 6). i TOBBIIEHUS

14 -
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11 e
0,8 -
0,6 - \
0,4 - "
0,2 -

TOYHOCTH BBIIOJHAEMBIX PAacueToB B paiioHe
CKBRXMHBl ~ CETKa MOJEJIM  H3MeNbyajach
B 4 pasa c wucnoinp3oBanueMm ¢ynkuun LGR
(moxymu CARFIN, WELSPECL, COMPDATL)
[10]. M3meHsuuch KpUBBIE NpPU COXPAHEHUH

CyMMapHOfI IIOABUXKHOCTH.
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Puc. 6. 3aBUCMMOCTM OTHOCUTENBHbIX Pa30BbIX NPOHMLLAEMOCTEN U NOABUKHOCTM GAtOMA0B
OT BOAOHachIWeHHOCTH ana nnacta AC10.1-3,
Noay4YeHHble C UICNONb30BAaHUEM YNCEHHOTO MOAE/IMPOBAHMUA

Fig. 6. Dependences of the relative phase permeabilities and fluid mobility
on water saturation for the AC10.1-3 formation obtained using numerical modeling

NcmoyHuK: AKTyanbHble npobaembl HedpT 1 rasa: Co. Tpyznos VI Bcepoccnitckoin MooAeKHOM Hay4HOM
KoHbepeHunn. M.: MHcTUTyT npobnem HedTn 1 rasa PAH, 2023. C. 96.

Source: Actual Problems of Oil and Gas: Proceedings of the 6th All-Russian Youth Scientific Conference. Moscow:
Oil and Gas Research Institute of the RAS, 2023. P. 96. (In Russ.)

NonyuyeHne OPM no

rMApoAUHaMMUYecKoi mogenm

c ucnonb3osaHnem cumynartopa ren

Ananranys TUAPOIUHAMUYECKON MOAeTH
c HCIIOJIB30BAaHUEM MOZYJIsI EasyFrac
wiatgpopmbl  Petrel 2016 Obita  BbImoHEHa
C LEeNbl0 OLCGHKM BIHUSHUA IUIAHAPHOTO
pacnionoxxenust TpeuH ['PII Ha 3aBHcHMOCTH
O®Il wu cpaBHEHHd METOOUK  pacyera
(amanTanmuu) TUAPOAMHAMUYECKHX  MOJEICH,
cozepxkaiux ckBaxkunbl ¢ ['PIL

Apnanranys MOJENTH C ITOMOIIBI0 MOIYJIS
EasyFrac npoBoamiace B 2 Jrara:

1. TTogbop oONTHMAaNBHBIX OJUHAKOBBIX

xapaktepuctuk TpeuuH [PII (¢ yuerom

HaIpaBJICHUS OCHOBHOI'O pETUOHAIILHOTO
cTpecca).

2. WHauBuayanbHas HacTpoWika pabOThI
KKIOW CKBKUHBI TI0 KHAKOCTU U 3a00iHOMY
JABJICHUIO TyTEeM HW3MEHEHHsI  IOJYUIMHbI

tpeuasl ['PI1

AHanU3 Noay4YeHHbIX 3aBUCUMOCTEN
[locnme  ompenmeneHus  3aBHCUMOCTEH
OTHOCUTENIFHBIX  (PAa30BBIX  MPOHUIAEMOCTEH
JUIsL  30HBI  BOKPYI  OTHEJBHO  B3ATOM

CKBa’XHWHbI B YCIIOBUAX p€ajbHOro
MECTOpPOXACHHUA (puUC. 7) BO3HHUKAET 3amavya
HUX COIIOCTAaBJICHUA W aHajlu3a IOJYUCHHBIX

pasiIn4ui.
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Puc. 7. 3aBMCMMOCTM OTHOCUTE/bHBIX Pa30BbIX MPOHMLL@EMOCTEN U NOABUKHOCTU GtoNa0B
OT BOogOHacblweHHocTH anda naacta AC10.1-3, nonyvyeHHble ¢ ucnonb3oBaHMem moayna EasyFrac
nnatdopmbl Petrel 2016

Fig. 7. Dependences of relative phase permeabilities and fluid mobility on water saturation for the AC10.1-3
reservoir obtained using EasyFrac plugin of Petrel 2016 platform

Hanusie O®II, momydeHHBIE Ha KEpHAX
B Jlabopatopubix ycioBuax (Kepn H, KepH B)
YacTO CYIIECTBEHHO pPAaCXOIATCS C Pe3yiib-
TaTaMy, JOCTUTHYTBIMU IyTEM YHCIEHHOTO
monenupoBanus (Monxens H, Mogenb B). OT0
BO MHOTOM OOBSICHSAETCS  OTrpaHUYEHHBIM
MacmrTadOM KEpHOBBIX HCHBITAHUA M UX
HECIIOCOOHOCTBIO YUHTBIBATH IOJHOMACIITA0-
HBIE YCIIOBUSl DKCIUTyaTallid MECTOPOXKICHUS,
BKJIIOYasi Takue (PaKTOphI, KAaK HEOJIHOPOIHOCTh
miacta W pexuMbl J00bdH. OCOOCHHO 3TO
MIPOSIBIISIETCS] B CITydae MPUMEHECHHS YUCIICHHBIX
METOJIOB, TJi€ 3aBUCHUMOCTH OTHOCHTEIbHBIX
(ha30BBIX TPOHUIIAEMOCTEH MOTYT OTKIIOHSTHCS
MOJA BO3JCHCTBUEM BHEIIHUX OIEPALUOHHBIX
YCHIIMH, TAKMX KaK pa00oTa COCETHUX CKBAXUH H
0o0nacTs IpeHupoBaHus. TeM He MeHee, CIeTyeT
OTMETHUTH, YTO, HECMOTPS HAa 3TH OTKIOHEHUS,
obmas TpeHmoBas nauHamuka KpuBblx O®II
OCTaeTcsl TOXOXKeW Ha Ty, KOTOopas IOKa3aHa

Ha puc. 8.

Peructpamuss 3THX mNDapamMeTpoB BBOJIUT
JIOTIOTHUTENbHbIE JTaHHbBIE B Tporiecc
ajianTalyy, YCKOpsisi — KaluuOpOBKY  IocIe-
OYIOIIMX MOAeJIed U, B CBOIO OYepe.b,
crocoOcTBysl 0Ooiee TOYHOMY TIPOTHO3HPO-
BaHUIO  IPU  HUCIOJB30BAHUM  CHCTEMBI
3aBosHeHMA.  KoMuecTBEeHHOE  yCTpaHEHHE
pacXoXXIeHUH W OmpenesieHHe  BIMSIHUA
MEXCKBOXMHHBIX  B3aMMOJIEUCTBUII  JEJIAIOT
BO3MO>KHBIM MIOBBILIIEHNE HaJEKHOCTH
MPUHAMAEMBIX OMNEPAIlMOHHBIX pEIIeHUH U
ONTHMH3AIINIO CTpaTteruit pa3paboTKu
MECTOPOXKACHHH.

B ciaydae C  TpelmuHOU I'PIT
(momyns EasyFrac mmardopmer Petrel 2016)
uHTEpPEepeHLnus  OT  COCEAHHMX  CKBaXKHUH
B pAOy HAcTymaeT paHblle W IUIOmaab
JIPEHUPOBAHUS OOJIBIIIE OTHOCHUTEIHHO 0a30BOH
MOJIENIM, YTO HEOOXOJAMMO KOMIICHCUPOBATh
yBenuueHueM (a3oBoil KpHUBOH 10 HeTH

(EF_n, EF_B).
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Puc. 8. CpaBHeHME 3aBUCUMOCTEN OTHOCUTE/IbHbLIX $a30BbIX NPOHULAEMocTen ana nnacta AC10.1-3,

NONy4YeHHbIX MO KeEPHOBbIM A@HHbIM N C NOMOLWbIO YNCZIEHHOIO Mo4ennpoBaHNA

Fig. 8. Comparison of dependences of the relative phase permeabilities for the AC10.1-3 formation

obtained from core data and using numerical modeling

Hdns  mpoBepku  paboTel  (pa3oBBIX OCHOBE NPOMBICIOBBIX  JaHHBIX, KOTOpas
NPOHHUIIAEMOCTEH, OIpEJeNICHHbIX B JaHHOM MOJKET OBITh HCIIOJIB30BaHA JIISI MOJICIIMPOBAHUS
UCCIIEZIOBAaHUM, MOJeNb OblIa  paccyuTaHa HEPTSHBIX MecTopoxaeHuil. [lo cpaBHEHHIO
Ha TPOTHO3 C YYeTOM BBOJAa  HOBBIX C KIACCHYECKUM IOJXOJIOM  OIpeeICHuUs
YIUTOTHSIIOIINX CKBa)KUH. o MSATH OTHOCUTENBHBIX  (ha30BBIX  MPOHHUIIAEMOCTEH
CKBa)XMHaM, BBEJICHHBIM Ha o0BeKTe 0  KEpHY, [JaHHbIA  METOA  IO3BOJISET
pa3paboTku, JIOCTUTHYTA CXOANMOCTD n30aBUTBCS OT d3PdeKxTa MacImTaOUpPOBAHUS
pe3yJbTaTOB IO CTAapTOBOHl OOBOJHEHHOCTH W TONyYdTh  PEJIEBaHTHbIE  3aBUCHUMOCTHU
nopsiaka +5%. UIg  1enoro ooOwvekTa pa3paborku. JlaHHBIHA

METOJ pealu3yeM TOJbKO TpH  HAIHYHH

BbiBOAbI UCTOPHHU pa3paboTKu MECTOPOXKICHUS,

B pabore mpencraBieHa  MeTOAMKA B KOTOPOHl HMEIOTCS CKB2XHHBI C Pa3HBIM
OIIpeeIeHHS OTHOCHTEIHHBIX (ha3oBbIX ypOBHEM 0OBOJTHEHHOCTH, OTCYTCTBYET
IPOHUIAEMOCTE  IUIACTOB-KOJUICKTOPOB  HA MOJOUIBEHHAS BOAA WJIM ra30Basl IIAIKa.

" pCAAKTUPOBAHUC TCKCTA.

BKknap aBTopa

A.B. lllypyHoB — pa3paOoTka KOHIIETIIINU, COOP JaHHBIX, IPOBEJCHIE UCCIIEAOBaHUS, TOATOTOBKA

KoHdnukT nHTepecos

ABTOp 3asABIISIET 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTCPECOB.
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HYDROTHERMODYNAMIC AND GEOMECHANICAL MODELING OF THE PROCESSES
IN SATURATED GEOLOGICAL MEDIA

Original article
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Determination of dependence parameters of relative phase
permeabilities using well testing and numerical modeling for
a low-permeability terrigenous reservoir”

Andrey V. Shurunov X<
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. When using geological hydrodynamic models for analysis and engineering, phase
permeabilities are of key importance in field development. Traditional approach to determining these
parameters through laboratory core tests often does not display sufficient accuracy, so an alternative
technique for determining phase permeabilities is proposed. Objective. This study is intended to clarify
the phase permeability relationships in the forecast calculations of field production and assessment of
the success of geological and technical measures (bringing-in of infill wells, repeated hydraulic
fracturing) without using irrelevant data from core studies. Results. A technique was formulated for
obtaining relative phase permeabilities from field development data, deciphering the results of
hydrodynamic testing of the corresponding wells and forming a numerical model for the development
object. This technique was tested on a real development object (the southern part of the Priobskoye
field). Conclusions. The technique can be used to model oil fields. In comparison with the classical
approach of determining relative phase permeabilities by core, this method allows us to get rid of the
scaling effect and get relevant dependencies for the entire development object.
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaA cTaTbA
YK 553.98:556.36:553.042(571.56-15)
https://doi.org/10.29222/ipng.2078-5712.2025.06

fmpaporeonornyeckme ycnosmua NoAacoNeBoro 3taxka MMpHUHCKOro
cBOAa C NO3MLMIA UCNO/Ib30BAHUA NIAaCTOBbIX BOA KaK UCTOYHUKA
rMAPOMUHEPAIbHOIO CbipbA

P.®. CesoctbaHoBa! 4, J1.A. Abykosa?

1 — UHCTUTYT Nnpobaem HedTn 1 rasa Cnbupckoro otgenenusa PAH, Poccus, 677980, AKYTCK,
yn. OKkTabpbekan, a. 1

2 — UHcTnTyT Nnpobnem HedTu u rasa PAH, Poccun, 119333, MockBa, ya. l'ybkuHa, 4. 3

AHHOTauma. AkmyanbHocmeo. [loBbileHMe peHTabenbHOCTM HedTerasoBblX MeCTOPOXAEeHMM Ha
NO3AHWX CTaAMAX >KU3HEHHOro UMKna TpebyeT npuBAEYEHWA AOMNOJHUTENbHBIX TEXHONOrMYECKMUX
PELIEHNN OCBOEHWUA MUHEpPasibHO-IHEPreTUYECKOro MNoTeHuMana reosormyeckon cpeapl. OgHMM U3
[OCTYMHbIX, Mano3aTpaTHbIX, F€ONIOTMYECKM U 3KOHOMMYECKM OMNpaBAAHHbLIX PELIeHWI MOXeT CTaTb
U3B/IEUEHME CTPATErMUYECKM BasKHbIX KOMMNOHEHTOB M3 MOA3EMHbIX BOZ, BHEAPAIOWMXCA B 3a/eXb MO
Mepe najeHWa nnacToBoro fAasneHus. Lleab pabomel. AHaAW3 OCHOBHbIX TMAPOre0NOrMYEeCcKUX
napameTpoB MNPOAYKTUBHbIX FOPU3OHTOB MMPHUHCKOTO CBOAA KaK pervoHa, B npedenax KoToporo
BO3MOXHa COBMeLLEeHHaa Ao6bblya yr1eBoA0poA0B M NPOMbILWIEHHO LEHHbIX KOMMNOHEHTOB NAaCcTOBbIX
BoA. Mamepuasnsl u memoOdbl. PaKTUHECKME AaHHble NO NAACTOBbIM AABAEHUAM, TMAPOXMMUYECKOMY
cocTaBy noa3emHbix Bog MWUPHUHCKOTO cBoAa, 06/1a4atoLLero BbICOKMM HedTerasoBbiM NOTEHLMANOM, a
TaK)Xe BO3MOMHOCTbIO OCBOEHMA MMAPOMUHEPANbHBIX PECYPCOB. MCnoib30BaHbl CTaHAAPTHbIE MeTOApI
06paboTKN MMAPOXMMUYECKMX MaTEPUaNoB, METOAbl MMAPOXMMUYECKOrO MOAE/MPOBAHUA U  pacyeTa
rMAPOAMHAMUYECKUX NOTEHLMANO0B. Pe3ysbmamsi. BbiABNEHbI OCHOBHbIE OCOBEHHOCTM AMHAMUKMU U
cocTaBa noAsemHblx BoA MMPHMHCKOrO CBOAAa, KOTOPble BO3MOXHO MWCMO/b30BaTb B KayecTse
rMAPOMMHEPANbHOTO Cbipbsi. OTMEUYEHO, YTO BOAbl BEHACKOrO KOMMJ/IEKCA COAEP’KAT B MPOMbILLIEHHbIX
KOHUeHTpauuax iog (ao 13,5 mr/am3) n 6pom (oo 5260 mr/am3), autuin (oo 10 mr/am3), cTpoHumit
(oo 2500 mr/am3), pybuanin (oo 3 mr/ am3). Bbigodbl. BaHO, 4TO Ha MECTOPOXAEHUAX YINeBoA0pOA0B
MWPHUHCKOrO ~ cBOAAa  MpoABAAeTCA  pe3kaa  reodNlonaoAMHaMMYecKas  HeoAHOPOAHOCTb,
06yCNOBNEHHaA TEKTOHMYECKOW 67104HOCTbI0. ITO NO3BONAET BECTU OJHOBPEMEHHYIO HEe3aBUCUMYIO
n06biuy YrIeBoA0OpPOAHOIO M MMAPOMMHEPAsbHOTO CbIPbA, a TaKKe pellatb npobnemy yTuaMsaumu
0TpaboTaHHbIX BOA, B MECTHbIX YyCN0BMAX. [NA MOMNHOUEHHOrO Hay4yHOro O6OCHOBaHUA MEpPCreKTUB
MCMONb30BAaHMA  MOA3EMHbIX  BOZ, ~ MECTOPOMAEeHWI  MWPHUMHCKOrO  CBoJa B KauyecTse
TMAPOMMHEPANbHOTO CbipbA Heobxoanma pa3paboTKa M peanusaumsa NPorpammbl AeTanbHbiX paboT no
YTOUHEHUIO TUAPOXMMUYECKMX U TUAPOAMHAMMYECKMX MNapameTpoB MAaCTOBbIX CUCTEM, FE0N0ro-
5KOHOMMUYECKOM OLLEHKMN PeHTabeNbHOCTM M3BeYEHMA MPOMBILLAEHHO LEHHbIX MUKPO3/1EMEHTOB.

KnioueBble cnosa: autuiA, 6pom, CTPOHUMIA, WMOA, BbICOKOMUHEPA/NM3OBAHHbIE  PACcCOsbl,
cybrmapoctatMyeckne naacToBble AaBAEHUA, TMAPOANHAMMYECKME MOTEHUManbl, BEHA-KeMbpuinckune
OTNOXKEHUA, TeppPUreHHo-KapboHaTHbIM Komnnekc, BoctouyHana Cnbupb

P4 CesocTbaHOBa Po3anuna denoposHa, rose_sevos@mail.ru
© CeBocTtbaHoBa P.®., Abykosa J1.A., 2025
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®duHaHcMpoBaHue: paboTa BbiMOJIHEHA B pamKax rocygapcrBeHHoro 3agaHus UMHI CO PAH (Tema
Ne 125020301277-6) u UMHI PAH (Tema Ne 125021302095-2).

Ona uutnpoBaHua: CesocmoesHosa P.®., Abykosa /1.A. Tngporeonornyeckne ycioBus MoACONEBOrO

3TaXa MMpHVIHCKOI'O cBoga C I'IO3MLI,MI\;1

MCNOb30BaHNA  NNAaCTOBbIX BOA KaK UCTOYHUKaA

rmapoMmHepanbHoro cbipbs // AKTyanbHble npobnembl HedTM M rasa. 2025. T.16, Ne 1. C.36-49.

https://doi.org/10.29222/ipng.2078-5712.2025.06

BeepeHue

MUpHUHCKHMI CBOJ, PACIOJIOKCHHBIA B
npenenax Hencko-boTyoOMHCKOW — aHTEKIU3BI
Cubupckoir maThopMbl, TIO TEKTOHHYECKUM,
JIUTOJIOTHYECKUM,  reo(IIONI0AMHAMUYECKIM
KpUTEpHSM TIPU3HAETCS OJHUM U3 Hambojee
MEPCIIEKTUBHBIX T'€OJOTMYECKUX PErHOHOB IO
OCBOCHHIO  YIJIEBOAOPOAHOTO  IOTEHIHANA.
31ech OTKPBIT DS KPYHHBIX MECTOPOKICHUI
yrineBojoponoB  (YB), ycraHoBineHo, dTO
TUTACTOBbIE BOJBI OOOTALICHBI MPOMBIILIEHHO
LEHHBIMU KOMIIOHEHTAMH.

Ocamounbeli 9eXO0J, COCTOSIIMA W3 Hal-
COJIEBOTO M TOJCOJIEBOTO THIPOT€0JIOrNYECKIX
JTaXked, B paspe3e Ooyee MATH MPOTYyKTHUBHBIX
KOMIUIEKCOB, XapaKTepU3yeTcs MOBCEMECTHBIM
pacipoCTpaHEHHEM BBICOKOMHHEPAIN30BaHHBIX
paccoioB C BBICOKHM COJIEpP)KaHHUEM COJIeH |
IIeIOYHBIX ~ MeTaiuioB.  [loa3emHble  BOJBI
ri1yOOKO3aJeralomux BeH-HIKHEKEMOPHICKUX
NPOAYKTHBHBIX  TOPHU30HTOB  IPEICTABIISAIOT
MIPOMBIIIIIEHHBIH WHTepec B KauecTBe
MCTOYHHKA MUHEPAILHOTO CBHIPBSI.

Llenpto paboTbl sBISIETCS  JETalIbHBINA
TUAPOJUHAMUYECKAH W THIPOXMMHYECKHUI
aHaM3 O0COOEHHOCTE XHMHYECKOTO COCTaBa

n JUHaMHKHU IIaCTOBBIX BOM, KOTOPBKIC

MOTYT paccMaTpuBaThCs B KauecTBe
TUAPOMHUHEPAILHOTO CHIPHSI.

Martepuanbl u metoabl

B OCHOBY paboTsI MOJIOKEHBI
(dakTHyeckue  JaHHBIS 1o IJTACTOBBIM

JIaBJICHMSIM, TUAPOXHUMHYCCKOMY COCTaBy
MOJ3EMHBIX BOJ, COOpaHHbIE M3 OIyOJHKO-
BaHHBIX HWCTOYHHKOB, a TaKXe (OHIOBBIX

marepuaioB OAO «Caxanedterasy, III'O

«Jlenanedrerasreonorus», AQO «Skyrckreo-
¢usuka», AUT'H CO PAH, UTTHI" CO PAH.
MeToapl  MCCICHOBAaHUS: CTaHIAAPTHBIC

METO/TBI 00paboTkun TUAPOXUMHUICCKHAX
MaTepHajoB,  THAPOXUMHUYECKOE  MOAETH-
poBaHHE, pacyeThl TUAPOANHAMHUYCCKUX
HOTEHIIHAJIOB.

Pe3ynbTaTbl M 06CyXKAEHME

Kpamkue ceedeHus o cmpamugukayuu
no0coneeo20 2udpo2eos102u4ecKo20
amanica MupHUHCKO20 c800a

Ha MupHuHCKOM CBOAE — CTPYKType

TIEPBOTrO mopsinka  Hemcko-boryoOunckoi
antekmu3sl (HBA) Cubupckoii mnardopmbl —
Oozee 10

YB — Cpenneboryobunckoe, Taac-lOpsixckoe,

OTKPBITHL MeCTOpO)KI[eHI/Iﬁ

Wpensxckoe, MupHuHCKOE 51 Ipyrue
He()Tera30KoHICHCATHbIC
(HI'KM), cm. puc. 1.

B  pa3spese moaconeBoro - 3Taxka

MECTOPOKICHIS

UCCIIEyEeMOM TEPPUTOPUM BBLACIAIOTCS IISITH
THIPOTEO0JOTHUECKUX KOMITJIEKCOB: BEHICKUIA,
HWKHEKEMOPHUICKUIT ~ TIOICONIEBOW,  HIDKHE-
KeMOpHUIICKMII ~ MEXKCOJIEBOH, HW)KHE-CpellHe-
KeMOpHUIICKMHA M BepXHEKeMOPHUHCKUI-IOPCKUI
[1].

Bce mecropoxaenns YB pacnosioxeHsl B
HIDKHEKEMOPHUHCKOM M BEHJICKOM IOJCOJIEBBIX
THIPOTe0JI0rMUECKUX KoMIUIekcax. OCHOBHBIMU
MPOAYKTUBHBIMH TOPH30HTAMH C TPOMBIILIEH-
HBIMH HW3BJIEKAEMBIMH 3allacaMi  SIBIAIOTCA
OCHUHCKHMI (HWXKHeKeMOpuicKuil) 1 00yTOOMH-
ckuii  (BeHackuii). B ceBepHoii  wacth
MUpPHUHCKOIO CBOAA MPOAYKTHBEH YJaXaHCKUI
(Benxckuit) ropu3oHT [2].
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YcnoBHble 0603HaueHUA: 1 — HaanNopAAKOBbIE CTPYKTYPbI; 2 — CTPYKTYPbl NEPBOro NopAaKa;

3 — TEKTOHMYeCKMe HapyweHua (no matepuanam AO «fKyTCKreopusmkar);
4 — mecTopoxaeHua YB: 1 — KOxHo-Clonbatokapckoe HIKM, 2 — MauyyobuHckoe HTKM,
3 — MupHuHcKoe HI'M, 4 — Upenaxckoe HFKM, 5 — CeBepo-HenbuHckoe HIKM,
6 — HenbuHckoe HFKM, 7 — CtaHaxckoe HIM, 8 — Ky6anaxckoe HIKM,
9 — CpeagHeboTyobmnHCcKoe HIKM, 10 — Taac-tOpaxckoe HIKM,
11 — bac-lOpsaxckoe 'M, 12 — UkTexckoe HIKM, 13 — BepxHeBuntoyaHckoe HIKM,
14 — Buntolicko-[xkepbuHckoe M, 15 — Unrbiyaxckoe KM, 16 — Brokckoe KM,
17 — YaaHauHcKkoe HIKM;
5 — Kpyr: 4nMcanTenb — MMHepanu3aLma nnactosbix sog, (8 r/amd),
3HameHaTenb — rnybuHa otbopa (m)

Puc. 1. O630pHasn KapTa AKYTCKOM YacT Hencko-boTyobuHCKOM aHTEKIU3bI

Fig. 1. Overview map of the Yakut part of the Nepa-Botuoba anteclise

UcmoyHuk: no matepunanam UMHI CO PAH, AO «fAKyTcKreopmsmKa»
Source: based on research by IPNG SB RAS and Yakutskgeofizika JSC

FudpoduHamuyeckaa o6cmaHosKa
noocosee020 2udpo2eos102u4ecKo20
amaxca MupHUHCcKo20 ceoda

B

ZU()pOZeOJZOZM‘leCKOM Kommnjiekce 11aCTOBBIC daB-

HUICHEKeMOPULICKOM — NOOCOIe80M
JIeHUsT OJTU3KK K TUAPOCTATHYECKUM 3HAYCHUSIM
(tabn. 1): Ha rmybunax 1450-1550 m nmacroBoe
Japnenue cocrasiser 13,9-15,8 MIIa [1].

OnHako OCHOBHOM 0COOCHHOCTBIO

IIOJCOJIEBOIO TUAPOreoJIOTNICCKOTO 9TaXxa
SABJIACTCA TIPOSBJIICHUC CY6FI/II[pOCTaTI/I‘-ICCKOFO

IJIaCTOBOTO JaBJICHMA. ﬂe(bI/II_II/IT IJ1aCTOBOT'O

JaBJICHUS Ha TAaKHUX MECTOPOXIACHUAX,
kak Cpeaneboryobunckoe, Taac-tOpsxckoe,
Hpensixckoe, OKa3bIBacTCs BechbMa CYIIECT-

BEHHBIM [3].

38



AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025

http://oilgasjournal.ru

Tabn. 1. Tepmobapuyeckme nokasaTenn NPoAYKTUBHbIX rOPU3oHTOB MUPHUHCKOrO CBOAA

Table 1. Thermobaric indices of productive horizons of the Mirny arch

MecToporkaeHna Bospact InybuHa MnacTtosoe KoadpdpuumeHt MnacToBan
3aneraHus, JaBneHue, aHomasb- TemnepaTypa,
M MMa HOCTH °C
CpepHeb0TyobunHCcKoe HIKM €1 1450-1550 13,9-15,8 0,95-1,01 +8
\" 1875-1925 14-14,4 0,7 +12-14
\Y 1917-1960 14,1 0,65 +13
Taac-HOpsaxckoe HTKM Y 1602-1951 13,9-14,2 0,7-0,8 +10,8-11
\Y 1914-1984 13,9-14,6 0,7 +9-11,2
Upenaxckoe HTKM \ 2110-2198 13,7-15,8 0,6-0,7 +12-14
Vv 2125-2180 14,1-16 0,7 +12-14
CeBepo-HenbuHckoe HIKM Y 2031-2083 14,7 0,71 +10
MayuobuHckoe HFKM Y 2104-2155 15,4 0,72 +11
\Y 2154-2190 15,3 0,7 +11

UcmouHuk: no maTtepmanam N0 «JleHaHedTerasreonorna», OAO «CaxaHedTeras»
Source: based on research by Lenaneftegazgeologiya PGA and Sakhaneftegaz 0JSC

DTO  XapakTepHO  UII  BEHOCKO20
2UOP02e0NI02UYecKo20 KoMnieKcd, Ha TIIyOnHax
1917-1960 m IJIACTOBBIE JIaBJICHUS
cocrapisitor 14,1 MIla  (cm.  T1abm. 1)
[1,4]. Tlpu »rom BenuumHa jAeduIMTa
MJIaCTOBOTO JTABJICHUS HapacTaeT
¢ DIyOMHOW, O YeM TOBOPAT  3HadYe-
HUS TUIPOIUHAMHYECKUX MOTCHITNAJIOB,
MOJICYUTAHHBIX o OCHHCKOMY u

g — YCKOpeHHe CBOOOJHOTO MaJCHUs, PaBHOE

9,8 m/c?.

B cyOrumpocratmueckux
Ha  TEPPUTOPHH

TUAPOAUHAMHUYCCKUE ITOTCHIIHAJIbI

BOJIBI

9Taxa

IOJCOJIEBOTO

U3MCHAKOTCA

MupHUHCKOrO

oT

THIPOTE0JIOTMYECKOTO
1267 m?%/c?

no —4263,4 m?/c’> Ha aOCONIOTHBIX OTMETKax

or —1141,9 nmo —1570 m. EcrecTBeHHO, YTO

YCIIOBHUSAX
CBOJIa
IJ1aCTOBOH

00TYOOMHCKOMY IPOAYKTHBHBIM T'OPH30HTaM

Maugobunckoro u  CpenHeOOTyOOMHCKOTO
HI'KM C MPUMEHEHUEM METOIUKHU
M.K. Xab6epra. [loTeHIMaNbHYIO  3HEPrHUIO

(@) B mO6OW TOUKE IIJIACTOBOM CHCTEMBI
M.K. Xa66epT BrIpazui ¢hopmyJioi [S]:

() +P
= “Z+—,
g p

rac Z. — BBICOTA TOYKH OTHOCUTEIHLHOI'O YPOBHA

OTCcUcTa (BOZLOHe(i)THHOf/'I KOHTAaKT, Fa30B0)1§IHOI>i

KOHTAKT);

P - nmmactoBoe naBieHWe, TNPHUBEICHHOE
K YPOBHIO OTCYETA;

p — OTHOCHUTENbHAs IUIOTHOCTh IIJIACTOBOTO

¢dronna  (OTHOCHTENBHO IUIOTHOCTH —YHCTOM

BOJIBI, paBHOI 1,000 r/cm);

TeyeHue (JIFOMIOB HAMPaBJICHO OT OOJBIINX

3HAYCHHUI rUAPOANHAMHUYCCKUX TMOTCHIHAJIOB

K MeHpmMM. Takoil  TpeHO  HU3MEHEHUs
IIOTEHIIAAJIOB B II0JICOJIEBOM THIPO-
reOJIOTHYECKOM JTaxke olecreynBaeT  id

KHUIKUX (a3, IPeKIe BCErO BOAbI, HUCXOIAIIYIO
MUTPAIUIO, JUIS Ta3a, HAPOTHB, BOCXOISILYIO
(Tabm. 2). OtcyTcTBHE AAHHBIX HE ITO3BOJIAIIO

BBITIOJIHUTD [TOIO0HBIN aHAJIN3 [T HEDTH.

Takum oOpasom, B npeenax
MOJICOJIEBOTO  THUAPOTEOJIOTHYECKOT0  3Taxa
reouIonA0ANHAMHYECKAs HEOJJHOPOIHOCTb
o0ycnoBuia peruoHaibHOE IPOSIBIICHHE

JeuuuTa TIIACTOBOrO JaBieHus. Tpedyrorcs
CHeIUANbHBIE HMCCIICAOBAHHUS 110 OOOCHOBAHHUIO
MPUTOKOB IIJIACTOBBIX BOJA W pPEHTAOEIbHOMY
W3BJIEYCHNI0O M3 HHUX MPOMBIIUIEHHO IEHHBIX

KOMIIOHCHTOB.
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Taba. 2. PaccumTaHHble rMAPOANHAMUYECKME NOTEHLMANbI NPOAYKTUBHbBIX TOPU3OHTOB

MmnpHMHCKOro cBoAa

Table 2. Calculated hydrodynamic potentials of productive horizons of the Mirny arch

CKBaXXKunHa AbcC. MnactoBoe MoTeHuman ®, m?/c? MpoAayKTUBHbIN

OTM., M haBneHue, Boaa HedTb a3 rOpPU30HT

MMa

CpepHeboTyobuHCcKasn, 25 -1141,9 15,2 1267 5992,3 - 4 OCUHHCKM#
CpenHeboTyobuHcKasn, 41 -1541,5 14,1 -4224,6 - 53287,2 BoTyobuHCKui
CpegHeboTyobuHcKkas, 54 -1561,4 14,2 -4080,2 - 53934,8 BoTyobuHCKMin
CpepHeboTyobuHcKasn, 25 -1570 14,3 -4263,4 - 54658,4 BoTyobuHCKMi
Mauy4yobuHckas, 20405 -1752,1 15,3 -4884,7 - 56977,5 BoTyobuHCKuin
MayvyobunHcKan, 902 -1736 15,9 -4865,2 ¥ - 58325,9 BoTyobuHCKMi

fudpoxumuyeckue ycnoeus
nodcosnee020 2udpPo2e0n02u4ecKo20
amaxca MupHuHcKo20 ceoda

IInactoBeie BOABI MUPHHUHCKOrO CBOJA
JIPeBHUE — TaKWe, KakK IPaBWIIO, OTIHYAIOTCS
BBICOKMM HACBIIIEHUEM PEIKHUMH 3JEMEHTaMH,
HUMEIOIIUMHU OosbiIoe MIPOMBIIIIEHHOE
3HaueHwe. Psag yuenpix (Anmudepor A.C.,
AnekceeB C.B., bykatel M.b., Baxpomee A.L'.,
Boxos B.U., M3wba A.A., Kpaitnos C.P.,
PwpKeHKO bB.H., JIuTBUHOBA n.B.,
Houko JI.A., IlBapuee C.JI. u np.)
MOCBSITHJIM  CBOM  WCCIIEZIOBaHUS  OIICHKE
MUHEpPAJbHOrO TOTEHIMajda TOA3EMHBIX BOJ
Bocrounoit Cubupu [6-8], B YacTHOCTH,
TUTACTOBBIX ~ BOA ~ MUPHUHCKOTO  CBOJA.
AHaNornyHbBIe MCCIIEIOBAHUS MPOBEEHBI U IO
JIpyrumM pernonam mupa [9—-11].

BaxxHO OTMETHTB, YTO K HACTOAIIEMY
BpEMEHH pa3pabOoTaHO HECKOJBKO TEXHOJOTHMA
W3BJIICYCHUS U3 TUIACTOBBIX BOJ TaKUX I[EHHBIX

KOMIIOHEHTOB, KakK JHTHii'

, pyOmawmii, Opom,
CTpOHIWH, Hon u ap. [12].
IInactoBeie BOJBI KapboHamHo20

HUJICHEKeMOPULCKO20 2UOP0O2e0N02U4ecK020

' Caxabymounos P.3, TI'ybauioynun D.P.,
Kyopawosa JILB. wm np. Ilar. RU 2720420 C1.
Croco® COpOIMOHHOTO W3BJIICYCHUS JIUTUS U3
muTuiicogepxamux pacconoB. Ne 2019113881;
3asBin.  06.05.2019;  Omy6n.  29.04.2020 //
N3o6perenus. [lomeznsie momenu. 2020. brom. Ne 13.
7c.

KOMNJIeKca UMEIOT BBICOKYI0 MUHEpPaIU3alHIo
(mo 480-550 r/mM’) M ABAAIOTCA CHUIIBHO
MeTaMOp(pHU30BaHHBIMHA PacCcOJIaMH  XJIOPHU-
HO-KaJIbLIMEBOI'O COCTABA C BBICOKMM COZEp-
xanuem opoma. Koaddumment rNa/rCl umeer
TEHIEHIIMI0O K YMEHBUICHUIO C TIyOMHOM
JI0 YHUKAJIbHO HU3KUX 3Ha4eHUH (puc. 2).

Na’rCl
0,0 0,5 1,0

-1865 _ 022
-1952 _ 020

-1973,5 _ 023

-1984 P
-1999,5 h 0,15

Puc. 2. PacnpeaeneHune ruaporeoxmmmn4eckoro
KoapdpuumenrTa rNa/rCl Taac-tOpaxckoro HFKM

[nyGuna, m

—
O
(=2}
=
n

Fig. 2. Distribution of the hydrogeochemical
coefficient rNa/rCl of the Taas-Yuryakh oil and gas
condensate field

UcmouHuk: no matepuanam Nro «J/leHaHedreras-
reonorua»

Source: based on research by Lenaneftegazgeologiya
PGA
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Bonsr  GeccymbartHeie € BBICOKHM
comepxkanneM Opoma (3000 wmr/mm®), kanms
(5000 wmr/mv®), crponmus  (>1500 wmr/om?),
foma (mo 5-28 mr/aM®) M PENKUX IIEIOYHBIX
3JICMEHTOB.

['a30HACBIIICHHOCTh ~ TUIACTOBOH  BOJBI
400 cM/I1.

OTHOCATCA K

BonopactBopeHHbIe rasbl
METaHOBOMY THUITY,

Ha gomro Merana mpumxomutcs  80-90%,

TSDKETBIX ~ yIiieBomopogoB — Oomee  4%.
W3  HeyrneBOJOPOAHBIX  Ta30B  IPHUCYT-
CTBYIOT azoT (4-11%), renui
(0,06-0,18%), aproH (0,06-0,23%).
Conepxanue  KHCIBIX ~ KOMIIOHEHTOB — HE
YCTaHOBIICHO.

Munepanu3anus TUTACTOBBIX BOJT

BCHOCKO20 MEPPUSEHHO20 KOMNIEKCA TaKxKe
npenenbHO Bhicoka (puc. 3). B paccomax
0OTYOOMHCKOI'O TOPU30HTa B IMPOMBIIIJICHHBIX
KOHIIGHTPAIMAX COJACPKATCSI MHUKPOJIEMEHTHI:
o (mo 13,5 mr/am) u Opom
(mo 5260 mr/mv?).

Kpome TOTO, IUTaCTOBBIE BOJIBI
B MPOMBIIUTIEHHBIX KOHLIEHTpaLUAX
colepKaT  penKhe  JIEMEHThI: JIMTHH —
10  wr/aM®, crponmmii — 2500  mr/am’,
pyoumuit - 3 Mr/am> (tabur. 3).
Cynb(haTHOCTh  PaccoNOB  HE3HAYHTENbHAs,
9TO CBHJCTENBCTBYET O BBICOKOH CTENeHH
MeTaMmoppu3Ma.

ConepxxaHue JUTHST B  IJIACTOBBIX
BOJax Kojebjercs B LIMPOKHMX Ipenenax
Ha Teppuropuu Bceld Bocrounoit Cubupwu.
B  Upkyrckoii obnmactu Ha  Hemcko-
BoryoOunckoii anTeximze 3apUKCHPOBAHBI
KoHIeHTpauuu oT 30 g0 69,6 wmr/am’.
B Pecnyomuke Caxa (SIkytusi) Ha TeppH-
TOpPUH KHUMOEPIUTOBON TpPyOKHm «¥YmauHas»
(HAZCONMEBON  THAPOTEOJOTHYECKAN  ITaXK)
comepxkanue sutus gocturaer 300 mr/mm?
[13, 14].

MusepaTH3amma r oty

320 340 360 380 400
-1920

-1940

-1960

-1980

-2000

IyomnEa, M

-2020

-2040

-2060

-2080

Puc. 3. NpadukK 3aBMCMMOCTN MUHEPANN3ALLUN
OT rNy6buHbI BEHACKOrO TEPPUreHHOro KOMMNJIEKCa
Taac-lOpaxckoro HFKM

Fig. 3. Graph of mineralization dependence on depth
of the Vendian terrigenous complex of
the Taas-Yuryakh oil and gas condensate field

UcmoyHuK: no matepmanam MNIrO «JleHaHedTeras-
reonorusa»

Source: based on research by Lenaneftegazgeologiya
PGA

Konnentpanuss autHga B IOACONEBBIX
OTJIOKEHUAX sKyTcKoi wactu HBA Huzkas, HO
€CTh  JJEMEHTBI,  COJIEp!KAaHUE  KOTOPBIX
CYIIECTBEHHO IMPEBBIIAET MPOMBIIIJICHHBIE
MOKa3aTelIu — 3TO CTPOHLMH, pyouauii u Opom
(cM. Tabm. 3).

Ha puc. 4 npencraBieHbl TpauKu
VM3MEHEHUS] KOHIIEHTPAIMil HEKOTOPBIX JIEMEH-
TOB THJIPOMHUHEPATHHOTO CHIPBS IOJICOJIEBOTO
staxka. CoaepxaHue IUTHSA, pyoumus u
CTPOHLIMSL YBEIMYMBAETCA C TIYyOMHOW NpsSMO

MMPpOMoOpHHUOHAJIbBHO MUHECpAJIU3allUuH.
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Taba. 3. Xumunuyeckuit coctaB naactoBbix Bog Taac-tOpsaxckoro HFKM

Table 3. Chemical composition of formation waters of the Taas-Yuryakh oil and gas condensate field

Cks. NHTepsan, pH MwuHepanusa- CopepaHne MUKPO3/IEMEHTOB,
M ums, mr/am3

r/om3 Sr Li Rb Br |
553 1982-1986 6,02 383,6 3698 6,2 4 6526 -
565 1965-1982 2,1 383,1 1800 13,5 7,8 5239 35,5
576 1950-1954 6,4 354,9 2000 14,4 7,8 5643 3,3
141-05 1934 3,5 324,2 1540 7,8 9,0 4718 6,5
141-04 1970-1975 3,3 350,9 2000 11,7 5,9 4451 9,0
141-03 1997-2002 2,4 377,8 2910 24,0 9,0 6286 8,2
575 2063-2073 4,2 371,3 2800 16,0 3,9 3219 -
577 1960-1975 2,7 338,5 - - - 4527 2,2
141-06 1875-1855 4,1 375,2 2310 10,1 5,7 5420 12,7

UcmouHuk: no gaHHbim OAO «CaxaHedTeras», MO «JleHaHedTerasreonorna»
Source: based on data from Sakhaneftegaz OJSC and Lenaneftegazgeologiya PGA

Fis 3
MI/IM - M/ M
10 20 30 0 ™™ 2000 4000 6000 8000
-1840 -1850
-1860
-1900
-1880
-1950
-1900
2 1020 = 2000
[} a
©
g Z
IE \D
1940 =
[l L -2050
-1960
2100
-1980
2150
2000
2020 2200
——JluTai —-PyOomamii ——fox CTpoHIHit ——Bpom
a/a 6/b

Puc. 4. VI3ameHeHWe coaepraHnA 3N1eMeHTOB C FTy6MHOM B N1aCTOBbIX BOAAX
BEH/CKOro TEPPUreHHOro Komnaekca MUpHUHCKOro cBoAa:
a — T, pybuanii, moa; 6 — cTpoHumMii, bpom

Fig. 4. Elemental content change with depth in formation waters-of
the Vendian terrigenous complex of the Mirny arch:
a — lithium, rubidium, iodine; b — strontium, bromine

UcmouHuk: no maTtepmanam OAO «CaxaHedTeras», 3A0 «UpenaxHedTb», OAO «/leHaHedTeraz»34
Source: based on research by Sakhaneftegaz OJSC, Irelyakhneft CJSC and Lenaneftegaz OJSC
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O6pammarT Ha ce0s BHUMAaHHE
Hu3kue 3HaueHus pH. B ruapoxummyeckom
OTHOIIICHUU B MupHUHCKOM CBOJIE
(UKCUPYIOTCS PE3KO CHIDKCHHBIC ITOKAa3aTelln

pH (tabn. 4). [IlpuunHa CTONb HU3KOTO YPOBHSA

3HAYCHUI BOJOPOJTHOIO TOKa3aTelsl IO KOHIA
He sicHa. BhIcka3pIBaeTCss MHEHHE, YTO MPUYUHA
KpOETCSI B BOCCTAHOBJICHHUM CYJb(aT-HOHA
JI0 CEpOBOJIOPOJIa B PacTBOpE, MPH KOTOPOM

obpasyetcs consiHas kuciora [15].

Tabn. 4. Xummyecknin cocTaB NAacToBbIX BOA NOACONEBOro aTaxa CpeaHeboTyobuHcKkoro HFIKM

Table 4. Chemical composition of formation waters of the subsalt level of
the Srednebotuobinskoye oil and gas condensate field

Cks. MAoTHOCTb, pH MuHepanusaums, cl- S04%~ | HCO3 Ca* Mg?* | Na*+K*
Kr/m? r/om?
r/cm3
6 1,250 4,5 342,7 218433 186 732 88000 10300 | 21296
10 1,276 4,1 380,2 252000 89 1135 91880 15796 | 28287
15 1,262 5 351,1 224116 462 58 82164 11246 | 30182
12 1,251 5,9 340,4 217015 100 48 72400 7539 43290
32 1,285 4,05 338,6 249230 164 61 104709 13376 | 16793
16 1,280 4,4 389 251766 258 12 102000 12160 | 23128

UcmoyHuk: no matepuanam OAO «CaxaHedTeras»

Source: based on research by Sakhaneftegaz OJSC

Ecth u japyroe oOBSICHEHHE CHIDKEHUS

pH, kak crueacrBus  BBICOKOM  HMOHHOH

CUJIBI paccoyibHBIX Boa [16, 17]. HecomuenHo,
BOmpoc  Tpedyer

YTOYHCHUA, IMOCKOJIBKY

OoT AOCTOBCPHBIX 3HAYCHUH BOAOPOAHOIO

HOKa3aTeias BO MHOIOM 3aBHCHUT KadeCTBO
THIPOXMMHYECKOTO MOJCIUPOBAHUS  PACTBO-
peHust (OCaXICHUS) MHUHEPAIBHBIX KOMIIO-
HEHTOB pe3epByapoB MecTopoxkaeHui ¥YB [18].
aHaJIN30B

BrimmonraeHHBIC pacyeThl

TUTACTOBBIX BOJI Cpenne6oTyoOMHCKOTO

MECTOPOXACHHSI ~ TOKa3ald, YTO  BOJIBI,

NpEeXAEe BCEro TEPPUIEHHOTO  KOMILIEKCA,
HEJIOHACHIIIICHBI KapOOHAaTaMH W CyJb(aTaMu
KaJIbI[Usl, YTO TOBOPUT 00 WX CHOCOOHOCTH
BBILLEJIAYMBATE MUHEPAJIbl U3 MaTPHULbI HOPOA-
KOJUIGKTOPOB, YBEIIMYWBAs TaKuM 00pa3oM
00BeM IyCTOTHOTO TIPOCTPAHCTRA.

W3 naHHBIX TaOJI. 5 XOPOIIO BHIHO, YTO,
HECMOTpPST Ha  BBICOKYI0  MHUHEpalu3aluio,
IUTACTOBBIE BOJIBI HE TOJIBKO HEIOHACKIIIEHBI
KapOOHATOM KNI, HO W YCWIMBAKOT 3TO

Ka4eCTBO C TITyOHHOM.

[IposiBisieTcs W TOBBILIEHUWE CTENEHU
HEJOHACBIIICHUS AaHTHAPUTOM C TJIyOHHOM.

Taxkas 0COOEHHOCTH MMOJIBEMHBIX BOJI
SABJISACTCA KOCBC€HHBIM, HO Ba)>XHBIM IIOKa3a-
TEJIEM pPa3BHUTHs IPOIIECCOB BhIMICIaYHMBAHHS

C TITyOUHOM.

llepcnekmusesbl oceoeHusa
2UOPOMUHEpPanbHO20 Cbipbsa
8 npedenax MupHUHCKo20 ceoda

Kak CJICAYCT U3 IMPOBCACHHOI'O aHAJIM3a,

OA3EMHBIE BOJbI Ty OOKOTIOTPYKEHHBIX

OOBEKTOB, HAXOMIIIMECS  IOJ  BIMSHUEM

TeOXUMHUECKUX (DAKTOPOB MOBBIIEHUS 00beMa
IIyCTOTHOT'O

IPOCTPAHCTBA  PE3EPBYapoB,

MNpEACTABIIAIOT 0COOBIH HUHTCPEC [UIA aHajin3a

NPUTOAHOCTH BOJ BBICTYaTh B KauecTBe
THIPOMHMHEpANbHOrO  chipbsi.  [lo  Mepe
yriayoneHus 00TYOOMHCKOTO KOMIUIEKCa

COACpKAHUEC B BOJax IMPOMBIIIJIICHHO HIEHHBIX

KOMIIOHEHTOB ~ OyJaeT Bo3pacTarh, MpUYEM

CHHXPOHHO €  YJy4YlIEHUEM  €MKOCTHO-

(GUIBTPAIIMOHHBIX CBOHCTB pE3€PBYapOB.
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Tabn. 5. Pe3ynbTaThl pacyeToB cTeneHn coneotnoxeHnin CaCOs n CaSO4 M3 NPOMBICIOBbLIX BOZ,

noaconesoro CpeaHeb6oTyobuHcKkoro HIKM

Table 5. Results of calculations of the degree of salt deposition of CaCO3; and CaSO4 from the production
waters of the subsalt Srednebotuobinskoye oil and gas condensate field

Cka. MHTepBan S S MwuHepanusauyms, lfopusoHT
oTbopa, M CaCOs3 CaS04 r/om3
23 1903-1908 0,00 -0,34 338,7 BOTYOBUHCKM
15 1905,6—-1912 -0,75 0,72 351,1 BoTyobuHCKMi
12 1902-1925,8 -0,09 -0,04 340,4 BoTyobuHCKMi
32 1926 -1,33 0,45 338,6 BoTyobuHCKMi
16 1946-1952 -1,70 0,64 389 BoTyobuHCKMi
MpumeyvaHue: napameTpbl mogenu: Pnn = 10+15 MMa, Tna = 0+20 °C, pH =5,4.
UcmouHuk: no matepnanam OAO «CaxaHedTeras», MMMO «J/leHaHedTerasreonorma»
Source: based on research by Sakhaneftegaz OJSC and Lenaneftegazgeologiya PGA
Ha »TOi1 OCHOBE MOXKHO CYHTaTh, YTO U TUAPOMHUHEPAIIBHOTO CBHIpb Ha  MECTO-
MEPBOOYEPEIHBIM OOBEKTOM JIJISI TOCTAaHOBKH POXKAEHUSAX  YIJIEBOJOPOJIOB  MUPHUHCKOIO
CIIEIHAJIbHBIX  HCCIEOOBAaHMM II0  OIIEHKE CcBOJA, HaXOSIINXCS Ha pa3HBIX
MHUHEPAIBHOIO MOTEHIMaNa IUIACTOBBIX BOJ ctaiuax  paspaboTku; (2) paHXHpOBaHHE
Ha MWUpPHUHCKOM CBOAEe OyJneT BEHJCKHIA MECTOPOXKAEHUH TIO  TMEpPCIEKTUBHOCTH U
THIIPOTEOJIOTHUYECKHH KOMIUIEKC (00TyOONHCKHIA TEXHUYECKON BO3MOXKHOCTH U3BJICYCHUS

ropu3oHT). Ilockombky wmectopoxaeHus YB

MupHHUHCKOTO cBOZA XapaKTEePU3YIOTCs

paBJ’IOMHO—6J’IOKOBLIM CTPOCHHUEM, a TaKXe

3HAYUTEIILHOMN reoIFON 0 AMHAMUYECKON
HEOJIHOPOJIHOCTHIO, TOSBIISIETCS BO3MOYKHOCTD
BECTH OJHOBPEMEHHYIO HE3aBHUCHUMYIO IOOBIYY
YIJIEBOJOPOAHOIO u TUAPOMUHEPATBHOTO
CBHIPBsI, a TAKOKE peliaTh MpodIeMy yTHIIM3AITIN

OTpa6OTaHHI)IX BOA B MECTHBIX YCJIOBHUAX.

BbiBoAbI
Ha MupHuHCKOM  CBOAE, HECMOTpS
Ha  [IOBBIIICHHBIE  KOHILIEHTpaUuu  psaa

IMPOMBIIIJICHHO HCHHBIX KOMIIOHCHTOB, BOIIPOC

0 1eJIeCO00Pa3HOCTH ux W3BJICUCHUSA
U3 TOA3EMHBIX BOJ| TPeOyeT JOMOJHUTEIHHOTO
n3ydeHus. B 1memomM mocTaHoOBKa CIEIHATBHBIX
WCCJICIOBAHNM, HAMPABICHHBIX HAa W3YYCHUE
MUHEPAIbHOrO0 MOTEHIMAla TMOJI3EMHBIX BOJ
MupHUHCKOTO  CBOJa,  MOXET  IPUBECTH
K BOKHBIM HAYYHO-TIPAKTUICCKUM pPE3yJbTaTaM,
K KOTOpeIM MOXXHO oTHecTH: (1) dopmupo-
BaHUE YUCTOU

KOHICTIITUH OKOJOTUYCCKU

U OJIHOBPEMEHHOW JIOOBIYU YTIIEBOJOPOIHOTO

MPOMBIIIJICHHO [EHHBIX KOMIIOHEHTOB MOIMYT-
HBIX BOa; (3) 0OOCHOBaHHME BO3MOXKHOCTEH
MECTHOTO 3aXOpPOHEHHsI OTPa0OTAHHBIX BOJ

Ha OCHOBC aHaJin3a pacnpeaciacHud

moJiei THAPOANHAMUYCCKUX IIOTCHIIMAJIOB

M0  OTHEJIBHBIM  TEKTOHMYECKMM  OJloKaM
pa3pabaThiBaeéMbIX MECTOPOXAeHUH; (4) aHAN3
MPUMEHUMOCTH MHPOBOTO W OTEYECTBEHHOTO
OMbITa W3BJICYCHUS] TPOMBIIUICHHO IIEHHBIX
KOMIIOHEHTOB M3 IUIACTOBBIX U IOIYTHBIX
BOJ pa3padaTblBaeMbIX MeECTOpOXaeHnH YB;

)

TaJIbHBIX u

anpoGauym (Ha OCHOBC  SKCIICPHUMCH-

MOJIEBBIX ~ paboOT)  OCHOBHBIX
TEXHOJIOTHUECKUX OTepanuii T0 IOCiIeI0Ba-
TEIbHOMY H3BIICYCHUIO IICHHBIX KOMIIOHEHTOB
MPHUPOJIHBIX W TOMYTHBIX BOM; (6) MPOrHO3
BPEMEHHOW  yCTOWYMBOCTHM  KOHIEHTpaluin
Ne(UIUTHBIX pPEAKUX METauIoB U JIeOHUTOB
MPUPOIHBIX W TIOMYTHBIX BOJ Ha OTICITHHBIX

(7

aHaJInu3 pCHTa6eHLHOCTI/I W3BJICUCHUA 1ICHHBIX

IMPOMBICJTIAX; re0JI0r0-3KOHOMUYSCKUH

KOMIIOHCHTOB IHOA3EMHBIX BOJ, IIpcABapu-
TEJIbHAasA OI€HKa HOMCHKJIATYPbI HOTGHHH&J’[BHOI:I

KOHEYHOH NMPOJYKIHH.
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Hydrogeological conditions of the subsalt level of the Mirny arch
from the standpoint of using formation waters as a source of
hydromineral raw materials
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Abstract. Background. Increasing the profitability of oil and gas fields at the late stages of their life cycle
requires the involvement of additional technological solutions for the development of the mineral and
energy potential of the geological environment. One of the affordable, low-cost, geologically and
economically justified solutions may be the extraction of strategically important components from
groundwater infiltrating the deposit in the course of reservoir pressure drop. Objective. To analyze the
hydrogeological conditions of the Mirny arch as a region within which combined extraction of
hydrocarbons and industrially valuable components of formation waters is possible. Materials and
methods. The study drew on the factual data on formation pressures, hydrochemical composition of
groundwater of the Mirny arch, which has a high oil and gas potential, as well as the possibility of
developing hydromineral resources. Standard methods of processing hydrochemical materials,
hydrochemical modeling, calculations of hydrodynamic potentials were used. Results. The main features
of the dynamics and composition of groundwater in the Mirny arch, which can be used as hydromineral
raw materials, were identified. The waters of the Vendean complex were noted to contain iodine (up to
13.5 mg/dm3) and bromine (up to 5,260 mg/dm3), lithium (up to 10 mg/dm3), strontium (up to
2,500 mg/dm?3) and rubidium (up to 3 mg/dm3) in commercially viable concentrations. Conclusions.
Significantly, the hydrocarbon fields of the Mirny arch exhibit sharp geofluid dynamic heterogeneity due
to tectonic blockiness. This allows simultaneous independent production of hydrocarbon and
hydromineral raw materials, as well as solving the problem of utilization of waste water in local conditions.
For a full scientific substantiation of the prospects for using the groundwater of the Mirny Dome deposits
as hydromineral raw materials, it is necessary to develop and implement a program of detailed work to
clarify the hydrochemical and hydrodynamic parameters of the reservoir systems, as well as geological and
economic assessment of the profitability of extraction of industrially valuable trace elements.

Keywords: lithium, bromine, strontium, iodine, highly mineralized brines, subhydrostatic reservoir
pressures, hydrodynamic potentials, Vendian—Cambrian deposits, terrigenous-carbonate complex,
Eastern Siberia
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaA cTaTbA
YK 622.279 (470.56)
https://doi.org/10.29222/ipng.2078-5712.2025.02

K Bonpocy o reonoro-TexHonorm4yecknx npeanocbiikax
MacCOBOro BOA0NPOABAEHUA B ra30BbIX CKBaXXUHAX
OpeHbyprckoro HepTerasoKOHAEHCaTHOrO MeCTOPOXKAeHUA

[0.B. CypHaués DX
MHcTuTyT Nnpobnem HedTn 1 rasa PAH, Poccun, 119333, MockBa, yAa. lybKuHa, 4. 3

AHHOTauuA. AkmyansHocme. MNpu OTCYTCTBUM reon0rMyeckn 060CHOBAHHOMO MeXaHM3Ma BHeAPEeHUs
BOAbl B ra3soBYlO 3aNeXb M YBEPEHHOW anpuUOPHOM /IOKaAU3auMmn MNoTeHUManbHbIX 30H 06BOAHEHUSA
aflanTaumio rMapoanHaMMYecKnX mogenei NpUxXoanTca NPOBOAUTL /LB NO CKBAaXKMHHbBIM AaHHbIM, YTO
B/eYeT 3a coboi BbICOKYIO CTeneHb HeonpeaeneHHocTw. Lleas pabomel. CHUXKEHME NPOrHOCTUYECKUX
PUCKOB Mpu BblbOpe y4yacTKa OMbITHO-MPOMbILW/IEHHbIX PAboT MO YBE/NMYEHUID KOMMOHEHTOOTAauM
MECTOPOXKAeHMUA (B TOM uucae 3a CYET WM3BJeYEHUS «MATPUYHON» HepTU ero rasoBoi 4YacTu).
Mamepuanel u mMemoOsbl. AHAaNU3 TEONOTUYECKMX W TEXHONIOTMYECKMX MPEANnoCbIIOK MacCOBOrO
npexaeBpemeHHoro (No CpaBHEHUIO C PAaHHUMWM MNPOEKTHbIMU [AOKYMEHTaMM) BOAOMNPOABAEHUA
B Tra3oBblX CKBaXKMHax OpeHbyprckoro HedTerasoKoHAEHCATHOr0 MECTOPOXKAEHUA C  MNo3vuuu
COBPEMEHHbIX reoAMHAMUYECKMX MPOLECCOB, PA3BMBAIOWMNXCA B KAPOOHATHOM KO/INEKTOPE C BbICOKOW
cTeneHbo BUTYMUHO3HOCTU, MPUHLMNNAJIbHOE TMAPOAMHAMUYECKOE MOAENMPOoBaHME. Pe3ysbmamel.
MoHMMaHWe reosI0rMYeckoro pasHoobpasmsa MeXaHM3MOB, NPUBOAALLMUX K BOLONPOABIEHUAM B ra3oBbIX
CKBaKMHax OpeHObyprckoro HedTerasokoHAEHCAaTHOrO MEeCTOPOXAEHMA, NO3BOMAET C€034aTb Habop
NPUHLMNNANBHBIX TMAPOAMHAMUYECKUX MOLENEN ANA Pa3/IUYHbIX YYACTKOB 3a/eW. ITO CHUNKaeT
HeonpeaeneHHOCTb B MAEHTUPMKALMN OCTATOYHbIX SIOKANbHO 3alleMAeHHbIX 06beMOB rasa 1 ypoBeHb
pUCKa B C/lyyae HeHag/exalwero Bblbopa yyacTka Ana peanusauuu OnbITHO-MPOMbIWEHHbIX paboT
No YBE/JMYEHUIO KOMMOHEHTOOTAAun. Beieodel. [peanonaraerca, 4UTO TPUITEPOM  PA3/IUYHbIX
MEXaHU3MOB OOBOAHEHMA CKBAXXMH MNOCAYXWMAM MNOMbITKM  CO34aHMA  B3PbIBHbIM  CNocobom
KOHAEHCATOXPaHMAMW,A HaKaHyHe pa3paboTku, Ha 3Tane obycTpoicTBa HedTerasoKoHAEHCATHOro
MECTOPOXKAEHUSA, B KYHTYPCKMUX CONAX NMOKPbIWKK LleHTpanbHOro Kynona.

KntoueBble cnosa: He¢Tera30KOHp,eHcaTHoe MecTopoXageHne, rasosble CKBa*XMHbl, KOMMOHEHTOOTAA4a,
BoaonpoAasneHne, CUCTteMbl TEKTOHUYECKUX HapyLLIEHMﬁ, 30HbI TPEWMHOBATOCTMH, 6MTyMMHO3HOCTb
nopoAabl, 0OCTaTo4HaA BOAOHACbLIWLEHHOCTb

duHaHcMpoBaHMe: paboTa BbINOMHEHA B pamKax rocygapctBeHHoro 3aaaHua WMMHE PAH (tema
Ne 125020501405-1).

< Cypraués Amutpuii Bragummnposmuy, d_surnachev@mail.ru
© CypHaués [.B., 2025
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BeepeHue

Coycts mourm 50  jer  mocne
Havanma  A00bam  OpeHOyprckoe — HedTe-
ra3okonaeHcarnoe mectopokaenue (OHI'KM)
HaxXO#UTCSI MO  CyTH  Ha  TOCIeTHEeH
cTauu pa3paboTKH cBOCH OCHOBHOH

ra30KOHCHCATHOM 3aJICXKH, HO BOIIpPOC

0 r€0JIOr0-TEXHOIOTHIECKUX MIPUYMHAX
BOJOIPOSIBIICHUS pasHoii CTETIeH!
MHTEHCHUBHOCTH B  Ta30BBIX  CKB&XMHAX

MO-TIPEXKHEMY OCTAETCs AUCKYCCUOHHBIM.

Ilenpto pabOTBI  SBJIACTCS  CHUXKCHUE
NPOTHOCTUYECKHX  PUCKOB  TIpH  BBIOOpE
y4acTka OTIBITHO-TIPOMBIIIJIEHHBIX pabor
o YBEITUYEHUIO KOMITOHEHTOOT/Iauu
MECTOPOXAEHHs (B TOM 4HCIE 3a CYET
M3BJICYCHUS] «MAaTPUYHON» HE(TH ero ra3oBou
yactu). OTo TeM 0ojee BaXXHO, ITOCKOJBKY
TEXHOJOIWs  Takux paboT  mpeamojaraer
MOTIEPEMEHHYI0  3aKauyKy B HarHeTaTelbHbIe
CKBRXUHBI YIJIEBOJIOPOJHOTO PACTBOPHUTENS U
OCYILIEHHOI'O I'a3a.

3ameTuM, dYTO OOCYXJECHHE pOIH U
3HAUEHHUs TEOJIOTUYECKUX (HAKTOPOB B ITUX
npoleccax BeAeTCs MpakTuuecku Oe3 mepepnia
HaunHag c¢ 1980-x TIr, T €. OpaKTUYECKU
c Hayana pa3paboTku u Hayana
MHTEHCHUBHBIX BOJIOTIPUTOKOB B psne
CKBOXMH B TpHUCBOAOBOH (paiion VYKIII'-2),
a BITOCJICZICTBHH u ceBepo-3amnaHon
KpaeBoii uactu llentpampHoro xymoma [1, 2],
OHAKO TEO0JIOTO-TEXHOJOTHYECKHE TPUYNHBI
BOJIOTIPUTOKA, MEXAHU3MBl U 3aKOHOMEPHOCTH
BBIJICJIEHUsI 30H TMOCTYIUIEHHWsT B paspada-
TBIBAEMYIO 3ajJeXb Boabl B LleHTpanbHOM

kynonte OHI'KM ocrarotcs uw  mo cei

IIeHb TPOSICHEHHBIMH HE 10 KoHma [3,4].
B uacTHOCTH, OCTaeTcsi OTKPBITHIM BOIPOC
0 COOTHOUICHWH OOBOAHEHUS  KpaeBbIMH
3aKOHTYPHBIMH  BOJaMH IO TaKk  Ha3bl-
BAaEMBIM «CYTEPKOJUIEKTOpaM»  (CBEPXBBICOKO-
IMPpOHNIIaCMbIM HWHTCPBAJIaM IIOPOBBIX
KOJUIGKTOPOB) ¥ OOBOJHEHHIO TIOIOIIBEHHOM
BOJOH II0 CHCTEME MAaKpO- M MHKPOTPELIMH
(5, 6].

JelicTBUTENbHO, B MPUCBOJOBOM 30HE
HentpansHoro kynmona OHI'KM, B okpecTHOCTH
TMEPBLIX HCTOPHUYCCKHU O6BOI[HI/IBHH/IXC$1

B Il  obbekre  pa3paboTkm  Tra3oBBIX
ckBakuH paiiona VYKIII'-2, B akTyadbHBIX
T€0JIOTO-THIPOINHAMUYIECKUX MOJEISAX IO CHIO
MOPY OTCYTCTBYIOT Kakue-Tu00 HapyIICHUs.
3HaunTenbHble (¢ nebutamMMm B IEpBBIC
JIECATKA M>/CyT) TPUTOKH BOIBI B MEPBBIX
J0OBIBAIOIINX CKBa)XKMHaX CTallu  TaM
HaOmomarbest, HaumHas ¢ 19771, depes
rof-/[Ba IOCIe ITycKa WX B DKCIUTyaTaluro,
9T0  pe3K0  MPOTHBOPEUHIIO  AKTyalbHBIM
Ha TOT MOMEHT MPOEKTHBIM JOKYMEHTaM.
Uepes  HECKOJIBKO JIET  IOCNe  3alycka
CTaJli WHTEHCUBHO OOBONHATBCS  CKBAKHUHBI
Bo Il oObekre pa3paboTku, MPOOYpPEHHBIE
B ceBepo-zamagHoi uactu  LleHTpanbHOTO
KyTIoJa.

B T0 e camoe BpeMs Oosblias
rpyrmna CKBaXKUH, CKOHIICHTPHUPOBaHHAS
B OCHOBHOM B  BOCTOYHOW  TIOJIOBHHE
LlenTpanpHOro KyIosa, aBaja Ha MPOTSDKCHUN
WCTOPUH pa3padOTKH YMEPEHHBIH M CTaOMUIbHBIN
nebutr 1mo BoA€ B MEpBbIE  €AMHUIBI,
or 1 mo 5 M/cyr, BHE 3aBHCHMOCTH

OT IPEHUPYEMOTO 00BEKTa Pa3pabOTKH.
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Jomu Takux «mIpoONEeMHBIX» CKBa)KUH
COCTaBJISIOT OKOJIO TpeTu BCETO
3KCIUTyaTalliOHHOTO tdonna, npuveM
pacmpesneneHre WX IO IUIOUIaJd  BEchMa
HEPABHOMEPHO.

Hecmotps Ha eI pan
NPEALIECTBYIOINX  UCCICNOBAaHUHM, NPHHLU-
MHUAIbHBII MEXaHHU3M BEPTUKAJIBHO-
JaTepa’ibHOTO  OOBONHEHMS,  HCIOJIb3YyEeMbIi
B HacrosAuiee BpeMs  Ia30100bIBAIOIINM
NpEeNNpUsTHEM, II0KAa HE HMEET  CBOEH
TeOJIOTHUECKH  OOOCHOBAaHHOW  JIOKAJTU3aIMH
U HE MOXET OOBACHUTh HaOIIOAaeMylo
Ha  TPOMEICTE TPYIIHUPOBKY  CKBaKHH
C UHTCHCUBHBIMH M YMEPEHHBIMH NPHUTOKAMHU
IIACTOBON BOJBI.

Tak, HeOmpeneneHHOCTb B  WACHTH-
¢ukaruu creneHn OOBOMHEHHS  KOJUIEKTOpA
W JIOKaJbHO 3allleMJICHHBIX OOBEMOB raza u
BBIMABIIETO B IIJJacTe KOHJEHcara MOXeT
CKa3aTbCsi BeCchbMa  HETATUBHBIM  00pazoM
B CIy4Yae HEHA/UIeKaIlero BbIOOpa ydacTka
Ul peanu3aldyd  ONBITHO-TIPOMBIIUIEHHBIX
pabor (BKITIOYAOLITNX CTPOUTENBCTBO
VIUIOTHSIOIIMX CKBAXWH), 110 H3BJICUYCHHIO
HETPaJMIHOHHBIX 3allacOB TaK Ha3bIBaeMOU
«MaTpUYHON HepTH» ra3oBoi 4acTH
OHI'KM, mnyTtem moOmnepeMeHHON 3aKaykud B
oOpa0aTsiBaeMble MHTEPBAJIBI PACTBOPHUTENS U

ocymeHnHoro rasa' [7].

1 Cypnaues [].B., Cxubuyxas H.A., Bonvwarkos M.H.,
boeoanosuy T M. TunponuHamudeckoe 000CHOBaHHUE
TEXHOJIOTHH W3BJICUCHUSI HE(PTH M PETPOrpaHOro
KOH/IEHCcaTa B  KOHLEHTpalMiX HIXKE [opora
¢unsTpaim M3 ra30HACHIIIEHHBIX — Hedreraso-
MaTepPUHCKNX KapOOHATHBIX OTIOKEHWHA HedTe-
Ta30KOHJCHCATHBIX MECTOPOKACHMI Ha MO3THHUX
CTamusax pa3paboTKM Ha mpuMmepe ByKTBUIBCKOTO
HI'KM // ®ynnameHTanbHBIN 0a3UC MHHOBAITMOHHBIX
TEXHOJIOTHH HE(TSIHOHN U Ta30BOM MPOMBIIIIICHHOCTH:
C6. tpynoB Bcepoccuiickolt HayuHOH KOH(epeHIH
C  MEXIYHapOAHBIM  y4YacTHEM, IOCBSICHHON
35-nermro UITHI' PAH. M.: HactutyT mnpobiem
Hedtn u raza PAH, 2022. C. 73-77.

leonornyeckme npeanocbiikn
BOAONPOABNAEHUIA,
MaKpoypoBeHb

OpenOyprckoe  He(Tera3oKOHAECHCATHOE
MECTOpOX/IeHNe MprUypodeHo kK OpeHdyprckomy
Baly ceBepHoro oxoHuyaHus Conb-Unemnkoro
BBICTYIIa  KPHUCTATMYECKOTO0  (yHIaMeHTa,
K BHemHed OoproBoit 30He Ilpmkacmmiickoit
BINAJAWHBl (CHHEKNH3bI), B 30HE COWICHEHUS
[Ipukacnuiickoil mIHTEl C Pycckod IUIMTOH,
a Takke c¢ Ilpemypanbckum  mporuOom
(Ypanbckum  oporeHoMm). [l o0o3Ha4YeHUs
3TOM  HEOpAUMHAPHOM B TEOJIOTHYECKOM
OTHOIIICHWU IUIOIIAAX B HAydyHBIA 000pOT
OBLI Jaxe BBEIICH CIIELHAIbHBIN
TEpMUH «Openbyprekuit TEKTOHUYECKUU
y3em» [8].

Ha cxemax wu Kkaprax pas3iH4HOIO
MaCHITaGa OTYCTIIMBO BbIACITAIOTCA
JABE CHCTEMBI TEKTOHNYCCKUX Hap}/HICHI/Iﬁ
U CBA3aHHBIX C HHUMH  TEKTOHMYECKHX
CTPYKTYp pasHbBIX

HOpMaNbHbIE (T. €. YCJIOBHO CYOIIUPOTHO-

TIOPS/IKOB. 310

MepI/I,Z[I/IOHaJ'ILHHe) U AUAroHaJbHBIC CTPYKTYPbI

(puc. 1).
Jns  TPaJWIMOHHOTO  TPEICTABICHUS

re0JI0TNYECKOr0o CTPOEHHUS OHI'KM
XapakTepHO  HE3HAUUTEJIbHOE  MPOSBICHHE
TEKTOHMYECKUX  Pa3pbIBHBIX HapyLIeHUH,

KapTHUpyeMBIX KaKk B CaMOM  MaccuBe
OpeHnOyprckoro Baja, Tak v, IPEUMYILIECTBEHHO,
Ha ero CEBEPHOM KphbLIIE.

CymecTByeT  TOYKa  3pEHHs,  4TO

CTPYKTYpHI
CBA3aHbI ¢ Oojlee paHHUMH TEKTOHHYECKUMHU

HOpMAaJIbHBIC TEKTOHUYECKHUE
nporeccaMu puder-BeHICKOTO U OPJOBHKCKOTO
BO3pacTa, a JWaroHaJabHBIE CTPYKTYpBl —
c Oomee

IIO3JHUMHN TCKTOHUYCCKUMH

mporeccaMu JIEBOHCKO-KAMEHHOYTOJIBHOTO
BO3pacra WA Jlaxe c aNbIUICKON
3MOXOM TEeKTOHOreHe3a. WiumrocTpauuio >ToMy
YTBEP)KJICHUIO JIAlOT KapThl W BPEMEHHOMU
celCMHUYECKHi  TpOoGuUIb,  MPEICTaBICHHBIC

Ha puc. 2 u puc. 3.
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Puc. 1. CBoaHas CTPYKTypHasA KapTa No KPoBae A0AEBOHCKOM NOBEPXHOCTU
B rpaHuMLUax 3anagHoi yactu OpeHbyprckon obnactu,
Ha CTbIKe pa3HOHAMNPaB/IEHHbIX TEKTOHNYECKUX CTPYKTYP

Fig. 1. Summary structural map of the top of the pre-Devonian surface within
the boundaries of the western part of the Orenburg Region,
at the junction of multidirectional tectonic structures

McmoyHuK: apanTupoBaHo u3 [9]
Source: adapted from [9]
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Puc. 2. KapTa cTpoeHuMA NOBEPXHOCTU KpUcTanamyeckoro dyHaameHTa
B pailoHe OpeHbyprckoro 610Ka, ¢ BblaeneHnem obnactu
3D ceilcmnyeckunx nccnegoBannini Ha OHIMKM B paitoHe ckB. 1-Opg,
1 BpemeHHoro paspesa 3D-kyb6a CL 400

Fig. 2. The structure map of the surface of the crystalline basement in the area of the Orenburg block,
highlighting the area of 3D seismic studies at the oil and gas condensate field in the zone of the 1-Ord well,
and the time crossline of 3D cube CL 400

UcmoyHuK: apantuposaHo 13 [10]
Source: adapted from [10]
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' TCKTOHHYCCKHE HAPYILUCHHSA

Puc. 3. BpemeHHol pa3pes CL 400 obnactm 3D celicmuyeckux nccnegosaHmnin OHFKM

Fig. 3. Time crossline CL 400 of the oil and gas condensate field

UcmouHuk: [10] / Source: [10]

B paiione OHI'’KM Haubonee sBHO

CTPYKTYPBI
[IPEUMYILECTBEHHO

BBIJCTIAOTCSA TCKTOHHUYCCKUEC

paHHUX BO3pacToB
HOPMaJBHOTO TPOCTHPAHHUA. OTH HAPYIICHUS
C BO3pacToOM 3aTHXAlOT B HWKHETIEPMCKHUX
OTJIOKEHUSX, SBISACH MPEUMYIIECTBEHHO MaJlo-
U HEaMIUIMTYIHBIMH, TIOSTOMY Ha CTPYKTYPHBIX
KapTax, MOCTPOCHHBIX M0 Marepuanam 2D u 3D
CECMMYECKUX HCCIEIOBAaHUM, aMILTUTYIHbBIE

HapylIeHHS HOPMaJIHHOTO MIPOCTHUPAHUS
OTYETIMBO BBIAENAIOTCA JIMIIL B BOCTOYHOU

yactu, Onmmke K 3oHe [Ipenypanbckoro mporunoa

(puc. 4). Jlump oaHO CyOMEPHIMOHAIBHOE

HapymeHne  (TUma  «cOpoc»)  OTAemsier
B aKTyaJIbHBIX CTPYKTYPHBIX KapTaxX BOCTOUHYIO
gacTb OHI'KM ot LlenTpansHoro Kymouna.

B cBozme llenTpanbpHOro Kymnosna, BOTU3U
BBICOKHX €0

CaMBbIX cTparurpapuuecKux

OTMETOK, B re0JOTUYECKOU MOJIENH,
Jexale B OCHOBE MPOEKTHO-TEXHUYECKOU
JIOKyMEHTAI1H,

KIIaCCUYCCKUM MYTEM BbIACICHBI

AMIUTUTYAHBIC  HApPYIICHUS
He OblH,
HECMOTPSI Ha JIOKAJIbHO BBICOKHE 3HAYEHUS

TpaaAuCHTOB IIPOCICIKUBACMBIX T'OPU30HTOB.
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Puc. 4. CTpyKTypHan KapTa Mo KpoB/ie OCHOBHOM 3anexun OHIKM
Fig. 4. Structural map of the top of the main deposit of the oil and gas condensate field

UcmoyHuk: [11] / Source: [11]

JnaronanbHbINA Xapaxkrep MO3IHUX — IIPaKTU4ECKU BeCh L{eHTpasbHbII KyII0JI
HapylIeHUH  WUIIOCTPUPYET  pPEruoHaibHas OHI'KM  [OKpBIT  CHCTEMOH  JIOKQJIBbHBIX
CTPYKTYpHasl TMOBEPXHOCTh IO KpOBIIE coJyiel HapylIeHud  Kak  HOPMaJIbHOTO, Tak U
KyHTypCKOTO spyca HIDKHEN Ilepmm, JMarOHAJILHOTO IPOCTUPAHMUS;
oxBarpiBaromias 30Hy OpeHOyprckoro Bama — BIMSHAE HanOoJee  COITIaCOBAaHHBIX
Bokpyr OHI'KM, uto npuBeneHa Ha puc. 5. [0 HAalpaBJICHHUIO JIOKAJIBHBIX  HapyLICHUI

CnenoBarenbHO, MBI HMEEM IIPaBO Ha pa3paboTKy HaOmonaeTcs B ceBepo-3ana Hon
NPEANONOKNUTE, YTO JTUAarOHAJIbHBIE TI'PeOHU gactn lleHTpanbHOrO Kymomna, BAOIAb IONMBI
KpOBIM  IUIACTUYHBIX  coyieil  (TajuToB), peku VYpan, TeCHO KOppelnupysd € DITyOOKHM
nepexpoiBaomux OHI'KM ([13]), koppenupyrot OpeHOyprckuM — pa3ioMOM  YCIIOBHO — CyOIIH-
C JMarOHAIbHBIMH K€ 30HaMU HapyUIeHUH POTHOTO  TIPOCTHUPAHUS,  OTPAHHUYMBAIOLINM
W/WIIM 30HAMH COBPEMEHHBIX (COpPMHUPOBaB- c ceBepa Conp-Unenkuii BeICTYTI,

MIMXCA K Havaldy pa3paboTKH) HamnpsHKEHHBIX — IOCTaTOYHO  YBEPEHHAsl  KOPPEISLHUS
COCTOSHUM  TOpOABl  HIDKeNeXamux Oojee JIOKAJIBHBIX HapyIIeHUuI HabmoxaeTcs
JKECTKHX Cynb(}haT-kKapOOHATHBIX OTIOKEHHH. B LIEHTpaJbHOW wacTu LleHTpanpHOro Kymoima,

Ilo mMepe HakOIUIEHHS NPOMBICIOBBIX H BJOJb YYaCTKOB MOWMBI peKkH JlOHTY3, HO’KHOTO
reoyioro-reopuznueckux AanHbix Ha OHI'KM, MPUTOKA PEKU Ypall,

BKJTIOYAs MOTJIOIICHUS npu OypeHuw, — B paboTe TeoJOruueckr 00OCHOBaHHAs
BOJIOTIPOSABNICHHUSI B JOOBIBAIOIINX CKBaKWHAX CHCTeMa HapyIIeHHH JaHHBIMH HCCIIEI0Ba-
W pe3y’abTarbl  MPOMBICIOBO-TE€OPHU3NUECKUX HUSIMU HE BBISBICHA.

uccienosanuii, eme B Hadaine 2000-x 1T OCHOBBIBasICh Ha aHAIIM3€ COBPEMEHHBIX
B HIIL «Tseporeodpusukay A.D. Bospuykom reOAUHAMUYECKUX  IPOLIECCOB, A  TaKkKe
Obula crenaHa TMOMBITKA 00OOIIEHWS 3THX M3BECTHBIX K HaCTOSIILEMY MOMEHTY
JAHHBIX JUISI MOCTPOEHMSI BO3MOXHOW CHCTEMBI JTOTIOJTHUTENBHBIX JTaHHBIX, norpodyem
HapymeHnuit Llentpansroro kymoma OHI'KM. chopMyITUpOBaTh  TEOJIOTHYECKUE  MPUIHHBI
Ilo wmarepmamam [14], MOXHO cHenarh (MaKpoOypOBHS) MHTEHCUBHBIX BOIOIPOSBICHUN
BBIBO/IBI, YTO: B ra3oBbIiX ckBaknHax OHI'KM.
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Puc. 5. CTpyKTypHas KapTa Nno KpPoBae KyHIypcKoi conun B paiioHe OpeHbyprckoro 610kKa,
C BblA€/IEHHbIMWN AMaroHabHbIMN HapYLIEHUAMM CEBEPO-3aMnafHOro NPoCTMpaHnsa

Fig. 5. Structural map of the Kungur salt top in the Orenburg block area,
with highlighted diagonal disturbances of the northwestern strike

McmoyHuK: apanTuposaHo 13 [12]
Source: adapted from [12]

MHOro4YncICHHBIMA HCCIICAOBAaHUAMHM
KaK TIOBEPXHOCTHBIX, TaK U IOJA3EMHBIX
TEXHOJIOTHYECKUX HMHIMAEHTOB OBLJIO 3aMEUEHO,
YTO HauOOoJbIIasg YacToTa TaKMX COOBITHH
OTMEYAeTCs Ha CThIKS/TIEPECEUCHUN MPOCKIIMA
JIByX pa3HOHAMPABIEHHBIX CHUCTEM HApyIICHUMH,
Ooiree paHHEero u 6omee ITO3JTHETO

TCOJIOTUYCCKOI0 BO3pacTa.

K npumepy, npumeHUTENBHO K 3anagHon
Cubupu 3T0 yale BCero CUCTeMbI 0oJiee paHHUX
JIOIOPCKUX W IOPCKUX HapyIIeHWH CeBepo-
3alaJlHOTO NPOCTHpaHuA U Oosiee  IO3HUX

MEJIOBBIX  HapyLIEHUI

CEBEPO-BOCTOYHOTO
NpOCTHpaHus. JTO Hauboiee OciablieHHbIC
B MEXaHNYECKOM OTHOILIICHUH JIOKAJIbHBIC

yY4acTKu HEOONBIINX PasMEpPoOB.
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[anee mo 4acToTe CIEAyIOT MHIUIEHTHI
Ha (JIMHEMHBIX) ydYacTKax BIOIb CaMbIX
MoJIoAbIX (MO3AHMX) HapylieHuil. 1 3ambIkaroT
3Ty CTaTUCTHKY IO YacTOTE MHUUACHTHI BIONb
CHCTEMBI CaMbIX CTapbIX (PaHHWX) HAPYIICHUH,
YTO JIOTMYHO, C YYETOM CaMO3aJeYHBaHUSI
HapymeHud c¢ TedeHuem Bpemenu ([15],
COOpHUK MaTeprasioB KOH(pEepeHIun?).

Ecnu  nepenHecTd  maHHBIA — IOOXONX
Ha YycioBusa OpenOyprckoro Bama (670Ka),
TO npu TEXHOTCHHOM BO3/ICHCTBUU
Ha TreoJIOTHIECKUH 00BEKT pa3paboTKu:

—B MIEPBYIO oyepenb JIOJKHBI
pearupoBaTh  JIOKaJbHbIE  30HBl  CTBIKA
(cowiecHeHHs) HOPMAJIBHOW U JIHArOHAJIBHOM
CHCTEM HapyLICHUI;

—BO BTOpYIO oOuepeab — JIMHEWHBIE
30HBl JWArOHAIBHOW  (MONOJOW)  CHUCTEMBI
HapylmeHnd, Oe30THOCHUTENBbHO HUX PEabHOTOo

T€OJIOTHUYECCKOI0 BO3pacTa,

— B IIOCIIEHIOI0 OYepeb — 30HBI BIONb
CUCTEMBI  CaMBIX  PAaHHUX  HAPYIICHUH
HOPMaJIBHOTO MTPOCTUPAHUS.

SIpxkumu npeacTaBUTENIMHU 30H TIEPBOTO
TUIA  ABJSIETCS OOJIACTh, NPHMBIKAIOLIAS
K 4YacTu Ypano-CakMapckoro HapyLIeHHS
CyOIIMpPOTHOTO MpOCTHpaHusi (IoiMa peKu
VYpanm ¢ MECTHBIMH CEBEPHBIMH IPHUTOKaAMH
B ceBepo-3amagHoil uactu LleHTpanbHOroO
Kymona), a TakXe JIOKaJIbHbIE Yy4YacTKU
MepeceyeHusl JAByX CHCTEM  HapylleHHi,
OTCIIeXKHMBaeMble 10  penbedy  AHEBHOU
MOBEPXHOCTH W IO PE3KUM HU3MEHEHMSIM
HampaBlIeHUMH pekn JIOHry3 ¢  HOKHBIMH
IIPUTOKAMU B CBOJOBOM yactu LleHTpanbHOrO
Kymona. Beuio 3aduKcHpoBaHO, YTO K ATHM
30HaM  TakXe  TIAroreeT  OOJBILIMHCTBO
ceficMU4YecKuX COOBITHI, COMPOBOXKIABILUX
nporecc  paspaborkm  OHI'KM  [16, 17]

(puc. 6).

* 3MMULIEHTPbI CENCMUYECKNX COBbITNIA

Puc. 6. Cxema CBA3KN CMCTEM HapPYLLEHWUI Pa3INYHOIo NPoCcTUpaHma B panoHe OHITKM
C 3NULEHTPaMM 3aPUKCUPOBAHHbLIX CEMCMUYECKUX COBBITUI

Fig. 6. Schematic diagram of relationship of disturbance systems of various strata in
the oil and gas condensate field area with the epicenters of recorded seismic events

UcmoyHuk: [17] / Source: [17]

2 CoBpeMEHHas TEONMHAMHUKA HEAP M DKOJIOTO-
MPOMBIIIICHHAsT 0e30MacHOCTh OOBEKTOB HedTe-
ra3oBOro KoMIuiekca: Marepuansl MesxayHapoJHOH
koHpepeniuu. M.: 3A0 «Texunmpecc», 2005.
196 c.
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AHanmu3upyss puc. 5, MOXHO TaKxe
3aMETHUTH, 49TO JIOKAJTbHBIMH 30HaAMH
MepeceyeHrsl JIByX pPa3HOBO3PACTHBIX CHCTEM
HapyLICHUH SBISIOTCS OKOHYAaHUS TpeOHer
CONSTHBIX  KYIIOJNIOB  (YCIIOBHO  «CEBEpHBIC
CTPENKN» MPHUMBIKAIOT K Ypanmo-CakMapckoMy
HapyIIEHUIO, YCJIOBHO «IOXKHBIE CTPENKH»
pasMmerarorcs MIPAKTHYECKU o ocH
OpenOyprckoro Baja). 9T0 MECTO MEpecedeHHS
CyOIIMPOTHOW COCTAaBISIONIEH CO CABUTOBBIMHU
HapyIIEHUsIMH  BJIOJb  IUIOCKOCTEH  CphIBa
OTJENBHBIX  OJIOKOB  pa3MepoM  HECKOJBKO
KHJIOMETPOB B TIONEpeyHHKe. VIMEeHHO JTH

OcCla0lICHHBIE  JIOKAJIbHBIE Y4aCTKH  JTOJDKHBI

OBITh C  TOYKM  3PCHUSA  TICOAMHAMHUKHU
aKTUBU3UPOBAHBI B TIEPBYIO ouepelib
TEXHOICHHBIMM  IPOLIECCAMH,  CBSI3aHHBIMU

C O9KCIUTyaTanuel MeCTOPOXICHUS.

Hanee, crienyss psay aBTOpOB, IOJ
TMHEaMEeHTaMH Oy/leM TOHMMaTh HEKOTOphIe
TUHEHHbIE WM OpPTaHW30BaHHBIE 3JIEMEHTHI
CTPYKTYpPBl 3€MHOH TIOBEPXHOCTH, KOTOPBIC
OpsSMO MJIM KOCBEHHO OTPaKaloT O0COOSHHOCTH
TeOJIOTHUECKOM  CTPYKTYphl, B TOM YHCIIE
[JIyOMHHBIE  Pa3pbiBBI M TPEIIMHOBATOCTH
0CaJIOYHOTO YeXJia U morpedeHHoro (hyHIaMeHTa
[18].

B sToM citydae B IMHEaMEHTHI MMOMAAIOT
caMbIe pa3HOOOpAa3HbIC reosioro-reodusnueckue
OOBEKTBI — paspblBBI M TPEUIUHBI, 30HBI
TIOBBIIIICHHON  KOHIIEHTpanuu  nedopmariuii,
TpaJiieHTHBIC 30HBI TeO(MU3WYECKHX IOJIEH,
AJIEMEHTHI CTPYKTYPHO-BEUIECTBEHHOH HEOIHO-
POIHOCTHU T€OJIOTUIECKON CPEbI.

Ilo wMHeHuro psga uUccienoBaTelei,
TCOJIOTUYECKUM  TPOTOTHIIOM  JIMHEAMEHTOB
SBJSIFOTCS.  MIPEUMYIIECTBEHHO HEOTEKTOHHYE-
CKM€ WM YHACIIEJIOBAHO Pa3BUBAIOIIUECS
B HOBeHIee BpeMs pa3pbiBbl, (IEKCYypHO-
pa3pbiBHBIE  30HBI,  30HBI  ITOBBIIICHHOM
TPEUTMHOBATOCTH M MPOHUIIAEMOCTH JTUTOCHEPHI
(B TOM uHnCIIe TITyOMHHOTO 3JI0KEHUS) U T. 1.

B reonornueckoll mpakTUKe TUHEAMEHTBI,
TpacCUpyIOIe 30HbI MOBBINICHHOW HapyIlleH-

HOCTH, JchOPMHPOBAHHOCTH WM Pas3apo0-
JIEHHOCTH 3€MHOM KOPBI, OTpaXKaroT
MOJBOJIAIING KaHANBI PAa3IMYHBIX (DITFOUIOB H
PacTBOpOB’.

B  kadecTtBe  WIIIIOCTpallMM  TakKoM

CBSI3U YMECTHO NIPUBECTH pe3yabTaThbl
nenmpoBaHrs KOCMHYECKUX CHHMKOB 3eMIIH
U TIOJIEBOM Ta30XMMHUYECKOM ChEMKH B paiiOHE
AOnpaxMaHOBCKOM IUTOMATH OYEHH XOPOIIIO
W3y4YEHHOr0 POMAIIKMHCKOTO MECTOPOXKACHHUS
Bonro-Ypanbckoit  mpoBuHuuu  (Pecmy6mimka
Tarapcran).

3nmech, «rpabeHO00pPa3HBIM CTPYKTypam

MOBEPXHOCTH  (yHAAMEHTa  COOTBETCTBYET
MOAPOOJICHHOCTh TOJNIIM OCaJOYHOTO 4YexJia
pPa3pbIBHBIMH ~ HapyLIICHUSIMH. [Hocnennue
MIPOCTHPAIOTCS BILIOTH b1 (o) JTHEBHOM

MOBEPXHOCTH, CIyXXa KaHalaMu (UIbTpanun
BOJOPOLL.
VYdacTKi HauOOJIBIIETO CTYIICHUS TMHEAMEHTOB

I‘JIy6I/IHHLIX ra3os, BKJIIO4as

COOTBETCTBYIOT 30HaM MaKCHMaJbHOM
HapymIEHHOCTH MaccuBa Tmopox. B aTtmx
30HaX OTMEUEHO BBIPAKEHHOE IOBHIIICHHE
WHTEHCUBHOCTH HCTEUEHUs BOAOPOJA. 3/1€Ch Ke
UMEIOT MECTO KOHTPACTHO BBICOKHE OTOOPHI
JKUAKOCTH W 3aKa9Kd BOABI B TIPONYKTHBHEIE
JIEBOHCKHE OTIIOkKEeHUs» [19].

BeickaxkeM  yTBEpXKIeHHE, 4YTO  BHE
3aBHCHMOCTH OT BapuaHTa pPHCOBKH CHCTEM
JTUHEaMeHTOB paiioHa OpeHOyprckoro Baja
(Ha OCHOBE KapThl peibeda U THAPOCETH, OO
W3 WHBIX cooOpaxkenwii) LleHTpanmbHBIN Kymomn
OHI'KM mHaxomuTcs B MeECT€ CThIKA CHUCTEM
JMHEaMEHTOB Pa3IMYHON OprueHTaluu (puc. 7a).
OTH JIMHEaMEHTHl KOPPEIUPYIOT € TEKYLIUM
CeBepO-3alaIHbIM HANpaBIEHUEM PETHOHAJb-
HOTO cTpecca U ¢ TpeOHe0Opa3HON TEKTOHHUKOM
KPOBJIM KYyHIYpPCKHX cojeid (cMm. puc. 5),
a TaKKe C HapyUICHUSIMH JE€BOHA M OPIOBHKa

(cm. puc. 2).
3 Kopuyaanosa HU. Hogeitmas TEKTOHHKA
c OCHOBaMH COBPEMEHHOI TCONMHAMUKH:

Metoauueckoe pykoBoactBo. M.: Teokapr, TEOC,
2007. 353 c.
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IIpuyem coBpeMEHHOE pyClO peKu Ypal
C €ro CEBEepPHbIMU MPUTOKAMM IPEACTABISIET

COOOH  WJIIIOCTPALMIO  CEBEPHOIl  I'paHUIBI

OpenOyprckoro  pasioma,
BBITSHYTBIX W CIBUHYTHIX JPYT OTHOCHTEIHEHO

OJIOKOB  BJOJIb

Ipyra Cc IOr0-BOCTOKA Ha  CEBEpO-3araj

(cM. Tarke BBIAENEHHYIO MO Marepuanam 3D
CEeHCMHUYECKUX

HCCIIeIOBAaHUM 30HY MaJio-

aMIUTUTYAHBIX HapylIeHWH B CEBEpHOW YacTu
HentpansHoro kynona OHI'KM na puc. 76).
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Puc. 7. ConocrasneHume cUcTembl IMHEaMeHTOB paiioHa LleHTpanbHoro kynona OHIKM, BblaeneHHoM
no KapTe penbeda v ruapoceTy (a), C CUCTEMOM HaPYLLUEHMI NO KPOB/e OCHOBHOM 3anexn OHIKM,
npuMeHsieMoe Npu nocsieaHem nogcyete 3anacos (6)

Fig. 7. Comparison of the lineament system of the Central Dome area of the oil and gas condensate field,
highlighted on the relief map and the hydrographic network (a), with the system of disturbances along the top of
the main deposit of the oil and gas condensate field, used in the latest reserves estimation (b)

UcmoyHuk: [20] / Source: [20]
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B 10 e camoe BpeMs COBPEMEHHOE
pyciio BHAAAIOMIEd C IOKHOTO HalpaBlICHUA
B Ypan peku JloHry3 ¢  TOpUTOKaMHu
JEMOHCTPHPYET  TOBEPXHOCTHBIE  OTKJIHMKH
HapyIlIeHui Haj cBofoM LleHTpanpHOTO Kymona,
BO3HHMKIIUX MpU CABHre OJOKOB Kak Obl
«B 00xox OpIOBUKCKOI BEpIIMHB» C FOTO-
3armagHoN

CTOPOHBI, 10  COBPEMEHHOMY

HAIlPaBJIICHUIO PETHMOHAIBHOTO cTpecca (CM.
puc. 2 u puc. 5). OTa TouKa 3peHHs (HAIHIHE
CUCTEMBI cyOmapamienbHbIX MEJIKHUX CIBUTOBBIX
HapyIIeHUH) MOXKET OBITh MPOMJUTIOCTPUPOBAaHA
TeOMEXaHHYEeCKUM  aHaJIOroOM H3  JAPYroro
CXOTHBIM

peruoxa, (¢10) HaIlpaBJICHUCM

PETUOHAJIBHOTO CTpE€CCa OTHOCUTCIBHO OCH

CTPYKTYPHI (puc. 8).

Puc. 8. Mpumep BblaeneHna casurosblx gebopmaumin No HanpasIeHUIO PErMOHaIbHOTO cTpecca
Ha naowaau B ropax 3arpoc, Pecnybnuka UpaHx

Fig. 8. Example of the allocation of shear deformations in the direction of regional stress in
an area in the Zagros Mountains, Republic of Iran

UcmouHuk: [21] / Source: [21]

Ha ocHoBe reomexaHHYECKOrO aHaiu3a
HalpsDKEHHBIX COCTOSHUM TOPHOM MOpoxbl ObuT
cAenaH BBIBOJ O TOM, YTO HWMEHHO pacTs-
TUBAIOIIME YCHJIUS TIPUBEIN K (HOPMHUPOBAHHIO
BEPTUKAIBHBIX W CYOBEPTHKAIBHBIX MaKpO-
W MerarpeiidH pa3yIyIOTHEeHHS  OONbIION
MPOTSDKEHHOCTU. JIJIT CIBUTOBBIX JehopMariuii
XapakTepHO (OPMHUPOBAHHUE TaK HA3bIBAEMBIX
(OUICNIOHHBIX» TPEIWH OTpbIBAa  (XPYNKOH
nedopMmali) B MakCUMAlIbHO HAIPSKEHHBIX
30HaX (TEPMHH  «IIIEIOHHBIE»  TPEIIMHEI
XapaKTEpU3yeT TEOMETPUIO B3aUMHOTO
pacroyioKeHHUsT TPEMH OTHOCUTENIBHO JApYT
npyra B
cthopMupoBaHHON

TPEUIMHOBATOU CHCTEME,

€AMHBIM MEXaHU3MOM
peruonansHoro  crpecca  [21]).  Mmenno
MO3TOMY K CBOJOBOM KM MPHUCBOAOBOW YacTsM
KyIloJla TPHYpPOYEHO OOJBIIMHCTBO CKBaKHUH,

MOTJIONIABIINX OypoOBOM pacTBOpP B MpoIlecce

Oypenuss [14]. [Hanmseii ¢dakr  Xopormio
KOppeIupyeTcs C JIOKalu3aluell MHTEHCHBHBIX
BOJIOHpOSIBHeHI/Iﬁ B OKCILTyaTallMOHHBIX I'a30BbIX

CKBaKHMHaxX (puc. 9).

Takum o0pazom, MpeabIAyIIIe
WCCIIEZIOBaHUSl JIalOT YBEPEHHOE IIOHWMaHUe
TeOJIOTMYECKUX MPEIOCHUIOK ¢dhopmupo-

BaHWS 30H TPEHIMHOBATOCTH/Pa3yIIOTHEHUS
B paiione IlentpanmpHoro kymoma OHI'KM,
(unsrpanyun
MOAOIIBEHHOH BOABI B mpouecce pa3paboTKu

Kak Iy Ten YCKOpPEHHOM
3aeXH.

HexoTtopoe mpencraBienne 0 BOZMOXHOM
TEOJIOTHYECKOM CTPOSCHUU U TOAPOOICHHOCTH
TaKuX YYacTKOB MOXeT Jnare puc. 10, Kak
OTKIJIMKa

HUIUTIOCTpanus MMOBCPXHOCTHOI'O

DIyOMHHBIX ~ TEONWHAMUYECKHX  IPOIIECCOB
B 30HE BBICOKOM INIOTHOCTH CEHMCMHYECKHUX

coObITHI (cM. pHC. 6).
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Puc. 9. Cxembl BOJOMPOABIEHUI B CKBaXKMHax LieHTpanbHOro Kynona: yepes 1 rog nocne nycka CKBaxKuH (a)
n 6onee yem yepes 20 neT NoOC/e NyCKa CKBaXKMH, C NPUBA3KON K ruapoceTy (6)

Fig. 9. Schematic diagrams of water occurrences in the wells of the Central Dome: 1 year after the well start-
up (a), and more than 20 years after the well start-up, with reference to the hydrographic network (b)

UcmoyHuK: no gaHHbIM Heagpononb3osaTtena u [22]
Source: according to mining asset data and [22]

Puc. 10. Mpumep cTpoeHuns obpbIBUCTbIX bBeperos pekn [loHrys B palioHe LieHTpanbHoro Kynona OHIKM

Fig. 10. Example of the structure of the steep banks of the Donguz River in the area of the Central Dome of
the oil and gas condensate field

UcmouHuk: apantuposaHo u3 https://fotokonkurs.ru/photo/121803 (aata o6pauermsa: 20.02.2025)
Source: adapted from https://fotokonkurs.ru/photo/121803 (accessed 20 February 2025)
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OnHako ocraeTcs HEBBISICHCHHBIM
BOMPOC, MOYEeMYy WCTOPUYECKH HaOII0IaeMoe
BOJIOMIPOSIBJICHHE B Ta30BBIX  CKBaXHWHAX
COCPE/IOTOYEHO B OCHOBHOM Ha lleHTpanmbHOM
KyToJie, eAMHUYHBIM 00pa3oM MPOSIBISIIOCH Ha
3amaqHOM W COBCEM HE HaOMIomaioch B
CKBa)KHHAX Ha Boctounom KyTIoJie

MeCTOPOXKIACHHS (CM. pHc. 9).

Feonornueckne npeanocbUIKK

BOAONPOABNAEHUIA,

MUKpPOYpPOBEHb

TpaaunroHHOE PECTABIICHUE Ha MaKpO-
Y ME3aypOBHE O CTPOCHHH MOPOBO-TPEIIMHHOTO
KOJUICKTOPA, BKIJIFOYAIOIICTO TPEIIMHBI CKJIA]-
gaToil 00acTH (B TOM YHCIIE TaK Ha3bIBACMBIC

«IIIIeTIOHHBIEY» TPEITUHEI), TTOKa3aHo Ha puc. 11.

1 — caBurosoe HapyLleHue TUna BblAaBAMBaAHNA; 2 — CABUTOBOE HapyLeHUe TUNA NOrpy»KeHusa;
3 —3apokaatouieeca caBMrooe HapyleHue; 4 —cucrema Kocbix HapyLIJEHVIﬁ

a/a

6/b

Puc. 11. TpaanUMOHHOE CXeMaTMYHOE M306PpaXKeHNEe MaN0aMNANUTYAHbIX HAPYLIEHWNI:
a— B macwTabe 500 m; 6 — B macwTabe 2 m

Fig. 11. Traditional schematic representation of low-amplitude disturbances:
a—onascale of 500 m; b—onascaleof2m

McmoyHuK: apanTuposaHo 13 [21]
Source: adapted from [21]

Hccnenosanus Ha MHUKPOYpPOBHE,
NPOBEJICHHBIE TPYMIIOHW aBTOPOB HA  Tak
Ha3bIBAEMOM LM(PPOBOM KepHE C COXpaHe-
HUEM OIM(POBAHHOW TEKCTypsl  oOpasia,
HalISIAHO  WJUTIOCTPUPYIOT — aHU3OTPOIHBIM,
KUH)KaJIbHBIM, XapakTep OOBOIHEHHS MOPOBO-
TPELUIMHHBIX KOJUIEKTOPOB MO pas3pe3y (cM.
puc. 12) [23].

3mech IBETOBas TaMMa MILTIOCTPUPYET
BO3MOXKHOCTh TIPOpPBIBA BOABI TIpU (HUIBTpa-
UM TI0 HAaNpaBICHUIO  TPEIIMHBI  JIaXe
npu HE3HAYUTEIILHOM 00BOJHEHUH
OPWIETAIOIMX K TpPEIIMHE IOp W KaHaJoB
(B OCHOBHOM, BCJIEACTBME  MPSMOTOYHON

KaHPIJIJ'IHpHOﬁ IIPOMUTKHU B ciy4dac

ruapoGuiIbHOTO  KoJuiekTopa). B ciyuae
ke  TuApooOHOro  KOMIEKTOpa  KapTHHKA
KHHXXaJIbHOI'O IIPOHUKHOBCHUA BOJbI
HONyYuTCcsl eme Oonee KOHTpacTHOW. Takum
0o0pa3oM, HCCIICIOBaHHUs KaKk Ha pealbHOM,
TaKk ¥ Ha UUQPOBOM KepHE JUHAMHKH
OOBOHEHUSI  TTOPOBO-TPELIMHHBIX ~ KapOOHAT-

HBIX KOJUICKTOPOB OUKTYIOT HGOGXO}II/IMOCTI)

(mpu MIOCTPOCHUH THAPOAMHAMUYECKUX
momened — [JIM) wmcmonb30BaHUS H3BECT-
HOTO MEXaHHu3Ma «IBOWHOM CpenbD)

¢ ¢mougo00MEHOM  MEXAY  MaTpUYHBIMU
OmokaMy W TpeIMHAMW, WHBIMH CJIOBaMH,
TaK Ha3bIBa€EMOU MOJIEIN «IBOWHOU

MMPOHULIACMOCTUY .
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Puc. 12. Mogenu npoasu»eHus GpoHTa BoAbl NO HANPaBAEHMIO TPELWMHbI B 3aBUCMMOCTU OT 40N
3ameLL,aemoro Boaon nopoBoro o6vema PV B LMdppoBOM NOPOBO-TPELLUHHOM KOJIIEKTOPE

Fig. 12. Models of the movement of the water front in the direction of the crack, depending on the proportion of
the PV (pore volume) replaced by water in a digital pore-crack reservoir

UcmoyHuk: [23] / Source: [23]

HelicTBUTENBHO, Ha MPOCTEUIINX

NPUHLHUIINAIBHBIX M TAaKOIo THIIA
(c xapakTepHBIMH TapaMeTpamMH, MPHUCYIIIMHU
OHI'KM), BKIIOYAaOIMUX Kak JOCTaTOYHO
Y3KyIl0O ~ 30HY CaMoro  CyOBEpTHKaIHHOTO
HapyIIeHUs, TaK U OKPYXKAIOIIYI0 €ro 30HY
JMECTPYKIIUU MOITHOCTBIO 10 100 M, oka3anoch
BO3MOXXHBIM  BOCHPOHM3BECTH  XapaKTEPHYIO
MUHAMHUKY  HMHTEHCHUBHOTO  BOJIOTIPOSIBIICHUS
ra3oBOM CKBaXHHBI CO CPEIHUM JeOHUTOM BOJIBI
nopsaka 50-60 M>/CyT cIycTs BCETo JIMIIb TOJ-
MONITOPa OT ITyCKa CKBAXXUHBI B IKCILTyaTAIHIO,
C TIOCJEIYIOIIUM €TO «BBITIOJAKUBAHUEMY JTHOO
Oonee  MeEIUIGHHBIM MOHOTOHHBIM  POCTOM,
B 3aBHCHMOCTH OT aKTHBHOCTH IIOJIOIIBEHHOTO
pe3epByapa TOICTHIIAIONIEH 3aJeKb  BOJBI.
XapakTepHbIM TIPU 3TOM SIBISETCS KapTHHA,
MpU KOTOPOM TOABEM IMOAOLIBEHHON BOABI
K OKPECTHOCTH 3a00s1 ra30BOM CKBaXMHbI B [JIM
OTYETIIMBO HAaOMIO#aeTCs B «TPELIMHHOW) Cpese
Y TIPaKTUYECKU HE HAOIIONACTCS B «MAaTPUIHOIN
cpere.

3HAaYUTENBHYIO POJb B  MpOIEccax
BOJIOTIPOSIBJICHHSI B Ta30BBIX  CKBaKWHAX
OHI'KM rtaxke wurpaer BBICOKass CTENEHb
CornacHo

OMTYMHHO3ZHOCTH KOJUIEKTOpa.

WCCIIENOBAaHUSAM HEIKCTParupoOBaHHBIX 00pa3-

OHI'KM
CITUPTO-

OB  KepHa,  OWUTYMHUHO3HOCTH

(COBOKYITHOCTB ac(asbTCHOB,
OCH30IBHBIX ~ CMON W Ooilee  JIETKUX
XJI0POhOpMOUTYMOB) MOXKET COCTaBIISITh
MepBble  JECATKH TMPOIEHTOB d(h(HEeKTUBHOTO
MOpOBOro  oObeMa  KapOOHATHBIX  TOPO.,
ClaralIuX €€ OCHOBHYIO 3aJexn [24].
OueBUAHBIM CICCTBHEM BBICOKOM CTEMCHU
OWTYMHWHO3HOCTH SIBJISCTCSI OYCHb BBICOKAs
BOJIOY/ICPKHMBAIONIAsl ~ CIIOCOOHOCTh  MOPOJIBL,
0COOGHHO  HU3KOMIOPOBBIX €€  pa3HOCTel,
BBISIBIICHHAS TPEIBIAYIIAMHI HCCICIOBAHUSIMU
(mpumep mipencTapieH Ha puc. 13).

Pan wuccnepoBareneid yTBEpKAAIOT, YTO
OOBSICHSIOIIUM

MECXaHHU3MOM, BBICOKYIO

BOJOYIEPKHUBAIOLIYI0  CIIOCOOHOCTH  MOPOZ
C  BBICOKMM  cOAep)XKaHHEM  OMTYyMOHIOB,
SBJIIFOTCS Yepeyrolecs TOHKUE aJicopOIOoH-
HBIE CIIOW BBICOKOMOJICKYJISIPHBIX COCIMHEHHN
W BOHIBL, BBICTHIAIOIIMX CTEHKH ITOPOBOTO
npoctpactea  [26].  Ilpuuem »3ta  BOHO-
VIEP>KUBAIOILAsl CIIOCOOHOCTb €CThb CIIEICTBHE
HE TONBKO M HE CTOJNBKO KAMWUIAPHBIX CHII,
CKOJIBKO (PH3MKO-XMMHUYECKOTO B3aUMOJIEHCTBHUS
BOAbl W BBICOKOMOJIEKYJSIPDHBIX COEAMHEHMI
(mpexke BCero — TSHKENBbIX CHUPTOOCH30JIbHBIX

cMOJI ¥ ac(aJbTeHOR).
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Puc. 13. 3aKoHOMEepHOCTb U3MEHEHUA 3HAYEHWNI KO3IPPULMEHTOB OCTAaTOYHOM BOAOHACHILLEHHOCTU C POCTOM
3HaYeHUN KO3PPULMEHTOB OTKPBITON NOPUCTOCTM HA OCHOBE PE3yNbTaTOB UCCNeA0BaHUA 06pasLLOoB
HEe3KCTParMpoBaHHOIo KepHa KapboHaTHbIX OTNIOXKEHWUI LeHTpaibHoM YyacT OHTKM:

a — apTUHCKKMI apyc Piar; 6 — cakmapckuii apyc Pism

Fig. 13. Pattern of changes in the values of residual water saturation coefficients with an increase in
the values of open porosity coefficients based on the results of a study of samples of
non-extracted core of carbonate deposits in the central part of the oil and gas condensate field:

a — Artinskian strata Piar; b — Sakmarian strata Pism

UcmoyHuk: [25, c. 9] / Source: [25, p. 9]

Ilpu  pmocratoyHOM  TOJNILIMHE  CJOA
(TuteHKH) — aICOPOLIMOHHO-CBSI3aHHONH  HeTH
(or 1 MKkM g0 2-5 MKM) B 3aBHCUMOCTH
oT yaaJIeHus oT CKeleTa TTOPOJIBI
WCCIIEZIOBATENSIMU BBIJIENIIOTCS TPH OCHOBHBIX

arperaribix COCTOsAHUA, CYII€CTBEHHO
pasiimyaromuxcsa 10 CBOMCTBAM — TBEPAO-
o6pa3Ha;1 4acTb CJ1041, qacCTb CJ1041

C KOAaryisilIMOHHOM CTPYKTypOH U yd4acTOK
CJI0sI, TIEPEXOMHBIA K IKUAKOCTH B OOBEME.
B MHOTO(a3HOMH MHOTOKOMITOHEHTHOM
dronnanpHON  cucteme koiwiektopa HI'KM
CyILIECTBYET MOCTOSTHHAS KOHKYPEHIIMS
B aJCOPOIIMOHHOM IPOIECCe MEXIy BOJOU
u ymieBomopomamu. IlpemmyiecTBo mMeeT
TOT KOMITOHEHT, KOTOPBIN oOiamaer
OoJbIIel SHEpruei ancopOIHK MO OTHOIICHUIO

k mnopoxe. Tak, Ipu HCCIENOBaHUU KEpHA

ObL10 YCTaHOBJIEHO, 4TO JIOJH
aZICOpOIIMOHHO  CBSI3aHHBIX He(TH W  BOJIBI
JUIL aHAJIOTMYHBIX KapOOHATHBIX KOJIJIEKTOPOB
Actpaxanckoro HI'KM  cocraBumu  4,4%
u 20,4%, Kapauaranakckoro HI'KM — 6,9%
u 19,2%, Ycunckoro mectopoxaeHus — 13%
u 21,2% ot oobemoB mop [27].

Jlornuno MPEOTI0KHUTB, 4TO
pH MHTEHCUBHOM KpaTKOCPOYHOM
BO3JICHCTBUM Ha TOPHBIA MAcCHB B3PBIBHOU
BOITHOH  pa3psDKEHUs/CKaThsl  4acTh  paHee
CBA3HOM BOABI W3 TYNUKOBBIX TOp H
a7COpOLIMOHHBIX IUICHOK Ha CKeJeTe MOpPOJIbI
MOXET  OKa3arbCi B  HMHOM,  YCJOBHO-
MOOWIILHOM, COCTOSIHUH —  yIepKHUBaeMou
B MPEUMYILECTBEHHO TUAPO(HOOHOM KOJUIEKTOPE
JUIIb  HE3HAYUTENbHBIMH  KallWJLISPHBIMHU

CHJIaMU.
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[Toatomy CKBaXMHA, poOypeHHas
B Ta30HACHIIIEHHON 30HE C W3MEHEHHBIMU
BCJIEJICTBUE IPOXOXKAECHUS B3PHIBHOW BOJHBI
CBOICTBaMU OPOABI, MOXKET MPAKTUUECKH Cpa3y
JIaTh  HEBBICOKME (C  meOmMTOM  TOpsaKa
1-5 M*/cyT) U CTaOWIBHBIE TIPUTOKH BOMBI JAXKE
B OTCYTCTBHE BEPTHKAJIBHBIX  TPEIIUH
W/WIN  «CYNEPKOJJIEKTOPOB»,  COCIUHSIOIINX
OKPECTHOCTh TPHU3a00WHONH 30HBI C TIOIOII-
BEHHBIMH JTHOO 3aKOHTYPHBIMH BOJIAMHU.

Takyro ~ OIUHaMUKy  BOJOIPOSIBICHUM

0Ka3ajoch BO3MOKHBIM BOCTIPOU3BECTH
Ha TMPOCTEHUIIMX MOAEIECH THUIA <«JIBOWHON
NPOHULAEMOCTH», C IIEPEBOIOM K MOMEHTY
Hayaja  JOOBIYM B YCJIOBHO-MOOHMJILHOE
cocrosiuue 5—10% Boapl, M3HAYAIBHO CBS3aH-
HOII B NPEUMYLIECTBEHHO BOIOHACHIIIEHHOMN

«TPENIMHHO» (HU3KOTIOPOBOii) cpere.

TexHonormyeckue NPeANOCbIUIKK
BOAOMNPOABNAEHWI B NEPUOA, A0 Hayana
paspaboTku

Hc CJICAYCM BCPOATHBIC TEXHOJOTHUYCCKUC

MMPEAINOChIIIKY, KOTOPBIEC MOINIM ITOCIYKHUTbH

TPUTITCPOM ONHMCBIBAEMBIX BBIINIC MPOIECCOB

—O—PENKOBKa
3ybouncTra A Jamieso >
3yGodicTya 2- \ N

BOJIONPOSIBIICHUI pazIMYHON CTETIeHU
WHTEHCUBHOCTH B Ta30BbIX ckBaknHax OHI'KM
ellIe /I0 HayaJla ero SKCIUTyaTalry.

UzBecTHO, 4TO nepen HayaioM
MPOMBIIIUIEHHOW Pa3pabOTKh MECTOPOXKIEHHUS,
B xome oOycrpoiictrea OHI'KM B 1971 m
1973 rr, B 3amajgHOM NPUCBOJOBOM dYacTu
LlenTpanpHOro Kymojia OBUIM OCYLIECTBICHBI
JIBA MOIIHBIX TOA3EMHBIX B3pbIBa, CYMMapHOi
MOITHOCTBIO 15 KT (00BekThI E-2, mn Carup-
1/denypoBka-1, u E-3, wumm  Candup-
2/lenypoBka-2, cMm. puc. 14). B3pbiBel ObUIH
OCYIIECTBIIEHBI B TOINIIE HIMKHEIEPMCKUX
KyHTYPCKHX COJIeH (TaJIuTOB), IEPEKPHIBAFOIINX
OCHOBHYIO 3aJIe)b, Ha TIyOuHe mopsaka 1200—
1400 M, mj1g cO3MaHUsT TEXHOT€HHBLIX 00BEKTOB —
MOJIOCTEH, C T[EeNhI0 XpPaHEHHWs Ta30BOTO
KOHJIEHCaTa TP TIOBHIIIEHHOM JaBIICHUH,
oOJyieryaromero ero JAajdbHEHIIyI0 TpaHCHOop-
TUPOBKY  TIO cucteMe  TpyOOIPOBOAOB
nmorpeburenro. B pesymbrare  mporieccos
0o0BOmHEHUS, OOpYIIEHUS W  CXJIONBIBAHUA
CO3JaHHBIX IIPU B3pPLIBAX HOHOCTeﬁ, JaHHBIC

O0bEeKTBI TaKk W He ObUIM  BBEIECHEI

B OKCILTyaTaluro.

--® Bnarocnosenka
g KapaeasHbii
Beperosoii ®

PowgecTeeH!

o Bepastka o
YKr-10 ||
e
né_muka °

Iloauron

Puc. 14. Cxema pasmelLLEeHNA reonoro-TeXHoA0rm4Yecknx oovektos E-2,3 (nam «Candup»-1,2) B palioHe
LleHTpanbHoro Kynona OHIKM, 8—10 Km toxHee c. leaypoBka n 39-40 Km toro-3anagHee r. OpeHbypra

Fig. 14. Layout plan of geotechnological facilities E-2,3 (or “Sapphire”-1,2) in the area of the Central Dome of
the oil and gas condensate field, 8-10 km south of Dedurovka Village and 39-40 km southwest of Orenburg

McmoYHUK: NoKaumnA CoriacHo cnpaBoYHbIM maTepunanam: AgepHble B3pbibl B CCCP. MupHoe ncnonb3osaHune
noA3emHbIX AAepHbIX B3pbiBoB: / MNoa pea. B.H. Muxainosa. M.: MuHatom Poccuun, 1994. Boin. 4. 162 c.

Source: location according to the reference materials: Mikhailov V.N., ed. Nuclear Explosions in the USSR. Peaceful
Use of Underground Nuclear Explosions. Moscow: Minatom of Russia, 1994. Vol. 4. 162 p. (In Russ.)
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B pesysbTare BBINICYTIOMSHYTHIX B3PBIBOB
U TOCHEAyIomeH 3a  HHUMH  Pa3psakd
HAMPSDKEHHOTO  COCTOSIHMSL  TOPHBIX  TIOPOJT
B . OpeHOypre ObLIO 3aKCHPOBAHO CEHCMH-
Yyeckoe COOBITHE MAarHuTymnol a0 5 0aJuioB.
OnwuieM, KakHe W3MEHEHHs MOTCHIIHATBLHO
MODJIM  TPOU3OUTH  MPU  ITUX  B3PHIBAX
CTPYKType  MOpOI,
ClIararolMX OCHOBHYIO 3ajie)kb B paiioHe

HEMMOCPECACTBEHHO B

HenTtpansroro kynoxa OHI'KM.

Kak wu3BecTHO, COBMECTHOE JeHCTBUE
NpSMON U OTPAKCHHBIX BOJH OT KaMy(JIETHOTO
(T. e. moazemHOro, 0e3 BBIXOAAa HA JHEBHYIO
MIOBEPXHOCTh) B3pbIBa obecrieunBaeT
paszeneHne TBEPIOTO BEIIECTBA HA MEJKHE
¢parMeHTEl. B OCHOBE JEXHUT HW3BECTHOE B
TEOPUHU M TPAKTUKE PaCIPOCTPAHECHUS yTapHBIX
BOJIH SIBJIGHWE OTpaXeHWs (poHTa ymapHOU
BOJIHBI OT TpaHUIBl pasfena cpea C pe3Ko
pa3INYalONIMMHUCS  3HAUYECHUSAMH  IIOTHOCTEH
(aKyCTHUYECKOH HKECTKOCTBIO).

[MosToMmy, 4em BBIIIIE CTETICHb
pacCuwICEHEeHHOCTH MacCHUBa TOPHOW TIOPOJEI,
MOJIBEPTraeMOl TaKOMYy BO3/IEUCTBHUIO, T. €. YEM
Ooipmie 1O pa3pe3y O0OBEKTa BBIIEISIETCS
TpaHUIL c KOHTPacTOM aKyCTHYECKOU
JKECTKOCTH, TeM  TNOTSHIMAaIbHO  CHIIbHEe
JOJDKHO TIPOSIBIISATBCSI HAPYIICHUE CBSI3HOCTH
(CIUTOMIHOCTH) W BO3HUKHOBEHHE OJOYHOCTH.
Takoit THUII Tre0JIOTUYECKOTO paspesa
npeoOyialaeT MMEHHO B 3allaJiHOW TOJIOBUHE
HentpansHoro kymonma OHI'KM, c¢ yderom
3HAUUTENILHOH TaM CTeNeHH aHTUAPUTH3ALNH
MHTEPBAJIOB HEKOJUIEKTOPA.

Cnenyer  OCTaHOBUThCS ~ Ha  Takou
Pa3HOBWIHOCTH HEYNPYrux JedopMaiuii, Kak
JTAIIATaHCHST (mpomecc HEJIMHEWHOTO
yBenMueHUs o0beMa J1e)OpMUPYEMOro Teja
B TIPOIIECCE €T0 CXKaTHsl). DTO ABJICHHE MMEET
NpakTHYeCKoe  3HaueHue g (GopMupo-
BaHUA  (WIBTPAIIMOHHO-EMKOCTHBIX  CBOMCTB

B XpYNKHX TOpPHBIX IOpoAax (Hampumep,

aHTHIPUTAX, (OPMHUPYIONMX TaK Ha3bIBaeMBbIC
«pazmenbhy MEeXAY BBIIETSIeMBIMH OOBEKTaMH
pazpaborkn OHI'KM), 3aBegomo pgaiiekux
M0 CBOWCTBAM OT «HOPMAJILHBIX» KapOOHATHBIX
KOJUICKTOPOB.

Kpome Toro, u3 oOmmx cooOpaxeHui
MEXaHWKW CIUTOIIHOW Cpeapl CIemyeT, dYTo
MpH  yCIOBUHM  TPEBHINICHUS  JaBJICHHA
(GIrOoNI0B, HACBIMAIONIAX TPEIIUHBI, OOKOBOTO
(WM «pPEaKTUBHOTO TOPHOTO»)  JaBJICHWSI,
NMOAACPIKUBATL CBOIO PACKPBITOCTH MOTYT JIMIIb
TpEUIMHbl  BEPTUKAIbHOW  WIH Onm3Koit
K TaKOBOW  OpUEHTAIlMM, B  IUIOCKOCTH,
MapajjIeIbHON IUIOCKOCTH JICHCTBUS IJIABHOM
CKUMAFOIIEH HaTpy3KH, a OCTallbHBIC
TPEIIMHBI TIOJIATAIOTCI COMKHYTHIMH. SIBIeHue
JATaTaHCUH TakKe JOJDKHO COTPOBOXKIATHCS
JIOKAJIbHBIM ~ KPaTKOBPEMEHHBIM  ITOHIKEHUEM
IJIACTOBOTO JABJICHMS, JI0 3aBEPIICHUS Tepexoa
CHUCTEMBl B HOBOE PAaBHOBECHOE COCTOSHHC
MyTeM MepepaclpesieciicHuss B IPOCTPAHCTBE
yacTu (UIroMIaIbHOM cuctemsl [28, ¢. 157-165].

[Ipn wccnemoBaHWK BIUSHUS B3PHIBOB
OOJIBIIION MOITHOCTH Ha TPEIIWHOBATOCTh OBLIO
OTMEYEHO, YTO TPU OTOM (HOPMHUPYIOTCA
CJIEeyFOIre 30HbI:

1) 3ona HHTEHCUBHOU TpEUIMHOBA-
TOCTH — XapaKTEPU3YETCs ITOSBIIEHUEM HOBBIX
TpCIIMH 110 C€CTCCTBCHHBIM MHUKPOTpPECHIMHAM,
TEKCTYPHBIM 3JIEMEHTAM I'OPHBIX IMOPOJ U 30HaM
MEXaHUYECKUX OCJTA0ICHHH. Ocobenno
WHTEHCHBHO  TPOSBISETCS  TPEIIMHOBATOCTh
MOpOJl BIOJb IUIOCKOCTEH  TEKTOHWYECKUX
TPEIIMH, COBMNAJAIIUX C  PaJdaIbHBIMU
" TaHTeHIIUAJIbHBIMU HaIpaBJICHUSIMH
OTHOCHUTEJILHO IIeHTpa B3pbiBa. [lo paauaib-
HbIM  HaIlPaBJICHUSM  OOpPa3ylOTCS  CKOJIBI,
M0 KOHIEHTPUYECKUM — pa3pbiBel. Koad-
(bI/IIJ;I/IeHT IMPOHNIIAEMOCTHU IMOPOJbl YBEJINYUBA-
ercs go 1000 pa3, mnpuueMm HauOonbliee
yBEHUYEHUE

OTIIMYacTCA 10 Jlarcepajin

(o MPOCTHPAHMIO IOPON).
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2)3oHa  OIOKOBOW  TPENTMHOBATOCTH

(30Ha TIOMHOBJICHHBIX TPENIMH) — HMEET
CUMMETPUYHYIO thopmy, B OCHOBHOM
MOBTOPSIIOILY IO 30HY WHTCHCUBHOMN

TPEIMHOBATOCTA.  HamOonpmyro  MOIIHOCTH
30Ha HUMeeT 1o MPOCTUPAHUIO u
M0 BOCCTAaHWIO TOPON, HAUMEHBIIYID —
HIDKE ITOJIOCTH u 1o MMaICHUIO
nmopon. Koudwurypanuss 30HBI CyIIeCTBEHHO
H3MEHSETCS B

CTOPOHY YBEJIUYEHUS

pa3MepoB TpH IEPECEUCHUH C TEKTOHU-

YECKUMHU HapyIICHUSIMH, npuaeM
pa3pylIeHHOCTb MaccHuBa MIPOUCXOIUT
3a cyer PaCKpBITUS CYIIECTBYIOIUX
TpPELIUH. HaubGomnee WHTEHCUBHAA

TPCIIMHOBATOCTE IIPU O3TOM  CBsA3aHa, Kak

IpaBuJIo, C OTKOJIBHBIMH SABJICHUAMHA

npu MPOXOXKACHUHI B3PBIBHBIX BOJIH
gepes HOPOJIBL c pe3koit CMEHOH
IIPOYHOCTHBIX CBOMCTB (c Ppa3InyHOU
aKyCTUYECKOM IKECTKOCTBbIO), 30HBI paccilaH-

ICBaHUA W IIPUKOHTAKTOBBIC YYaCTKH (SOHI)I

€CTECTBEHHOM JIECTPYKITUH ) [29, 30].
Koaddumment  mpoHumaemoctd B ITHX
30HaX MOXKET JIOCTHUTATh BEITUYHHBI
10 Japcu.

Bknap aBTopa

BbiBOAbI

OCOOCHHOCTSAME PETHOHATHLHOM T'eOJIOTHH
U COOOpaKEHUSIMU T€OMEXaHUKN B COYETAHUHU C
MEXaHUKOW 3eMJIETPSCEHUI 0Ka3ajJoCh BO3MOX-
HBIM OOBSCHUTH MPUYUHY M MEXaHHU3M OOBOA-
HEHHS pa3IMYHOH WHTEHCHBHOCTH Ta30BbIX
ckBkud OHIKM wu ux nokamuzanuio
B mnpenenax LlentpansHoro kymoma OHI'KM.
OddexT Tak HA3BIBAEMBIX «CYIEPKOIIIEKTOPOBY
(c mpeobrmamanvieM BEPTUKAIBLHON IPOBOIUMO-
CTH TPEIIMHHOTO THIIAa JHOO ¢ TpeodiagaHueM
JaTepajibHOM MPOBOIMMOCTHU BAOJb IUIOCKOCTEH
CpPbIBa, COMPOBOXKIAMOIINX AKYCTHUECKH JKECT-
Kyl0 TpaHWIly) B TIOICOJEBBIX cCynb(ar-
KapOOHATHBIX  OTIOKEHUsX  lleHTpasbHOrO
kynoia OHI'KM mnposBuics, kak cieicTBHe
MOIITHOTO TEXHOTCHHOTO BO3ICHCTBUS Ha rop-
HYI0 TOpoAy (TPUITEPOM TOCIYKHIN B3PHIBBI
OO0JBIIION MOITHOCTH B MUPHBIX mensx Candup-
1 u Candup-2 ¢ 1enpo co3MaHus KOHJIEHCATO-
xpanwmiia). IlonydeHHbIe 3HaHUS OOECICUH-
BalOT TIOCTPOEHHE Habopa MPUHIUIIHATBHBIX
THAPOIUHAMUYECKUX MOJICIICH, aJICKBaTHO
BOCIIPOM3BOIAIINX IWHAMHUKY W aMIUIUTYRy
BO):[OHpOSIBJ'IeHI/Iﬁ B T'a30BbIX CKBaXHMHaXx

paznnuHbIxX yuyactkoB OHI'KM.
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OF OIL AND GAS BASINS
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Geological and technological prerequisites for mass water
occurrence in gas wells of the Orenburg oil and gas condensate
field

Dmitry V. Surnachev DX
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. In the absence of a geologically sound mechanism for the introduction of water
into a gas reservoir and a confident a priori localization of potential flood zones, the adaptation of
hydrodynamic models has to be carried out based only on borehole data, which entails a high degree of
uncertainty, and therefore high prognostic risks. Objective. Reduction of prognostic risks when choosing
a pilot production site to increase the component recovery of a field (including by extracting the
“matrix” oil of its gas part). Materials and methods. Analysis of the geological and technological
prerequisites for massive premature (compared with early design documents) water occurrence in gas
wells of the Orenburg oil and gas condensate field from the perspective of modern geodynamic
processes developing in a carbonate reservoir with a high degree of bituminosity, principle
hydrodynamic modeling. Results. Understanding the geological diversity of the mechanisms leading to
water occurrences in the gas wells of the Orenburg oil and gas condensate field makes it possible to
create a set of fundamental hydrodynamic models for various reservoir sites. This reduces the
uncertainty in the identification of remaining locally trapped gas volumes and the level of risk in the
event of an improper selection of a site pilot production for increasing the component recovery.
Conclusions. It is assumed that various mechanisms of well flooding were triggered by the attempts to
create a gas condensate storage by an explosive method on the eve of development, at the stage of oil
and gas condensate field development, in the Kungur salts of the caprock of the Central Dome.

Keywords: oil and gas condensate field, gas wells, component recovery, water occurrence, tectonic
disturbance systems, fracture zones, bituminous rocks, residual water saturation
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaA cTaTbA
YK 553.98
https://doi.org/10.29222/ipng.2078-5712.2025.04

lFeonorunyeckoe cTtpoeHmne u nepcnekTUBbl HePTEerasoHOCHOCTU
OT/I0XKEHMUI Tpmuaca B 30He cousieHeHUa BUnonuckon cMHeKknnsbl
U ANAQHCKON aHTEeKNU3bI

M.M. TaxsaTynnn? D4

1 — CMBMpPCKMIA HayYHO-UCCNeA0BaTENbCKUI UHCTUTYT reoNornm, reopusnkn U MMHepPasibHoOro CbipbA,
Poccus, 630091, HoBocnbupck, KpacHbin np-T, 4. 67

2 — HoBocmnbUpCcKuiA rocygapcTBeHHbl yHuBepcuTeT, Poccua, 630090, Hosocnbupck, yn. Muporoea, 4. 2

AHHoTaumA. Lesnb pabomesi. YTOYHEHWE T[eO0/I0TMYECKOr0 CTPOEHUS OT/IOXKEHWA Tpuaca B 30He
COYSIeHEeHUA BUNIOMCKON CMHEKNM3bl U ANOAHCKON aHTEKAM3bl U BblaeseHne NepCcnekTUBHbIX C TOYKM
3peHns HedTerasoHOCHOCTM 30H M OODBEKTOB UCCAeAyeMbIX TPMACOBbIX OTAOXEHUN. Mamepuasnsl
u memoosi. B nccnegoBaHnm 6b1IM UCNOIb30BaHbI paHee onyb/IMKOBaHHbIE UTEPATYPHbIE UCTOYHUKM,
JaHHble KapoTaxa NYOOKUX CKBAXKWH, cTpaTurpaduyeckme pasbuBKM, pesysibTaTbl ONPOOOBAHWM
WMHTEPBA/IOB TPMACOBbLIX OT/IOXKEHUI B INTYBOKMX CKBaXKMHaX. CKBaXKMHHbIE AaHHblE MUCMNO/b30BaUCh ANA
KOMIM/IEKCHOTO aHa/In3a HOBbIX MaTepuasioB ceicMopa3BeaKU, NOJyYEHHbIX B XO4e CeMCMOPa3BeaoYHbIX
paboT 3a nocneaHne 10 ner. Pe3yabmamol. AHann3 ONUCAHMA KepHa W KapoTaXKHbIX Auarpamm
NoO3B0/IN/I COCTaBUTb NOJIHOE MPeAcTaBAeHWE O JITONIOTMYECKOM COCTaBe OT/I0MEeHMI U 0bCTaHOoBKax
dbopmMmmnpoBaHMA NPOAYKTUBHbBIX CBUT Tpuaca. CTpaturpadpuyeckne pasbusky 6bi1M NPUBA3aHbI B TOUKaX
CKBaXXMH K CEACMMYECKMM BpPemMeHHbIM pa3spe3am. Ha ocHOBe MpoCAeXeHHbIX CeluCMUYECKUX
rOPM30HTOB MOCTPOEHbI CTPYKTYPHbIE KapTbl M KapTbl TO/LMH TPUacoBoro Komnnekca. OKOHTypeHbl
30Hbl BbIKAIMHUBAHNA HEAEK/IMHCKOM, MOHOMCKOWM U TaraHAMKUHCKOW CBUT. [0 ceMcMMYecKUM AaHHbIM
6bl1M BblAeNEHbl WU NPOTPACcCMPOBaHbl PaspbiBHble HapylweHuA. MMpyM KOMMAEKCHOM aHanu3e Bcex
No/lyYeHHbIX Pe3y/NbTaToB B XO4e WHTEPMpeTaummn CKBaXKUHHbIX U CEMCMUYECKMX AAHHbIX BblAeneHbl
nepcneKkTuBHble HedpTerasoHocHble 30Hbl U 06bEeKTbl BOAM3U AIUHUIA BbIKAMHMBAHMA. Bbigoobl.
HeaskennHcKkaa cBUTa pacnpocTpaHeHa Ha 3HauYUTe/IbHO MeHblieil NAoWaAn, Yem OCTajibHble CBUTI
Tpuaca. lnowaan pacnpocTpaHeHUs TaraHAMUHCKOM WM  MOHOMCKOM CBWUT coBnagator. B 30He
BbIK/IMHUBAHWNA BbICOKA BEPOATHOCTb Ha/IMUMA MECYaHbIX OT/IOKEHUI — NOTEHUMAbHbIX KOJINEKTOPOB,
KOTOpble, COKpawasacb B TOAWMHAX, GOPMUPYIOT  JIMTONOTUYECKM OrpPaHUYEeHHble  JIOBYLIKK
ONna yrnesofoponoB. B 3anagHoOM M ceBepHOW 4acTax Mccnenyemolr TeppuTopuu MNepcreKkTUBbI
HedTerasoHOCHOCTU CBA3aHbl C aHTUKAMHANbHBLIMW CTPYKTYPaMW, OC/IOMKHEHHbIMU Pa3pbiBHbIMK
HapyLweHUAMU. KOHTYpbl NePCNEeKTUBHBIX 30H M 06BEKTOB MOTYT MOCAYXKUTb 4NN YTOUYHEHUA HanpaBaeHUs
OaNbHENLNX reoNorMYeckmx U reoPpusnyeckmux nccnegoBaHnii TeppUTOpMM Ha HedTerasoHOCHOCTb.

b4 TaxsatynnH Matselt Muxaitnosuy, m.takhvatulin@g.nsu.ru
© TaxsatynnH M.M., 2025
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Ona uutuposanua: TaxeamyauH M.M. Feonormyeckoe CTpoeHMe M nepcnekTuBbl HedTerasoHOCHOCTM
OT/IOXEHWI Tp1aca B 30He CoUieHeHNA BUAOIMCKO CUHEKM3bI U ANAaHCKOW aHTeKkNu3bl // AKTyanbHble
npobnembl HedTH U rasa. 2025. T. 16, Ne 1. C. 76-98. https://doi.org/10.29222/ipng.2078-5712.2025.04

BeepeHue

Bumroiickasg  cuHeKJIM3a —  KPYNHBIA
T€0JIOTHYECKUI OOBEKT, KOTOPBIH PACIIONOKEH B
neHTpanbHol  vactu  Skytun.  OOBEKTOM
WCCJIEIOBAHNS SABJISIOTCS TPUACOBBIE OTIOKEHHUS
Bumotickoii  cuHeknu3bl.  BOnum3um  paiiona
WCCIIEIOBAHHSA K 3TUM OTIIOKEHUSM
MPUYPOYEHBI NPOMBINUICHHBIE 3al€KH Ta3a U
ra3oBOro KoHeHcara. B HeHTpalbHbIX palloHax
SlkyTin B TmOcnenHHE NECATH JIET MPOBEICHBI
3HAYUTEJIbHBIE OOBEMBI CelCMOpa3BelOYHBIX
HCCIIEI0BaHUN. NHuTtepnperanus 3TUX

MaTepualoB BKYyIIE co CKBOKUHHBIMU
JAaHHBIMH ~ JTaéT  BO3MOXKHOCTb  YTOYHHTH
Te0JIOrHYECKOe CTpOeHHE u OIICHUTh
MEPCIIEKTUBEI HE(TETa30HOCHOCTHA TEPPUTOPHH.
[IpoMbIIUIEHHBIE  3aJIEKU B HCCIEAYEMBIX
OTJIOKEHUSIX TpHUaca OTKPBITHL B Ipeaenax
Xamuaraiickoro MeraBajga — — KpYIHOM
MOJIOKUTENIBHOM ~ TEKTOHUYECKON  CTPYKTYype
B LEHTPAJIBHON 4acTU BUIIOWCKONW CHUHEKJIU3BIL.
YuuTeiBass Hanuuue MOOIM30CTH PaOOTAIOIINX
ra3onpoBOJIOB M Pa3BUTOH HMHQPPACTPYKTYPHL,
1eNIeco00pa3HbIM SBJISIETCS. BBIJECJICHHE HOBBIX
NEPCHEKTUBHBIX OOBEKTOB JUIA JAJIbHEHIINX
uccienoBannii. HaOmrogaercss MOBBIIEHHBIN
MHTEpEC KOMIIAHUN HEPOTIONIB30BaTENEN K 3TOM
TEPPUTOPHH B MTOCIEAHNE TOABI (pHC. 1).

B ueHrpansHOM yactu  Bumroiickoit
CHHEKJIM3Bl 3aJI€KH B TPHUACOBBIX OTIIOKEHUSX
MPUYPOUYECHbl K AHTUKIMHAIBHBIM TOTHSATHIM.
Ilppy  3TOM  MHOTMMHM  HCCIIEOBATEISIMU
NEPCHEKTUBbl OOPTOBBIX 4YacTeil CHHEKIIU3BL,

B YaCTHOCTH IOXKHOI'O 6opTa, rpaHnvamiero

¢ AngaHCKOM  aHTEKIM30H,  CBA3BIBAIMCH
C 30HAMH BBIKIMHUBAHHAA  MPOIYKTHBHBIX
CBUT Tpuaca. BrIicKa3pIBAIKUCH TPEITOIOKCHUS
0 BO3MOXXHOM (hOPMHUPOBAHUM HECTPYKTYPHBIX
3alieKeit B ITHX  30HAX  COKpaICHHS
TOJIILIUH [1-3]. JIuaus BBIKJINHUBAHUS
OTIIO’KEHUH Tpraca MPOBOIMIACH, OCHOBBIBAsICH
Ha MaTepraiax HEMHOTOYHCIICHHBIX CKBa)KWH,

M B MEHBIIEH CTEIEHH HAa CEUCMHYECKHX

JTAaHHBIX, o MIpUYUHE 150.¢ HU3KOU
uHpopMaTtuBHOCTH.  HoOBBIE  celicMuuecKue
JIaHHbIE  JIy4lIer0  KadecTBa  IO3BOJISIIOT

JIOCTOBEPHO OIPEJCIUTh O0JaCTH COKpaIlleHHS
TOJIIMH, W BBIJACIUTH CBS3aHHBIE C OSTUMH
obnactsiMu  HeTera3onepCreKTUBHBIE  30HBI.
Kpome »3TOro, ¢ mOMONIBI0 KOMILIEKCHOU
VWHTEpHpPETAalUd CKBAXUHHOW U CEHCMUYECKOUN
nHpOpMaITUU MOTYT OBITH BEIJICTICHBI
AHTUKJIMHAJbHBIC TIOJHATHS HA TEPPUTOPHUU
I0KHOTO  OOpTa, KOTOpBIE TIO  aAHAJOTHU
C YK€ OTKPBITBIMH 3ajeKaMy Ha Xamyaraiickom
MeraBajly MOTYT SIBJISITbCS  CTPYKTYPHBIMH
JIOBYIIKAMHU JJIsl Ta3a M Tra3oBOro KOHJEHcaTa
B MOpoAax Tpuaca. AHamu3uMpys paHee
onybnaukoBaHHyl0 HHMopMmanuio [4-6], ObuIO
chopMynHpOBaHO MIPETOIOKEHUE, 4TO
(OpMUPOBaHUE  TOJIOKUTEIBHBIX  CTPYKTYP
MOXKET OBITh CBS3aHO C  peakTHBAIHMen
JIIPEBHUX pAa3IOMOB, KOTOpBIE 00pa30BaUCh
B IIO3MHEM JEBOHE M OBUIM TEPEKPHITHI
MEPMCKUMH W  TPUACOBBIMH  OTJIOKEHUSIMHU.
WuTepriperaiiyst HOBBIX CEHCMUYECKHIX Pa3pe30B
MOXET  IOMOYb

MNOoATBCPAUTD JAaHHYIO

THIOTE3Y.
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Fig. 1. Map of the study area
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L[eJ'IBIO paGOTLI ABJIACTCA  YTOYHCHHC
TCOJIOTNYCCKOI0 CTPOCHUS OTJIOKECHUI Tpuaca

B 30HE cOwIleHeHHs BUIIONCKON CHUHEKIIN3BI

A ANJaHCKOH aHTEKIM3bl MW BBIIEJIEHHE
MEPCIEKTUBHBIX C TOYKH 3peHus
He()TETa30HOCHOCTH 30H M OOBEKTOB IS

HCCIIelyEMBIX OTJI0KEHUMN. BblenseMble 30HbI U

00b €KTBl, MOT'yT TIIOMOYb B OIIPCACICHUN

MPUOPUTETHBIX HAINPABJIEHUIN IOMCKAa HOBBIX
3ayiexKel Ha TaHHOW TEPPUTOPHH.

UcTopua uccneposaHna TpUacoBbIxX
OTNOXeHu Buniocko cMHeKAun3bl

HCpBLIC CBCACHUA (0) Heq)TH

Ha  TEppUTOpUU  Buitolicko  CHHEKIIM3BI

JnaTtupyroTcs KoHoM XV — HayanoM X VI Bekos.

MeCTHBIMH ~ KUTETSIMH ~ ObUIM  OOHApY>KEHBI

BBIXO/IbI HedTH Ha BOJIOpa3nene

MEXTY pexaMu Buntoit u Jleno#,

a TaKXKe Buros.

Ha

Ha IMPpUTOKAX

CCBCpPO-3aragc BCTPCHAIUCh «TOPHOYUC

KaMHW» M <«JIypHO TaxHymias >KHUJIKOCTb.
B wmagame XX Beka ObUIM  IPOBEICHBI
reoJornyecKkue wucciemoBannsa. Ha ocHoBe

aHajin3a TICOJOIrMYCCKOI0 M TCKTOHHYCCKOI'O

ctpoenusi  Cubupckodl  ruiaropmbl  ObUH

MPEII0KESHBI Hanboee MEPCIIEKTUBHBIC
JUIS
cpenu

CHHCKJIMN3a.

IIOUCKOB  yIJIECBOAOPOAOB

KOTOPBIX

TEPPUTOPUH,

Haxoaujgack Burronckas
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B cepemnae XX BEKa OBLTH
000CHOBaHBI MEPCIIEKTUBH HE(PTEra30HOCHOCTH
Me3030Mckux oTiokeHud IIpensepxostHCKOrO
npornba u Bumoiickoil cuneknu3sl. B 60-e
TOJIBI TEOJOTO-TeO0(U3NIECKIE HCCIETOBAHIS
BBISIBIUIA HECKOJIBKO TIOJIOKUTENBHBIX CTPYKTYD,
Ha KOTOPBIX OBUTM MPOOYypeHBl TOMUCKOBBIC
Y Pa3BEJIOUHBIC CKBAXKUHBI [7].

3HAaYUTENBHBIA  BKJIAM B  W3yYeHHUE
re0JI0ruYecKoro CTpOEHUS Butoiickoi
CHHEKIIM3bl BHeCIU NpoOypeHHble Bumoiickas,
Hamckas, baxbiHalickas OIOpHBIE CKBa)KHMHBI,
a TaKKe CTPYKTypHO-TIOMCKOBas SIKyTckas
ckBakuHa. [IepBblil MPUTOK ra3a ¢ KOHAECHCATOM
OBLI TMOJTyYeH U3 CKBRKUHBI Ha Y CcTh-Buutroiickoit
mwiomand B 1956 1. OcHOBHBIE MaTepHabI
Mo JaHHBIM TIyOokoro OypeHus  ObuH
0000mensl B 60-x Tromax TMPONIIOTO BeEKa.
beuma  moarBepkaeHa — He(TErazoHOCHOCTH
Me3030MCKUX OTiI0kKEeHUH. (OCHOBHBIE CHJIBI
OBLIO pelieHo HampaBHUTh Ha Ooiee TIyOoOKoe
m3yuenne IIpemBepxostHckoro mporuba u
Butotickoit  cunekiau3el. B 1960 1. ObLIO
oTKpbeITo COOOXaWHCKOE MECTOPOXKICHUE Taza
M Ta30BOTO KOHJEHcaTa. bypeHue IM03BOIHIIO0
BEISIBUTh  BaXKHBIE OCOOCHHOCTH  CTPOCHUS
30HBl COWICHEHUs] BUIIONCKOM CHUHEKIU3bI
u  [IpenBepXosHCKOro  KpaeBoro IMporuoa.
bbulo  yCTaHOBNIEHO COKpalleHWe  TOJIIHUH,
WCYEe3HOBEHHE  MHOTOJETHEMEP3NIBIX  IOPOJ
B pyciie JleHBI, YIUIOTHEHHE IMOpOA, HAIW4He
pasIoMOB pa3HBIX BUAOB [7, 8].

OmHo ®3 BaXHEHIINX  JOCTYDKEHUH
MPOBEJICHHBIX PAa0OT — OTKPBITHE KPYITHOM
CTPYKTyphl ~—  Xam4araiickoro Mera,aja,
KOTOpBIN pacrojio’keH B LeHTpe Buiroickoii
cuHeKm3bl. Ero 3HauWTenpHBIE  pa3Mephl,
BBICOKAass  aMIUIATyJla, HajJWdue B  €r0
CIpYKTYp
MTO3BOJIMIIM PEKOMEHOBATh €T0 IS MTOMCKOBBIX

npenenax AQHTHUKJIMHAJIBHBIX
M pa3BelOYHbIX pPaboT. bBBUTH  OTKPBITHI
KpYTHBIE Ta30Bbl€ U T'a30KOHAECHCATHBIE MECTO-
poxnenns — CpenHeBumoiickoe, bagapaHckoe,
Macraxckoe,

Hemxenuackoe,  TomoHCKoe,

HwxneBumoiickoe. IlocTeneHHO MPOUCXOINIO
pacmiipeHre IUIOMIagy Te0JIOTOpa3BeOUHBIX
paboT, a TaKKe BOBJICUCHHC B H3yUYCHUC
HOBBIX CTpaTUrpapuIecKux TOPU30HTOB.
B 1984-1986 rr. Oputla mpoOypeHa camas
riryOoKasi Ha TOT MOMEHT CKBaknuHa B Cubupm —
CpenneBmiiolickass ckBakuHa Ne 27 TiryOUHOM
6519 M. OHa BCKpbUTa HanOOJIee MOHBIN pa3pes
OTJIOXKEHUI Mella, I0pBI, Tpraca u mepmu [8].

[Ipomebmmiernoe OCBOEHHE MECTO-
POXKICHHUN TMPUPOIHOTO Tra3a OBLJIO HAYaTo
¢ Ycrb-Bumtoiickoro mecropoxxaenus B 1986 r.
Ha 6a3e sToro mectopoxaenusi 66u1 00yCTpOCH
MOJTHOIIGHHBI ~ TPOMBICETT W MPOJIOXKEH
MarucTpajbHBI Ta30mpoBOA JIUHON 292 KM
no Ttopoma Skyrcka. CdopmupoBaBmmiics
Bunmroiickuid  ra3oBbI  KOMIUIEKC — BKJIFOYA
B cebs cucreMy Ta3olpOBOJOB, KOTOPBIC
U 10 ceil JieHb 00ECICYMBAIOT Ta30M pPaiOHBI
HueHTpainbHOM SkyTun [8].

K konmy 80-x TOOOB  akTUBHBIE
reoJIoropa3BeoyHble pPaboThl OBLITM 3aKOHYCHEI.
K »TOMy BpemMeHH 1EeHTpanbHble pailoHBI
CUHEKJIM3bl, TJE€ PacloyioXkeH Xamyaraickui
MeraBajl W OoOJbIIas 4acTh MECTOPOXKICHUH,
ObUTH JeTalbHO W3YYeHBl. B To ke Bpems,
OOpTOBBIE 30HBI OKa3aJMCh U3yYEHBI B TOPa3jo
MEHBIIIEH CTEeNeHU, a Majoe KOJUYECTBO
KOHJUIIMOHHBIX JAHHBIX HE IIO3BOJISIIO
MOATBEPANUTh TEPCHEKTUBHOCTh TEPPUTOPHH.
Ho cepenunbl 2010-x roaoB, peruoHaNbHbIE
WCCIEA0BAHMS HE 3aTparMBaid  Buimolickyro
CHHEKJIM3Y, Tociie d4ero, HaumnHas ¢ 2013 r.,
ObUTH  TIPOBEJICHHI  3HAYHMTEIbHBIE OOBEMBI
reoQU3MYecCKuX  UCCIEAOBaHWUU, B  TOM
quciie HamOoJee BaKHbIE C TOYKH 3PCHHS
YTOYHEHUSA

T€OJIOTHUYCCKOI'O CTPOCHUA

OTJIOKEHUH  celicMOpa3BeOYHbIE  PAaOOTHI.
HedrerasoBbie kKoMmaHWHM TPOSBISIOT CBOIO
3aMHTEPECOBAHHOCTh K YydJacTKaM HeAp Kak
B Mpefenax ykKe XOpOIIo M3yYCHHBIX PaiOHOB
CHHEKJINU3bl, TaK U PACIHOJIOKEHHBIX Ha FOKHOM
0opTy B 30HE COWIECHEHHS C AJJaHCKOU

AHTEKJIN30M.
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Ha cerognsmnuii 1eHbr Ha TEPPUTOPHUU MPOTSDKEHHOCTh  CEMCMHUECKHX — Tpodueit,
CHHEKIM3Bl  TpobypeHo 373  CKBaKHHBI. pPacCMOTpPEHHBIX B pabdoTte, coctaisger 8300 kM,
B npeaenax paiiona HCCIICIOBAHUS IJIOTHOCTh CEUCMOpPAa3BEIKU 0,087 km/kM?
npoOypeHo 102 CKBaKHMHBI. Oobmas (puc. 2).
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Puc. 2. KapTa U3y4yeHHOCTM BypeHuem 1 celicmopasBeKom
30Hbl COYNEHEHNA BUNIONCKOM CUHEKNN3bI U ANJAHCKON aHTEKNU3bI
Fig. 2. Well and seismic study map of the Vilyui syneclise and the Aldan anteclise junction zone
UcmouHuk: no matepuanam AO « CHUNTTUMC»
Source: based on SNIIGIMS data
Feonornyeckoe cTpoeHue TPUACOBbBIX 3aJIErarIUMU Ha KPUCTAININYECKOM

OT/IOXKeHui

Cmpamuzpadpusa u 06cmaHoe8Ku

0CaOKOHaKonAeHus

OcaaouHbIi 4exoJl Butroickoit
CHHEKIJIH3BI MPEeJICTaBIICH OTJIOKCHUSAMU
pudeiickoro,  BEHACKOrO,  MaJIE030HCKOro,
ME3030HMCKOTO, KaMHO30HCKOTr0o BO3pacTa,

¢yrnamente. MakcumalnibHasi TOJIIMHA YeXJia
B IIEHTPAJbLHONW dYacTh npocturaer 14 kM u
YMEHBINIAETCST B HANpaBlIeHUH €€ OOpTOB
(3amagHOM, IOKHOM, ceBepHOM). DyHIaMEHT

MIPEICTaBISIET co00if

KOMOWHALHIO
WUHTPY3UBHBIX, 3(QY3UBHBIX TMOpPOJ pa3HOU

cTeneHn Metamopdusma [7].
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OTioXeHHs  Tpuaca C  IEPEPHIBOM
3aJIeraroT Ha MEPMCKHX.

Crparurpadus TpHaca
paiionoB Cubupckoil miaathopMbl pa3BHBaiach

BOCTOYHBIX

¢ cepeauHsl mpommioro Beka. B 1981 T
Onu1a chopMupoBaHa CTpaTUrpapuIecKas cxema
TpuacoBbix  oTnoxkeHuil. [lozke  maHHas
CXxeMa U CONYTCTBYIOIEE paiOHMpPOBaHHE
OopuTH opaboTanpl. B pesynerate Bmmoilickas
30Ha Obputa  pa3iereHa Ha  HECKOJIBKO
paiioHOB,  Pa3IMYAIOIIMXCS MO  CTPOCHHIO
paspesa [9]. [Tnomans HCCTICAOBAHUS
Haxonutcs B mpenenax CpelHEBHIIONCKOro
paiioHa.

Pa3zpe3s Tpumaca mpencTaBiIeH OTIIOXKe-
HUAMU YCTBIPEX CBUT, OIMUMCAHHBIMHU HWIKE
(cam3y BBepx) [9].

Hemxenunackast cButa (MHIACKUH sIpycC)
nmpeacTaBjicHa NECTPOUBETHBIMH aprujuinTaMu,
AJIeBPOJIUTAMH.

Copepxur MIPOCIIOU

MECYaHUKOB, Ty 0oaJeBpOIUTOB, Ty}OB.
Berpewarorcss  mmacroBele  Tenma 3¢ ¢y3uBOB,
B OCHOBHOM  TATOTCIONIME K  CEBEpO-
3alaJHOM  4YacTU  CHHEKJIM3BIL. ITopons!
OT 3elIEHO-CEePhIX JI0 KPacHOBAaTO-KOPHUYHEBBIX.
Tonmmnaa mensiercst ot 60 g0 100 M [9].
TaranpkuHCcKasi CBUTa (MHACKUN SpYyC)
CJIOKEHa

NeCYaHUKaMH C IMpoCJI0AMHU

aJeBpOJIMTOB M aprWUIMTOB,  MECTaMH
KOHIJIoMeparamMu 1 Opexumsimu. HaGmroparotes
TydorecyaHuku,  Ty(OaNeBPOIHUTHI,  TY(HL.
Ilecuanuku pa3Iu4HON 3C€PHUCTOCTHU.
3HauynTeNbHAS  TOJNIIUHA, TPH  HEOOJIBIIOM
BPEMEHHOM MIPOMEXKYTKE, YKa3bIBaeT
Ha OONBUIYI0O CKOPOCTh TMOCTYIUICHHS H
3aXOPOHEHHUS 0CaI0vHOTO MaTtepuaia.
IloaTBepkieHNEM 3TOMY CIy)KaT H pEAKHe
opranundeckue octatku. Tommuna 10 500-600 m
[3,9]

MoHOMCKasi CBUTa OTHOCHTCS K OJICHEK-
ckomy spycy. CoOCTOMT W3 MEeCTpPOIBETHBIX
apruIMTOB €O CJOSMH  aJIEBPOJIUTOB.
ApPruuiMTel MECTaMH MATHHUCTBIE C JIMH3aMH

MECUaHWKoB, Ty(orecuaHnkoB. Berpeuarorcs

CKOJIKM BYJIKAaHWYECKOTO CTeKJia, 0a3albTOB.
Tommunaa go 220 M [3, 9].

Tynypckass cBuTa (OXBaTbIBAaeT CTPaTH-
rpadUuecKUii WHTEpBaJl OT BEPXHEW YacTH
OJIGHEKCKOTO sipyca [0 PITCKOTO  sipyca)
CIOXEHa  Pa3sHO3EPHUCTHIMH  IMEeCYaHHKAMH
JI0 TPaBENUTOB. MeXAy IeCUaHbIMU CIIOSIMHU
pacrojararoTcsi Majble MO TOJIIMHAM IPOCIIOU
aJEeBPOJIMTOB W aprHWIUIATOB. BcTpewaroTes
Opexkyny, KOHKpEIUH THpUTa U CHACPHUTA,
octratku pacteHuil. Tonmuna nocturaer 730 M
(3, 9].

Ha mopomet Tpmaca co  cmabo-
BEIP2KCHHBIM HECOTJIACHEM JIOJKATCSl FOPCKHE
OTJIOKEHUSL.

OnHolt M3 TNaBHBIX  OCOOEHHOCTEH
TpeX CBHUT HIDKHETO Tpuaca — HEIKEITHHCKOH,
TaraHPKMHCKOM ¥ MOHOMCKOM — sIBIsIeTCS
HaIMYUe B MX  pa3pe3ax  OOJIBIIOTO
KOJIMYECTBA BYJKaHOTE€HHO-OCAJOYHBIX TOPOI,
YTO OTBEYaeT OOmUM  Maneo00CTaHOBKaM
Ha TPAaHHLE TNEPMCKOH U TPHUACOBOM CHUCTEM,
CBOWCTBEHHBIM TeppUTOpUHN Bcell CHOMpCKOWM
TIaTOPMEI.

BonpmMHCTBO MCCenoBaTeNneil CYUTAOT
[3, 9], uTO B TpHace OCHOBHBIMU HMCTOYHHUKAMHU
CHOCA TEPPUTCHHOTO MaTepualia SBISUIHCH
Amnabapo-Orenekckoe momHsATHE, AHa0ApCKHUHA
CBOJI ¥ CEBEPHBIN CKIIOH AJITAHCKON aHTEKITU3HI.
CoctaB 00JOMKOB TIOpOJI B TEPPUTEHHBIX
OTIIOKEHUSIX  YKa3bIBaeT, YTO Pa3MBIBAIHCH
MOpOAbl  TPAaHUTHOTO  psiAa, a  TaKxke
MeTaMmopduieckue u 3Q y3uBHbBIC TOPOJIBI.

Uccnenoparensimu [3] TaKke
YCTaHOBJIEHO, YTO B TPHAacOBOE  BpeMs
CKOPOCTh  CEAMMEHTAIlM Ha TEPPUTOPHH
Butroiickoit cuHEKITN3bl ObLJIa OYCHH BHICOKASI.
O0 »3TOM CBUAETENIBCTBYIOT 3HAYUTEIbHBIC
TOJIIMHBI HUKHETPUACOBBIX OTIIOKeHHH (800—
1000 ™M), HakKOMUBIIUXCS 332 HEOOIBIION OTPE3OK
Te0JOTMYECKOr0 BpeMeHu. Bce »Tm daxTopsl
00yCTIOBUIIM CIIOKHOE JIUTOJIOTHYECKOE CTpoe-
HUE pa3pe3a U HEOJJHOPOJIHOE pacIpOCTpaHEHHE
IO TIJIOMIAIA OCAZAOYHBIX TEJL.
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Hecmotpss Ha  OombIIyl0  CKOpPOCTH
MOCTYIUIEHUSI Marepuana, TOT (akT, dYTo
JUIL BCEX YEThIpeX CBUT TpUaca HMeEeTCs
0/lHa 3aKOHOMEPHOCTH paclpeAesieHHs TOJIINH
— COKpalleHHe B [0)KHOM  HallpaBJICHUU
K OOpTy CHHEKIM3bl — YKa3blBaeT Ha TO, YTO
MMOBEPXHOCTh OacceiiHa Iporudaiachk ObICTpee,
YyeM  MaTepmal  yCmeBaJ  MOCTyHarb, |
MOTPYXKaJlaCh CTAOMIBHO Ha MPOTSKEHUH BCETO
TPHACOBOTO MEPHOJA.

HCZ[)KCJ'IHHCK&H U MOHOMCKass CBHTHI
CBOMM Oonee TJIMHUCTBIM COCTaBOM
ACMOHCTPUPYIOT, YTO B MOMCHT HUX HAKOIIJICHUA
TEPPUTOPUS Buntolickoit CUHEKJIU3bI
3aTaliiBallach 3a CYeT IOABEMa ypPOBHS
Mops.  CoxpaHeHWe TpeHJa  COKpAIIeHHUs
TONIINH JJsi OoJiee TeCUaHBIX TaraHIKUHCKOM
U TYIypCcKOWM CBUT yKasplBaeT Ha TO,
YTO MH3MCEHCHHA B JIMTOJIOTHYECKOM COCTaBEC
B MEHBIIIEH CTEIeHU CBSA3aHbl C TEKTOHHYE-
CKUMH  TpoueccamMu. B TekTOoHHWYEecKOM
IUTaHE TEePPUTOPHS CTAOMIBHO TOTpYXKauach,
a  IIMTOJIOTMYECKWE  W3MEHEHHUS  CBS3aHBI
C KoJeOaHUSIMH YPOBHA MOpPS M COCTaBOM
MOCTYMAIOIIEr0  OT  WCTOYHHKOB  CHOCa
MaTepraIoM.

OCHOBBIBasICh Ha UCCIIEZIOBAHUSX,
BBITIOJIHGHHBIX paHee [3, 6, 9], anammze
KapoTaka CKBaXHH B HHTepBajax 3aJleraHus
CBUT HW)XHETO0 Tpuaca M paclpeleleHus
TOJNIIMH TI0 TEPPUTOPHHU, MOXKHO CHAENaTh
BEIBOJI, YTO HanOoJee BEPOSATHBIMU (PaKTOpaMH
(hopMUPOBaHUS  OTJIOKEHUH JaHHBIX CBWT,
ObUTM BPEMEHHBIE U TOCTOSHHBIE ITOTOKHU
B IpUOPEKHO-MOPCKOI 0OCTaHOBKE.

Bo Bpems = HakomieHHs ~ OCaJKOB
HE/DKETMHCKONH CBUTHI YPOBEHb MOpS  OBLI
BBICOKMM, paclpeiesieHre Tel IeCYaHHKOB
B LEHTPAJIbHON 4acTH Bumroiickoit
CUHEKJIM3bl TPOUCXOJWIO HE3aKOHOMEPHO U
KOHTPOJIMPOBAJIOCH Malieopeiabedom, ¢ ydeToMm

PE3KUX I'paHUILL naneobacceliHa H HaIlpaBJICHU

MepeHoca MaTepuaia, HauOoJIbIlee KOJTHIECTBO
MECYaHBIX OCAJKOB MOIJIO  HAaKaIUIUBAThCS
BJOJb OEperoBelXx JIMHUH, TO €CTh BIOJb
O0opToB BumOWCKOW  CHHEKIH3BI, KOTOpBIE
3a CcyueT CTaOWJIBHOTO TMOTPYKEHHS Hacje-
JIYIOTCSI B COBPEMEHHOM CTPYKTYPHOM IUIaHE.
Brimecka3anHoe CIIpaBEJINBO u JUISL
MOHOMCKOH CBHTHI, C ITONPAaBKOH Ha OoJbIIce
€€ PacHpOCTPaHEHUE IO IIIOIIAIH.

Pa3pes TaraHmKMHCKOW CBUTBI Mallo
MOJBEP)KEH  M3MEHEHHAM 10  IUIOLIAAH
(32 HCKIIOYCHHEM COKpalllcHUusT B 00beMme),
BEpOsITHEE BCETr0 H3-3a TOro, 4YTO OeperoBas
JUHUS 32 CUeT TAaJEHUS YPOBHI MOPS
BOCTOYHOM

CMCIICHA B HaITtpaBJICHUU.

[lecuanukn  3HAYMTENBHBIX  TOJIUMH M,
BEPOSITHO, C  BBICOKMMHU  KOJUIEKTOPCKUMH
XapaKTepUCTUKAMH DPACHpPOCTPAHEHBI Ha BCEH

TEPPUTOPUHU BUITIONCKON CUHEKIIN3BI.

TekmoHuka

Buwmoiickass cuHeknu3a — oTpuLareiabHas
CTPYKTypa OCaJ0YHOTO 4YeXjla BOCTOYHOU
okpauHbl Cubupckoi riatgopmel. Paiion pabdot
pacrionaraeTcss B Ipelesiax €€ COUICHEHHS
C MOJIOXKUTENBHOU CTPYKTYpOH — AJJaHCKOM
AQHTEKJIM301, a TaKKe OXBaTBHIBAET BOCTOYHBIC
OKOHYAHMSI TpexX CTpykTyp: blrelarTuHckoit
n Kemmnenmsiickoit BmaguH u CyHTapcKoro
nogusTHs (puc. 3).

WHTeHcHBHAas HCTOPUS TEKTOHHYECKOTO
pa3BUTHUS TEPPUTOPUU TIPOSBISETCS B IMOJHOM
paspese 0Cca04YHOro 4exJia, B KOTOpOM, HaunHasl
c pudes, NPUCYTCTBYIOT TMOPOJBI KaKIOH
cucteMmbl. BepxHss MaHTMS B palioHe
Buntolickoil CHHEKIN3bl HMEET CHHKEHHYIO
OTHOCUTENIFHO Bcel TUIaT(OpMbl TIOTHOCTH
BeIIeCTBa. JTO TOATBEP)KIAETCS pe3ylbTaTaMH
WCCIIEIOBAHNS  TPaBUTAIMOHHBIX  AHOMAJIHH
B mpenenax miathopmel [10]. Ormeuaercs
CHI)KEHHAs  TOJIIMHA  KOHCOJIHIMPOBAaHHOM
Kopsl [11].
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Puc. 3. ®parmeHT TEKTOHMYECKOW KapTbl HepTerasoHOCHbIX MPOBUHUMI CMBUpPCKOIM NaaTdopmbl
Fig. 3. Fragment of tectonic map of the oil and gas provinces of the Siberian Platform

NcmoyHUK: TeKTOHMYecKas KapTa HedTerasoHOCHbIX NPOBUHUMI CUBUpPCKOMN NaaTdopMmbl.

MacwTab 1:5 000 000 / Moga, pea. B.C. Crapocenbuesa. Hosocnbupck: CHUMITMMC, 2018

Source: Staroseltsev V.S., ed. Tectonic Map of the Oil and Gas Provinces of the Siberian Platform. Scale 1:5,000,000.
Novosibirsk: SNIIGGiIMS, 2018. (In Russ.)

B nosmHem 1nporepo3oe Ha  MecTe 30Mckuit  ckiamgareiii  mosic. CoctaB  ero
Burolickoit CHUHEKIIH3BI MIPUCYTCTBOBAI o MaTepHagam KepHa CKBAYKUH
nporuo, MPENIOTIOKUTEIBHO CBSA3aHHBIN NpPEACTaBIeH MeTaMOPQHUUYECKMMHU IOPOAaMH,
¢ pU(TOBBIMH MPOTEPO3OHCKUMHU CTPYKTYpPaMH. 9T0  O0OCHOBAaHO  KEPHOM, pe3yjbTaTaMu
KoHTypel ~ WacTH  CTpyKTyp yxe  ObUIH Aa9POMAarHUTHBIX u 1aJIEOMAarHATHBIX
MPOSIBJIICHBI.  BEHA-CUIYpUICKMH  KOMIUIEKC uccnenoBannii. OTMewaercds W YTOHEHHE
OTJIOKEHUI XapaKTepU3yeTcs HaJIM4¥eM KOpsl B OTOM paloOHE, 4YTO CBS3bIBAETCA
IPOTSKEHHOIO PErHOHAIIBHOTO nporuba. ¢ ¢opMHUpOBaHMEM TIACCHMBHON KOHTHHEH-
IIporu® oxaHYMBajCI Ha CEBEPO-BOCTOKE TaJbHOW OKpauHbl U pudToreHe3oMm. Ha yposHe
Bunoiickoli BnajguHOM, KOTOpas oOXBaThIBajia OTJIOKEHUM HIDKHEIO I1ajJIe030S1 BBIACIISAETCS
3HAUUTENBHYI0 YacTh BOCTOYHOW OKpPavHBI 30Ha MNPOrubaHusi C TOJNIIMHON OTJIOKECHHUH
Cubupckoit  tatpopmer  [10]. B xozme 10 5 kM.

HCCIIEIOBAHUM, TIPOBEJEHHBIX B TMOCIEIHUE

necartunetuss XX Beka, B CTPYKType

1

dyHmaMenta oz Bumoiickoil  cHHeKIHM3OM TexToHMKa, TeOAMHAMHMKA W  METAJUIOTCHHSA
. tepputopun PecryOnuku Caxa (Sxytus) / OtB. pen.

BpitesseTcs  HropOMHCKuH  TIO3/HENpoTepo- JLM. Ilapdenos, M.UM. Ky3pmun. M.: MAUK

«Hayka/UuTepnepuoanka», 2001. 571 c.
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OgarM #W3  BaXHEWIINX  MOMEHTOB
B TEKTOHMYECKOM pa3BUTUU  Buoiickoit
CUHCKJIM3BI SIBIIICTCS PU(PTOreHE3 Ha YPOBHE

MO3/HETO  JIEBOHA. Ha  »3tom  arame
chopmMupoBaIUChH KOHTYPBI 3amagHo-
Bumoiickux crpyktyp — blrelartuHckas u

Kemnenpsiickas Bmamuubl, CyHTapcKuil CBOJI.

Ob6pazoBanuch 3HAYUTEIbHBIC CUCTEMBI
Pa3phIBHBIX HAPYIICHUM, pa3feisoliue JaHHbIE
CTpyKTyphl. McTtopust ¢popmupoBanus pudToBon
CUCTEMBl HA4YMHAETCsI CO CpEAHEro JIeBOHA.
OcHOBaHHEM ISl 3TOTO 3aKJIIOUEHHS SBISETCA
(bakT OTCYTCTBHS OTJIOKCHHH CpPEIHEro IEBOHA
Ha OOnpmiedt wactu Tepputopun. OTIOXKEHUS
paHHEro J[IeBOHA Npe/CTaBleHbl KapOOHATHO-
TJTIUHACTBIMU TIOPOIaMHU HEOOJIBILIOW MOITHOCTH.
[Ipeamonaraercs, YTO B CpeOHEM JAEBOHE
OPOMCXOAMI OOIMH MOABEM TEPPUTOPHH.
OMHOBPEMEHHO € 3TUM (OPMHUPOBAIUCH MOsICA
JaeK M MPOUCXOAWJIO BHEAPEHHE IUIaCTOBBIX
uHTpy3uil. Ilo3nHee NPOUCXOAWIO U3IUSHUE
0azanpToB. OOmMII TOABEM TMOATBEPKIAACTCS
YBEIMYEHHEM TONIIUHBI 6a3aJIbTOBBIX TTOKPOBOB
B IOKHOM U CEBEPHOM  HaIlpPaBJICHUSX.
3a cuer 00Opa3oBaHMs Pa3IOMOB 000COOISETCS
Kemnenasiickas BIaJMHA. B npeaenax
Kemnenasiickoil BhmaguHel NOpOXOoAuia, Kak
nperonaraeTcs, och pudra 3amagHoil YacTH.
B BocTouHOl wactu pudTOBas JOIWHA MOTJA
OBITH pUypoUeHa K JInHneHcko# BnanuHe [4].
AKTUBHOCTb PAa3JIOMHBIX 30H BEpPOSTHO
COXpaHAJach, Kak MUHHUMYM, JO TO3/JHEr0
KapOOHa, TaK KaK pa3pbIBHBIE HAPYIICHHUS CEKYT
Bce Oosiee paHHHE OTIOXKCHUS. AMIUIMTY]IBI
CMEIIEHHH 10  pa3ioMaM  H3MEHAITCA
B JIOBOJIBHO HIMPOKHX Mpenenax — OT 25 M
mo 2,5 kM. bompmias ugacTh ompeneneHa Kak
copocel. Ilog mepMcKO-ME3030HCKUM YeXJIOM,
B HampasieHuHu [IpeaBepXosHCKOro KpaeBoro
mporu0a, MOTYT MPUCYTCTBOBATh 3aXOPOHEHHBIE
TIOJTHSITHS, KOTOPbIE MOTJIH OBITh YHACJIEeOBaHBI
B  CTPYKTYpHBIX  IUIaHaX  MNEPMCKHUX H

ME€3030MCKUX OTJIOKEHUH [2, 4].

[IpeuMyIecTBEHHO  CEBEPO-BOCTOYHOE

MPOCTHUPAaHUE  Pa3phIBHBIX  HAPYIIEHUH W

CTPYKTYD,
B 3amagHOM 4YacTu BWMIIONCKON CHUHEKIU3LL.

MOJIOKHUTEIIBHBIX coxpaHsieTcs
OngHako B BOCTOYHOM YacTH CHHEKIIH3HI,
norpaHuyHot ¢ IIpeaBEepXOAHCKUM KpaeBbIM
nporudoM, NPOCTUPAaHHE KaK CTPYKTYPHBIX
DIIEMEHTOB, TaK M Pa3pBIBHBIX HapyIICHUH
CMEHSIETCS Ha CeBepO-3aIagHoe.

OmauM W3 BapHaHTOB  OOBICHEHUS
npuauH (GOPMHUPOBAaHUS PUPTOBBIX CTPYKTYP,
SBJISIETCSl TIPETIONOKEHHE O BpaleHUH OJIOKOB
¢yHmameHTa BocTOuHOW dYactn CuHOUpCKOU
miatdopmer [5].

B mnepMckuili ¥ TpHAcOBBIM NEpUOABI
Buitotickas CUHEKJIM3a odopmMuIIaCh
B COBpPEMEHHBIX rpaHumax. IIpoucxoamio
cTabuiapbHOE  TIOTPY)KEHHWE  TEPPUTOPHUU |
3aIoJIHEHUE MIOCTYTAIOIIUMHU 0CaJIKaMH.
C mHawama Opl W Mela BeChb PETHOH
MpeTepreBall JaBlIeHHEe C BOCTOKA, BBEI3BAHHOE
oOpa3oBaHMeM Ha BOCTOKE BepXosHCKOTro
ckiIamuaroro nosca’. Ilox gaBneHueM B 3amaj-
HOW YacTH HCCIIeyeMOH TEeppUTOPHUU pa3phiB-
HBbIE HApYIICHUS JIEBOHCKOTO 3aJ0KEHUSI MOTJIH
MpeTepreBarb PeakTHBAUI0 W 00pa30BBIBATH
HaJ CcoOOl aHTHKIMHANBHBIE CTPYKTYphl H
0osiee MoJIOJBIe CeTH pa3jiioMoB. JlaHHBINH (akT
MOATBEPKIACTCSI MaTepuaiaMi CeiicMOPa3BEIKH.

OObsicHeHus  pa3BuTusl  Bumoiickoit
CHHEKJIM3bl M CMEXHBIX C HEH 3amajgHbpIX
CTPYKTYp TONTBEPKIAIOTCS Kak B PaHHUX

myonukarusx [ 1, 2], Tak u B HOBBIX [5, 12].

HegpmezazoHocHble KoMneKcol
Paiton  wuccnenoBaHust  pacrosaraercs
B I0T0-3aMaIHO1 4acTH Butoiickoit

He(Tera3oHOCHOH o0JacTu, BXOJISIIIEN
B coctaB JleHo-Butolickoii HedTerazoHOCHOM
MpoBUHITMH. Takxe, Ha IOre, OH 3aXBaThIBACT
ceBepHylo dYacTh CeBepo-AnmaHckod HedTe-

ra30HOCHOM 00J1acTH.

2 TaMm xe.
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B  ocamounom  uexne  Bumrolickoit
CHUHEKJII3BI BBIJICTISTIOTCS TpH HedTe-
ra30HOCHBIX  KOMIUICKCA:  BEPXHCIIEPMCKHUM-
HWKHETPUACOBBINA, HIKHETPUACOBBIH, HIKHE-
topckuii. Tlog HedTera3oHOCHBIM KOMILICKCOM
MOHUMAETCS KOMOWHAIUS M3 TPOHHUIIAEMBIX
mopos  (KOJIEKTOpa) W HEMPOHHUIACMBIX,
MEPEeKPHIBAIOIINX WM  OKPYXKAIOIIMX  ero,
opo (bronmoyImopos).
KOJIMYECTBO 3allacOB OTHOCHUTCS K 3alie)kaM

HaubGomnbiree

Tpuaca [6, 8].
BepxHenepMcKko-HMKHETPHACOBBIA  HE-
TEra30HOCHBI ~ KOMIUIEKC  pachpoCTpaHeH
Ha BCEH TeppUTOpUM BHUITIONCKOW CHUHEKIIU3BL.
Komnekrop  mpencraBieH — MEeCYaHbBIMU U
aJIEBPOJIUTOBBIMH IIJIACTAMU TaparaliCKON CBUTHI
BepxHel nepmu. DIOHIOYNOPOM BBICTYHAET
HEIDKEJIMHCKash ~ CBHTa  HIDKHETO  Tpuaca.
Ee Tonmmnaa mensercs ot 60 go 80 m [6].
WnuTepec mpencrtaBiseT BakHas C TOUYKHU
3peHUs]  HEPTEra30HOCHOCTH  OCOOCHHOCTH
HE/DKETMHCKON CBHUTHI — HAJIMYHE B €€ pa3pese
M30JIUPOBAHHBIX TIECYAHBIX JIMH3, B KOTOPBIX
ceBepHee pailloHa HCCIEIOBAaHUSI  OTKPBITHI
rasoBble  H

Ta30KOHACHCTAHbIC 3aJICKH.

Takum  oOpa3oM,  HEIKEJIMHCKas  CBHUTa
MOXET BBICTYNIaTh KaK  CaMOCTOSTENbHBIN
MEePCIIEKTUBHBINA OOBHEKT.

HuxuerpuacoBblit He(Tera3oHOCHBIN
KOMIIJIEKC PACIPOCTPAHEH HA BCEH TEPPUTOPUU
Bumoiickoit  cuneknmsbl.  Komnexktop mpen-
CTaBJICH NECYAHBIMM TUIACTAMM TaraHIXHUHCKON
CBUTBL. OJTO MEIKO- W KpPYIHO3EPHHUCTHIE
NIECUaHHKH, JEBPOJINTHI, coAepKalue Tydosoe
BEILECTBO. B necyaHbIX macTax
TaraHP)KMHCKOM  CBUTBI ~ OTKPBITBI  3QJIEKHU
Ha BCEX MECTOpPOXJIEHUSAX XaIyaraickoro
Merapana. @IIOUAOYNOP — MOHOMCKAasl CBHUTA,
KOTOpast

COCTOHUT nus3 ApTrujlJInTOB,

MCJIKO3CPHUCTBIX AJICBPOJIMTOB. OC&I[KI/I,

CBA3aHHBIC C ByHKaHH‘ieCKOfI JACATCIIBHOCTBIO,

YITyYIIaroT SKPaHHUPYIOIINE CBOIiCcTBa
MOHOMCKOH cButhl [3, 6, 8]. Kak wu
B HEDKCIMHCKOW, B MOHOMCKOW  CBHTE
TaKkKe MPUCYTCTBYIOT JIMH3bI TICCUAHUKOB,
coJZieprKalllie 3aJIeXKH YTIEBOAOPOIOB. 3aJIekKH B
OCHOBHOM T'a30KOH/ICHCATHBIE.

Bce cButel Tpmaca  cOKpamarTcs
B TOJIIIIMHAX B I0)KHOM HampaBleHHH. B mepByio
ouepenb JTO CBS3aHO C Majeopersedom
OacceifHa  OCAaIKOHAKOIDIEHHWS, YTO  JaeT
BO3MOXHOCTb MPEATNOJIaraTh JUTOJIOTHIECKOE
3aMCIICHUC TpPUACOBBIX IIE€CUAHBIX IIJIACTOB
Ha HCIIPOHNUIaCMbIC TJIMHUCTBIC u
aJIeBPOJINTOBBIE pasHoCTH B 30HAX
BEIKIIMHUBaHUA. OmpeneneHHbI BKIaa BHOCST
M TIPOIECCHl DPO3UH, KOTOPHIM IOJIBEPTAHCH
MOpOAbl 10 Hadama OTIOXKEHUS IOPCKUX
ocamkoB. Mcxoms w®W3 3TOrO, B  30HaX
BBIKJIMHUBAaHUA OTJOKEHUH Tpuaca MOT'yT
BCTPCUATHCA KakK JINTOJIOTHYCCKH, TakK u
cTparturpaduuecku OrpaHMYCHHBIC JIOBYIIIKH.

HcTouHMKOM yIJIEBOJOPOIOB Ha HCCIIe-
IyeMOH  TEPpUTOPUU  CIYXKaT  IEePMCKHUE
OTIIOKEHUS, KOTOpBIE cojep,aT OoJsbinoe
KOJIMYECTBO TIACTOB YTIIS U TIACTOB C BEICOKUM
COJIEpP)KaHUEM  CMEIIAaHHOTO  OPraHWYECKOTro
OCHOBHBIMU

BCIICCTBA. MMPpOU3BOAUMBIMHU

MIEPMCKHMH TOJIIAMU YTJIEBOJIOPOTAMH
SIBJISIIOTCS.  Ta3 ®W  Ta3okoHaeHcar [6, 13].
HauGosnpiiiero morpyxeHust MEepMCKHE OPOIbI
nocturatloT B JlyHrxuHcko-KenuHCkOM wmera-
nporube wu HOxHo-Xamuaraiickom mnporube,
PACIlOJIOKEHHBIX B CEBEPHOM YacTU 30HBI
COuJcHCHHUsS  Bumolickoil  CHMHEKIM3BI U
Annanckoit antexnu3bl. B mpegemax atux
MTOTPY>KCHHBIX

Y4aCTKOB IIPOUCXOIUIIO

oOpa3oBaHue yIJIEBOJIOPO/IOB B xoJe
npeoOpa3oBaHMs  OPraHWYECKOTO  BEIUIECTBA.
Hauano resepanuy 1o OLIEHKaM CHELMAINCTOB
[14] mpuxomuTcs Ha pPaHHUH TpHac W

MMpoA0JIKAJIOCh BILJIOTH 1O FOPCKOTO Epruoaa.
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MeToabl uccneaosaHua

JIns BEIIONIHEHHUS WCCIENOBaHUS OBLIN
HCIOJB30BaHbl JaHHele 1o 102 ckBaKUHAM,
B YaCTHOCTH

MaTcpUuaibl KapoTaxa,

MPEUMYIIIECTBEHHO PaMOAKTUBHOTO u
3JICKTPUYECKOTO, OMHUCAHUE KEPHA, PE3YJbTAThI
MIPOBEICHHBIX HCIIBITAHUN OTJIOKEHUI
TPHACOBOTO CTPATUTPA(PUUECKOTO YPOBHA W
pe3ymbTaThl  ceficMopa3BeoUYHbIX pabor 2D.
O6mas mHA CcelicMuYeckuX  Tpoduieit
coctaBuia 8300 MOTOHHBIX KHJIOMETPOB, OHHU
MOKPBIBAIOT HCCIICyEMYIO TEPPUTOPHIO
paBHOMEpPHO (CM. puc. 2).

C wucnons3oBanneM gaHaeix [HUC wu
pa30ouBOK

cTpaTturpapuuIecKux paspe3oB

CKBQKUH BBITIOJTHEHA MEXCKBKHHHAS
KOppeNAnus, IMOCTPOCHBI  KOPPETSIOHHBIC
cxeMbl. TpruacoBble OTIOXKEHHS TIePEKPBHIBAIOTCS
IOPCKAMH, B TIOJIONIBE KOTOPBIX BBIAEISIOTCS
MayKd  BBICOKOPAAUOAKTUBHBIX  apTHUIUIUTOB,
KOTOpBIE  TaKkKe€  OTJIMYAIOTCSI  BBICOKHMMH
MOKa3aHUSIMU Ha KPHUBBIX JJIEKTPUICCKOTO
KapoTaxka. Hroke TpHacoBBIX TMOPOJ 3aJeraroT
nepMckre. PalnoakTHBHOCTh TIEPMCKHX IOPOJT
B 1I€JIOM BbIIIE TpHacoBbiX. OHU coxepkat
B CBOEM paspe3e YrolbHbIE MapKUPYIOIIHIe
TUTACTHI.

B  mpouecce  uccnemoBaHus — Obuia
BBITIOJIHGHA ~ TNPHUBSI3Ka  CTpaTHrpaduuecKux
TpaHUIl K CEHCMUYIECKUM BPEMEHHBIM pa3pe3am.
B xoz1e npuBA3KH UCIOIB30BAICS aKyCTUUECKUAN
KapoTaX ¥ JIaHHbIE BEPTHKAIBLHOTO CEWCMO-
po(hUIHPOBAHHUS. Brigenenst OCHOBHBIE
oTpaxkarorue cericMuieckue ropu3oHTsl (O):

- U — KpoBJs IOPCKUX OTIIOKEHUH;

- U2 —kpoBiis cyHTapcKOro (IIroHuI0-

- UT — KpoBJIsl TpHAaCOBBIX OTJIOKECHUI;
- TP — KpoBis NEPMCKUX OTIIOKEHUM;
- P _bot—momomBa mepMckux — OTIIO-

)KeHHﬁ, KOTOpasd Ha re COIOCTaBIACTCA

C KpOBJIeH KEeMOPHIICKUX OTJIOKCHHMU, HA 3aIaje
— ¢ TpaHULEl IEPMCKUX U IEBOHCKUX MOPOJ;

- F — noBepxHocth pyHnamenra.

Haubonee Ba)XHBIMU AJIS1 XapaKTEPUCTHKH
re0JOrMYECKOro CTPOCHUS OTJIOKEHUH TpHuaca U
OLICHKM TEPCHEeKTHB WX He(TerasoHOCHOCTH
SIBISIIOTCS.  oTpaxkaromiue  ropuzoHtel  UT
u TP. Topuzonr UT mnpociexuBaercs
M0 OTPUIATENHFHON (ha3ze, B HEKOTOPBIX CIydasx
OH c1a00 BBIpaXEH B BOJHOBOM IIOJIE, YTO
MOXET OBITH CBSI3aHO C HEOOJIBINON pa3HUIICH
B TINIOTHOCTH MCXKAY IIOpoaaMH TpuUaca U
MEPCKPLIBAOIUMU UX IOPCKUMU OTJIOKCHUAMMU.
I'opuzont TP mnpuypodeH K IIOJIOKMTEIBHOU
(daze W APKO BBIPAKEH Ha pa3pesax, B CBA3U
C YeM MPOCIEKUBACTCS OJHO3HAUHO.

B xone ananmuza ceiicMUYeCKUX Pa3pe3oB
ObUTH BBIZICTICHBI TU3BIOHKTUBHBIC HAPYIICHHS,
KOTOpble OBUIM TPOCJIEKEHBl TIO TUIOMIAIH.
CMmemieHust 1O  pPa3phIBHBIM  HapyILICHUAM
B 6OJII)HII/IHCTBC CJIy4acB HE3HAUYUTECIIbHBIC.

I[lo pesympratam  kxoppemsuun O
MIOCTPOEHBI KapThl U30XPOH KPOBJIU U MMOAOILIBEI
Tpuaca. C NOMOUIBIO 3aBUCUMOCTEH BpeMs—
ryOWHa, TIONY4YeHbl CTPYKTYPHBIE  KapThl
JAHHBIX ~ CTPAaTUTpaUUIECKHX TTOBEPXHOCTEH.
OHU TO3BONIMIM TONYYUTh KapTy OOIUX
TOJUIMH  OTJIOXEHuH  Tpuaca. U3  Hee
3aBUCUMOCTEN

c IIOMOIIBIO JIMHENHBIX

paccuuMTaHbl ~ OTHIEIBHO  KapTa  TOJIIIUH
HEJDKEJIMHCKONW CBUTBI M COBMECTHasi KapTta
TOJIIIUH TAraHPKUHCKON 1 MOHOMCKOW CBHT.
OCHOBBIBasICh Ha TMOJyYEHHBIX HabOpax
KapT, MOCTPOSHHBIX KOPPENISIIMOHHBIX CXEMax,
CeTH  pa3jIOMOB, a TaKXKe C  y4eToM
onyOIMKOBAaHHEIX paHee MarepwanoB [15-17],
ObUTH BBIJICJICHBI MEPCIICKTUBHBIC 30HBI BOJIU3U
BBIKJIMHUBAHUS  TPHUACOBBIX  OTJIOKEHUH W
00BEKThI, CBSA3aHHBIE C AHTUKIWHAIbHBIMU
CTPYKTypamu,
C TOTHATHSIMH XaI4araiickoro Meranaia.

CXOXXKHMHU 1o CTPOCHUIO
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PesynbTatbl U 06CyKaeHue

Ha

CKBO)KMHHON

OCHOBC

MPOBEJICHHOU

KOppEeNSInn

MCEXK-

TTOATBEPKICHO

YMEHBUICHUE TOJJIIWH BIUIOTH OO0 IIOJIHOI'O

OTCYTCTBUA

He(Tera30HOCHBIX

OTJI0KEHUHN

B IOKHOM M IOro-3araJjHoM HaIlPpaBJICHUAX.

IIpu »TOM B paspe3ax COXpPaHSAIOTCSA ILIACTHI

MNECYaHNKOB-KOJIJICKTOPOB,

KOTOPBIC MOT'yT

COJZIepIKaTh 3AJIEXKH YTIIEBOIOPOIOB (pHC. 4).

Hemxennnckas

paHblIC OCTaAJIbHBIX

u,

CBUTA BBIKJIIMHHUBACTCA

COOTBCTCTBCHHO,

pacmpocTpaHeHa Ha MEHBIICH TEPPHTOPHUHU.

TaranmkuHCKAsT W MOHOMCKas  CBHTHI
pacrpocTpaHeHsl Oojiee MIMPOKO, W HamOoJjee
BEPOATHO, WX JIMHUM BBIKIUHUBAHHUS OyIyT
COBIAATH. Bonpmas o TOJIIIIMHAM
TaraHJDKUHCKasl CBUTA COKPAIIAeTCS B HOXKHOM
HanpaBJICHUM 3HAYMTEIBHO, B TO BpeMs Kak
MOHOMCKAasi CBHT2 B TOM JKE€ HalpaBlICHUN
COKpAIIlaeTCsl B MEHBIIICH CTETICHH.

[Tpu ananm3e e CKBaXWH YCTAHOBIICHO,
YTO TMPU UCHBITAHUM TPOJYKTHBHBIX IJIaCTOB
Tpuaca OBUTM TOJNYYEHBl NPUTOKUA BOJBI, ra3a

NN UX CMECh.
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BWNONCKOM CUHEKAN3bI U AN aHCKOWN aHTEKN3bI
Fig. 4. Interwell correlation scheme of the Triassic deposits in the junction zone of
the Vilyui syneclise and the Aldan anteclise
IlpoBeneHHbI aHAIU3  JIUTEPATYPHBIX pactupoCTpaHEHUsT  NECYaHBIX  KOJUIEKTOPOB.
HCTOYHUKOB [3, 6, 12], B KOTOPBIX Jng  HeHKeNMHCKOW M MOHOMCKOM — CBUT
ONHUCHIBAIOTCSL  TIPEIoJIaraeMble  00CTaHOBKH ¢ OoJyibIIONW  BEPOSTHOCTHIO B OOPTOBBIX

OCaAKOHAKOIIIICHUA

CBHUT

Tpuaca u

MMPOBCACHHAA KOppeIAIrA paspe30B CKBAKHUH

IIO3BOJININ

YCTaHOBUTD

3aKOHOMCPHOCTH

30HaX BWIIOWCKON CHHEKJIM3bl BOJM3U 30H

BBIKJIMHHUBAaHUA npeamnojaracTcs HaJIn4ue

MECYaHbIX MPOIJIACTKOB-KOJUICKTOPOB.
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B oTioXeHUSX TaranmKUHCKOM CBHUTEHI

MecYaHble  IUIACTHI-KOJJIEKTOPBI ~ BCKPBITHI
Ha Bcell tuomaau. HedrerazomepcnekTHBHEIC
30HBl Ha JJaHHOW TEPPUTOPHH pACIIONIAraloTCs
BOJIM3Y BBHIKJIMHUBaHUS HE()TEra30HOCHBIX CBUT
HIKHero Tpuaca. Jns dopmupoBaHus 30H
He()Tera30HAKOIUIEHUS] BOJW3M BBIKIMHUBAHUS
MIPOIYKTHBHBIX TTacTOB HEOOXOTUMBI
CIIeyIOINE YCIOBUS — TUIAaBHOE BO3/BIMAaHHE
CTPYKTYpPHOTO TTaHa B HaIpaBlIeHUN
COKpALIeHMs TOJIIHUH U HaJEKHOE MEepeKpbhITHE
GrouoynopaMmu CBEpPXY u CHU3Y
UL oOecliedeHHus COXPaHHOCTH  3ajieei.
CpoiictBa  (IIOHIOYIOPOB  MOHOMCKOW M
HE/DKETMHCKONH CBUT TpHWaca yXY/IIIAl0TCS
B HaIlpaBIIEHUH OOPTOBOW YaCTH CHHEKIU3BI.
OngHako 3a CUYET BBICOKOTO COZICpPKAHUA
TypOoBOTO MaTepuana B cocTaBe
npu  HEOONBIIMX  aMIUIMTYJax  JIOBYIIEK
u HE CIIMIIKOM KpYTOTO najeHus
MOJKJIWHUBAIOIIUXCS  CII0OEB UM yJaercd
YAEpP)KUBATh YTJIEBOAOPOABI, YTO OOECTIEYUBAET
oOpa3oBaHue 3aliexel. B momomBeHHOW YacTh
MEPEKPHIBAIOIINX ~ TPHACOBBIC OTIIOKEHUS
B 30HaxX BBIKIIMHUBAHUS OTJIOXKEHUSIX HUKHEU
IOpBI  BBIJAENAIOTCA TAdKd aprujumToB. Ux
CyMMapHasi  TONIIIMHA  JocTWraer 12 m.
HwxkHeropckre apruiIuThl MOTYT BBICTYIATh
Kak (moumoynop uUis OJKIMHHABAIOLIAXCS
MJIACTOB KOJUIEKTOPOB Tpuaca (puc. 4).

B  nmaHHBIX  He(TerasonepcreKTHBHbIX
30HaX 3aJ€KH MOTYT OBITh HPHYPOYEHBI
K  JIUTOJIOTMYECKH H  CTpaTUrpapuIecKu
orpaHMuyeHHbIM JoBymkaMm [18]. B ciyuae
C JINTOJIOTUYECKUM 3KPaHUPOBAHUEM, TIECUAHBIC
NPOHHIIAEMBIE TIACTHI OyIYT OrpaHUYMBATHCS
3aMeIIeHNeM Ha TJIWHHUCThIE M aJIEBPOJIUTOBEIE
nopoabl.  Crparurpaduueckoe  OrpaHHuCHHE
BO3MOKHO B 30HAX OJPO3UM TIOPOJ TpHaca,
rae OHH

IMEPCKPLIBAOTCA FOPCKUMHA

orioxeHusIMH. CTPYKTYpHBI IUIaH Urpaer

3[eCh BTOPOCTCIICHHYIO pOJb, 10 TNPHYUHE
OTCYTCTBHSI ~ aMIUTUTYAHBIX  ITOJIOKHUTEIHHBIX
CTPYKTYP. 30HBI BEIKIIMHUBAHHUS PACIIONIATAIOTCS
HA MOHOKJIMHAJBHEIX CKJIOHAX CUHCKIIM3EL

IIpu  BbBIgeNEeHWH  MOJOOHBIX  30H,
CBA3aHHBIX C Pa3BUTHEM  HECTPYKTYPHBIX
JIOBYIIEK, CEHCMUYECKUE JaHHBIC CTAHOBSTCS
HeoOXoauMbIMH. OHHU TIO3BOIISIIOT YCTaHOBHTH
HaJH4He BBIKIIMHUBAHUS OTIIOKEHHI
Ha BPEMCHHBIX pa3pe3ax M 3aKapTHPOBATh
nmo tuomanu [19]. Ha  ceiicMuueckux
pa3pe3ax, MPOUHTEPIPETUPOBAHHBIX B TaHHOU
pabote, HabmOaeTCs KapTUHA BHIKIIMHUBAHUS,
cxosKas c

IMOJTy4YCHHBIM pE3yIbTaTOM

Ha CXEM€ KOppelsiiud [0  CKBaXHHAM
(puc. 5).

Jmst kapTUpOBaHMS 30HBI BBHIKJIMHUBAHUS
M0 TUIOMIAAN C WCIIOJIb30BAHUEM TOTYYEHHBIX
MPH  KOPPEJSAIUH TIOBEPXHOCTEH KpPOBJIU U
MOJIOUIBBI OTJIOKEHHH TpHaca Oblla MOCTpOeHa
KapTa TOJILIUH OTJIOKEHUN TpHaca.

[lepcnekTHBHO He(TEra30HOCHBIE O0B-
eKTHl OTJIOKEHW Tpuaca B 30HE COUJICHEHHS
Buitrotickoit CUHEKJIN3BI u AnnaHckou
AaHTEKJIM3bl CBS3aHBl C JIOKAJbHBIMU AaHTH-
KIIMHAJIBHBIMHA TIOJHATHSIMH. B MMOI0XHATETBHBIX
CTPYKTypax Ui HaKOIUICHHUS YTJIEBOAOPOIOB
HauOoiee  BaXKHBIM  (PAKTOPOM  SIBJISIOTCS
MIEPEKPHIBAIONINE  HEMPOHUIIAEMEBIE  MTOPOIbBI-

MOKpBIIKK.  Hanmuwe  QuonpoynopoB  u

IUIaCTOB KOJUICKTOPOB B Tpuace
NOATBEPKIACTCS ~ AHAIM30M  CKBOKHHHOU
UHPOPMALIUH.

B 3amamnoit wactm roxkHOrO Oopra

CTPYKTYpBI
dopMHpOBaNHCh HAI  pa3ioMaMd  TIO3]HE-

CHUHEKJIU3BI MOJIOKUTENBHBIE
JIEBOHCKOTO  3aJIOKEHHs, KOTOphIe  OBLIH
PEaKTUBUPOBAHBI TOA JAEHCTBHEM (OPMHUPO-
BaHUA BOCTOYHEC TCPPUTOPUN HCCICIOBAHUA
BepxosiHCKOrO CcKiIagyaToro mosca B IO3]HE-

FOPCKOC, paHHEMCEIIOBOC BpEMsH.
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IsumeuBaHue

Fig. 5. Seismogeological section along survey 13202_2a
with highlighted wedging-out of the Triassic deposits (for seismic survey position see Fig. 2)

Ha celicMuueckux BpEeMEHHBIX pa3pe3ax
B MHTEpBalax JBYX HauOojee «rIIyOOKHX»
nosepxHocteit P bot wm F  paspeiBHbIE
HapylleHUsl BBLIEIAIOTCS II0 Pa3pblBy Ocel
CHMH(pA3HOCTH W CHIDKCHHIO JHHAMHYECKUX
XapaKTePUCTUK.

PaSpBIBHLIC HapyumeHus

TIEPMCKOTO u Ooiee MOJIOZIOTO
BO3pacTa pACKpPHIBAIOTCS Yepelol  MEIKHX
JTU3BbIOHKTHBOB.  [lpumepom  oOpazoBaHus
TTOJIOKUTENIBHON CTPYKTYPBl HaJl pa3jioMamMH
JIPEBHETO  3aJIOKEHUs  sBiseTcs  Hmkae-
TIOKSIHCKOE mojHsATHe (puc. 6). B  miane
HapyIIeHUS AMEOT CEBEPO-BOCTOYHOE

NPOCTUPAHUE, YHACJIECJOBAHHOE OT CTPYKTYp

MO3/IHEJIGBOHCKOTO pudrorenesza. Menkue u

XaO0TUIHO pacnpocTpaHeHHEIE pa3iIoMBI
BEpXHEH 4YacTH pas3pe3a IO pPErHOHAIBHOU
CeTKe npodueit MPOCJICIUTh HE
MIPEJICTABISIETCS] BO3MOYKHBIM.

®dopma W XapakTep CMEIICHHI OJOKOB
nopoj 1o  pasnoMaM  (IPEeUMYLIECTBEHHO
cOpOCBI M CJBWTH) TOATBEPXKIAIOT HX CBA3b
¢ TmpoleccaMu puQTOoreHe3a. BbIHeceHHbIE
Ha KapTy MEepCHEKTUBHBIX 00BEKTOB Pa3phIBHBIC
HapylIeHUs Ha JieJie OTPaXaloT JIMHEHHbIe
obnacth (GopMHpPOBaHHSA YepeAbl Pa3IOMOB
Ooiee MENKOrO TMOpsAKa B TPHACOBBIX

OTJIIOXKCHHAX.
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Puc. 6. PparmeHT BpeMeHHOro ceiicMnyeckoro paspesa 160812
C Pa3pbIBHbIMW HaPYLIEHUAMM U NONOKUTENIbHOM CTPYKTYpPOM
Fig. 6. Fragment of seismic time section 160812 with faults and positive structure
B BOCTOYHOH 4YacTM NeEpCHEKTUBHBIC Bcee IIOJIOXKUTEIIBHBIE CTPYKTYDBIL,
MOJOKUTENbHBIE  CTPYKTYPBl — PACHOJIOKEHBI BBIJIETISIEMbIE KaK IEPCIIEKTHBHBIE OOBEKTHI,
B KoHType JlyHrxuHcko-KenmHckoro Mera- OCJIOKHEHBl  Pa3pbIBHBIMU  HapyLUCHUSIMHU.
nporu6a. B oTauuMe OT MOJOXKHUTEIbHBIX Ilo celicMuyeckum  pa3pe3aM  CMELIEHUE
CTPYKTYp Ha 3amajie OHU UMEIOT OECKOPHEBYIO [0 pa3goMaM  HE3HAUUTENbHOE,  BIMSIHHUE
TPUPOJY, YTO HOATBEPIKIAETCS CEHCMUYECKUMU Ha MPOTHO3UPYEMBIE JIOBYIIKM MO HMMEIOIIeHCs
nccnenoBaausiMu  [20].  JlaHHBIE CTPYKTYpHI nHbOpMaIuU JTOCTOBEPHO OIIPENICTTUTh
BaJI00OPa3HOTO THIIA PEUMYILECTBEHHO 3aTpyAHUTENFHO. Ha mMOmoOHBIX CTPYKTYpax
CEBEPO-3aMaIHOTO TPOCTHPAHHUS 00pPa30BAIHCH 3amagHoit  CuOuwpu  pa3jiioMbl  SBISIFOTCS
moj  JCHCTBHEM  CKIIAq4aThlX  IPOLIECCOB mubo  JKpaHamMHM  JuIA  3anexed,  aubo
BIOJb  OKpawHbl ~ CuOUpCKOW  mIaThopMbI OyTSMH MHTpalid u (HakTopoM pa3pylieHUs
B MIO3/THEIOPCKYIO-PAHHEMEIIOBYIO ATIOXH. 3anexent [21].
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HedrerasomepcriektuBable  30HBI U
00BEKTHl OBUTH BBIAEICHBI IS HEIEINKUHCKOU
CBUTHI, (MMEIOTCS TiecYaHble JIMH3BI C JIOKa-
3aHHOW HE(TEra3oHOCHOCTHIO), M I HUKHE-
TPUACOBOTO  HE(PTEra3oHOCHOTO  KOMILIEKCa,
COCTOSIILIETO M3 TaraHHKMHCKOH M MOHOMCKOMH
CBUT.

HemxenuHckass cBUTa pacmpocTpaHeHA
MeHee YeM Ha  IOJOBHHE  IUIOMAAd
uccienoBanus. B BOCTOYHOM wYacTu TpaHULIA
BBIKJIMHUBAaHUS TPOXOJUT B paiioHe Oopra
Jlyarxuncko-Kenunckoro meranporu6a. B atom
Ccllydae  KpOBJIS  HEJSKIMHCKOW  CBUTHI
BO3/IBIMAETCS C TPAAUEHTOM 65 M Ha KHJIOMETP.
IIpn TakoMm rpagueHTe TMOABEMa M C Y4ETOM
AHOMAaJbHO BBICOKHX IUIACTOBBIX JIABJICHHUU

B IICCYAHBIX JHMH3aX HEICKIMHCKONH CBUTHI

HaJIBHBIX  3aJie)KeM, TaK TII0Jx JICHCTBHEM

JIABJICHHUS yTICBOJOPOIBI MIEPEMEIIAIOTCS BBEPX
1o paspesy. B ieHTpanbHON U 3amaiHON 4acTsax

tokHOrO  Oopra  Buimroiickoil — CHHEKITU3BI
MOBEPXHOCTh KPOBIM CBHUTHl  BO3ABIMAETCA
IUIaBHO, ¢  rpagueHtoM  25-30  meTpoB

Ha KWIOMETp. BriaenseTcs nepcneKTuBHas 30Ha
BIOJb JIMHUM BBIKIMHUBAHUA, KOTOPOM OHa
OKOHTYpUBAaeTCA C BHEIIHEHW CTOpPOHBI, a
¢ BHyTpeHHel — m3oruncoit —2600 m. M3orumnca
nomoOpaHa, HMCXOAs W3  TMPEACTABICHHIMA
0 HQJIMYMUM TECUYAHBIX JIMH3 B Pa3pe3€ CBUTHI
BONM3M JIMHUM BBIKJIMHUBAHWA. B  3amaaHoil
YaCTHU BBIICISIIOTCS JABE MPOTSKEHHBIE BIOJIb
Pa3phIBHBIX HApyIICHUH 30HBI, CBS3bIBAEMBbIC
C MOJIOXKUTENbHBIMU CTPYKTYPaMH, KOTOPBIE HET

BO3MOKHOCTH 0oJiee JEeTalbHO 3aKapTHPOBATh

Ha MECTOPOXACHUIX Xamyarailckoro meraBana Opd JAHHOM IUIOTHOCTH  CeiicMopa3BelnKu
[6] wmamoBeposTHO 0Opa3oBaHHWE HEAHTHKIIH- (puc. 7).
Kuruanckasn
Coloxauncka A
¢ Bunwiickan
‘Canrapckasn
40 1 Baibimaxcian-1
Hwanesnmoiickasn - sxcKan-1
Hsno-Carbrraiickas 6 2 A= 2
291 Baxapanckan =
3 .
HuzmheTiokancKan & b
31431 1 [ = Xaiinaxexan ) - — = ¢
3 40k f.—'-—»..wrf‘- N MeKas-1
y: = i B -
9 £ gy
R4 Brypaxancras o et
ST o
- L 1, BeKas-
ADc. 0TM., M| =
Bannarpiigan-1 oD
-2000 Kas-1
S 3000 | 2eennxcias-3010 Kmuniceas-iti Kenkemmnciasn- AKI1
| eB HCK: 0
-4000
YCJIOBHBIE OBO3HAUYEHHSA
-5000 “sm:a,.-l‘;] — |3 [ JS‘ |7| ® |9 iﬂll
6000 [0, |2 |CZY| 4 [ 8 10 ﬁ
’—l r I \—/ \—1 u- \ﬁu }{:KM]

1 — cKBaXXMHbl rNyboKoro bypeHus; 2 — nsoruncel; 3 — cericmmyeckme npodunun; 4 — KOHTYp palrioHa
paboT; 5 — rnapoceTb; 6 — IMHUA BbIKAMHUBAHUA HEOMKEMHCKOW CBUTbI; 7 — CKBaXKMHbI C NPUTOKOM rasa;
8 — CKBaXMHbl C NPUTOKOM BOAbl; 9 — Cyxume CKBaKMHbl; 10 — nepcneKkTUBHbIE 30HbI; 11 — pasnombl

Puc. 7. KapTa nepcneKkTUBHbIX 30H He¢Tera30HOCHOCTM He,D,)KenVIHCKOﬁ CBUTbI TPMacCa

Fig. 7. Map of zones with high oil and gas potential for the Triassic Nedzheli Formation
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TaranmkuHCKasT MW MOHOMCKAs CBUTEHI B ueHTpanpHOM YacTM 30Ha OXBaThIBAET

pacrpocTpaHeHbl 3HAUUTENbHO mupe. [IpuHimn JOCTaTO4YHO SIPKO  BBIP@KEHHOE MOIHSTHE,

BBIACIICHUA TMCPCIICKTUBHBIX 30H TOT XKE, 4YTO CCBCPHEC FJIY6OK0ﬁ CKBa’KHMHBI CeBepo-

MPUMEHSJICS K HEIKEIWHCKON cBuUTe. 30HY, Cunckoit-2160. Taxxe BblaensieTcd cepus

CBSI3aHHYIO C COKpAIIlCHHEM TOJIIHH, C OJHON HEePCIICKTHBHBIX 00BEKTOB, CBSI3aHHBIX
CTOPOHBI OTPaHMYHMBACT JIMHUS BBIKIIMHUBAHUS ¢ mnomssatuamMu  (puc. 8). TommmHBl  CBUT
CBHT, a ¢ apyroi — msorunca —1800 m. Onna B BBIJICTIEHHON MEePCIIEKTUBHON 30HE

J0CTAaTOYHO IIUupoKas 30Ha BBIJICTIACTCA BBIKJIMHUBAHUA JOCTUTalOT CYMMAapHO 200 m.

B 3amaJHOW 4YacTH, Apyras — B LEHTPaJbHOII, IlepcieKTHBHBIE IOJIOKUTEIBHBIE CTPYKTYPBI
B BOCTOYHOHM YacTu — JUIIb HEOOJbLIas 30HA OrpPaHUYMBAINCH 3aMKHYTBIMH H30THUIICAMHU U

BONM3M T1yOOKO# ckBaxnHbl bec-Kroenbekoii-1. JIUHUSIMU Pa3IOMOB.
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1 — cKkBa*KuHbI ryboKoro bypeHuns; 2 — nsoruncol; 3 — ceicmmyeckme npodunm; 4 — KOHTYp palioHa pabor;
5 — ruapoceTb; 6 — IMHUA BbIKNIMHMBAHMA TaraHOKNUHCKOM U MOHOMCKOM CBUT; 7 — CKBA*KMHbI C MPUTOKOM
rasa; 8 — CKBaXKMHbI C MPUTOKOM BOAbl; 9 — cyxue CKBaxKuHbl; 10 — nepcrnekTuBHble 30Hbl; 11 — pasnombl

Puc. 8. KapTa nepcnekTUBHbIX 30H HUKHETPUACOBOTO He¢Tera3OHOCHOFO KoMnneKca

Fig. 8. Map of zones with high oil and gas potential for the Lower Triassic petroleum complex

3aksoueHune

CHHEKJIU3BI MOATBEPKICHA HAJIMIUEM

B xome wucciemoBaHus —TpOaHATU3U- MECTOPOXKACHUM raza U  Tra30KOHJICHCATa.
POBaHO T€OJIOTUYECKOE CTPOCHHE TPHUACOBBIX C TOYKH 3peHuUs MEePCIEKTUB
OTJIOKEHWN 30HBI COYJICHEHUS Buironckomn He(TEera30HOCHOCTH JTaHHBIC OTJIOKCHHUS

CHUHCKIIN3BbI n AHTCKIJIN3bI.

Annanckon

Hns Tpex CBUT HIDKHETO Tpuaca

He()TEra30HOCHOCTh B mpeaesax Buiroickoi

SIBIISIIOTCS BRICOKOIIEPCTIEKTUBHBIMA. B pa3zpesax
MMEIOTCSl TECYaHWKH — KOJIJIEKTOPHI BBICOKOTO
Ka4yecTBa.
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HemxenuHckass W MOHOMCKAasl CBHTHI,
KOTOpbIE SBISIFOTCS PETHOHAIBHBIMHU (PIIronmo-
yHopamH, MOMHMO 3TOrO COAEpXaT U JIMH3BI
MIECYaHUKOB, KOTOPBIE TAKXKE€ MOTYT BBICTYNAaTh
Kak  KoJulekTopbl. JlaHHbIl  ¢akT  gaer
BO3MOYKHOCTh ~ pacCMaTpuBaTh O3TH  CBUTHI
KaKk OTZenbHble OOBEKTBl sl IPOTHO3a
He(Tera3oHOCHOCTH.

Ilo MaTepmanaM CKBakKHH MOATBEPKICHO
BBIKIIMHABaHUE TPHACOBBIX OTIIOKEHUM
B IIpelxenax 30Hbl COWIeHeHUs Buroickoi
Anmanckon

CHHCKIIN3bI n AHTCKIJIU3BI.

WNHuTepnperanus CEHCMUYECKUX JIaHHBIX
MO3BOJIMIIA 3aKapTUPOBATh 30HBI BHIKJIMHUBAHUS
He(TEra3oHOCHBIX CBUT TpUaca IO IUIOMAIH.

[lepBolii THI HedTETa30MEPCIEKTUBHBIX
30H BblAETSeTCS BOMM3M JIMHUH  BBIKIIH-
HUBaHUS CBUT TpHaca, rae MOTYT
(dopMHpOBaTbCA  JUTOJOTHYECKH W CTpaTH-
rpaduyuecKu OrpaHUYECHHbIE JIOBYLIKH.
B pa3pe3ax HeneKJIMHCKOH U MOHOMCKON CBHUT
B O3THUX 30HAX IMpeIoaraeTcsi yBeJIWYeHHE
KOJINYECTBA IE€CUAHBIX MPOIUIACTKOB, 3a CYET
Onmuzoctd K rpaHMumaM  maneodacceiiHa
0CaJIKOHAKOTIJICHHUSI.

IlepcuekTHBHBIE OOBEKTHl BTOPOTO THIA
CBSI3aHBI C AHTUKJIMHAJIBHBIMH TOAHATHIMH, TaK
KaKk HMMEHHO K HHUM TPHYPOYEHBI OTKPBITHIC
B Tperenax Bumolickoil HedTerazoHOCHOH
o0jmacTu 3aleXw B OTIOKEHHSIX HIKHETO
Tpuaca. B 3amamHoii dWacTH rOKHOrO OopTa
Buntolickoil  CHHEKIIU3bI,  AHTUKINHAJIbHbBIE
CTPYKTYpHl (OPMHPYIOTCS Haja Pa3oOMaMH,
KOTOpble  ObutM  0Opa3oBaHbl B XOje

BKknap aBTopa

MO3AHEIEBOHCKOTO  pudroreneza.  JlaHHbIC
pa3joMBbl, TMPETEepHeNd pPEeaKTUBAIMI0 B CBA3H
¢ (OpMHUPOBAHUEM BJIOJIb BOCTOYHON OKpPaWHBI
Cubupckoit m1aTOopMBI BepxosHckoro
CKJIaq4aToro Tmosica Ha pyOexe IOpPCKOro u
MEJIOBOTO MEPUOJIOB, U MO3KE B PAHHEMEIIOBYIO
ATIOXY o0pa3oBaHHA [IpenBepxosHCKOTO
mporuba. JlaHHBIE TPOILECCHI  MOCTYKUIH
W TpPUYMHOW  0Opa3oBaHWSI  BBITSHYTHIX
MTOJIOKUTENBHBIX CTPYKTYP B BOCTOYHOW YacTH
ucciexyeMoi Teppuropun. Bee oOpa3oBaHHBIC
CTPYKTYPBI

HapyILIECHUSIMH,

OCJIOKHEHBI Pa3pbIBHBIMU

CEKYIITUMU MIEPMCKHE,
TPUACOBBIC U IOPCKUE OTIOKEHHs. ONpeaenuTs,
KaKoe — MOJIOKUTEIBHOE WIA OTpULATEIbHOE —
BJIMSHUE HA COXPAHHOCTb 3allekKEH OKa3aau
JU3BIOHKTHBEI, MO HWMCIOIMMMCS JaHHBIM HeE
MPEACTABISIETCS BO3MOKHBIM.

BrineneHnple mepcrneKTHBHBIC 30HBI U
O0OBEKTHl  YKa3bIBAIOT  HAMpaBJICHUA  JJIA
MIPOBEACHUSI JATBHEUIITUX Te0JIOrOPa3BeI0THBIX
M HCCIICNOBATEILCKUX PA0OT Ha OTJIOKCHUS
HUWKHero Tpuaca. [loBblllleHHE IIOTHOCTH
ceficMuuecknx — mpodwied  uiaM  OypeHme
rIyOOKOW CKBa)XXWHBI B pailOHE COKpaIIeHUs
TOJILKH OTJIOXKEHUHN TpHaca MO3BOJIAT MOIYYUTh
0oyee neTalbHOE TPEICTaBIEHHE O CTPOCHHUU
BBIKJIMHUBAIOIIUXCSA  OTJIOKEHMH.  YUHUTBIBas
MOBBIIAIOIIMICA K  BOCTOYHBIM  palOHaM
Cubupckoii aThopMbl, TPUACOBBIE OTIOKCHUS
Bumoiickoifi  CHHEKIM3BI C  JIOKa3aHHOM
Fa30HOCHOCTBIO MOTYT SIBIIATBCS  XOPOLIUM
(yHIaMEHTOM JUIsl COCTaBJICHHS MPOTPaMMBbI

OyayIux ucciaeJoBaHuM.

M.M. TaxBaTynuH — KOHIEMIINA, COOp JaHHBIX, aHAJIN3 U HHTEPIPETANNS JaHHBIX, IIOATOTOBKA U

pEIaKTHPOBAHKE TEKCTA.

KoHGAUKT uHTepecos

ABTOD 3asBIIsI€T 00 OTCYTCTBUH KOH(MDINKTa HHTEPECOB.
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NEW METHODS AND TECHNOLOGIES OF STUDYING THE GEOLOGICAL ENVIRONMENT
OF OIL AND GAS BASINS
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Geological structure and oil and gas potential of
the Triassic deposits in the junction zone of
the Vilyui syneclise and the Aldan anteclise

Matvey M. Takhvatulin2 4

1 - Siberian Research Institute of Geology, Geophysics and Mineral Resources,
67 Krasny Ave., Novosibirsk, 630091, Russia

2 — Novosibirsk State University, 2 Pirogova St., Novosibirsk, 630090, Russia

Abstract. Objective. To clarify the geological structure of the Triassic deposits in the junction zone of the
Vilyui syneclise and the Aldan anteclise and to identify promising zones and objects for the studied
Triassic deposits in terms of oil and gas potential. Materials and methods. The study used previously
published sources, deep well logging data, adjusted stratigraphic breakdowns and the results of testing
the intervals of the Triassic deposits in deep wells. The well data were used for a comprehensive analysis
of new seismic exploration data obtained during seismic exploration work over the past 10 years.
Results. Analysis of core description data and well logging records allowed us to describe the lithological
structure of the productive Triassic deposits and assume the sediment formation environments.
Adjusted stratigraphic breakdowns were tied to seismic time sections at well points. Reflecting seismic
horizons were correlated with stratigraphic boundaries. Structural surfaces and thickness maps of the
Triassic complex were constructed based on the seismically traced horizons. Wedging-out zones of the
Nedzheli, Tagandzha and Monom formations were outlined. Faults were identified and traced using
seismic data. A comprehensive analysis of all well and seismic data, obtained during interpretation,
identified promising oil and gas zones and objects near the wedging-out lines. Conclusions. The Nedzheli
Formation is distributed over a significantly smaller area than other Triassic formations. The areas of
distribution of the Tagandzha and Monom formations coincide. In the pinch-out zone, there is a high
probability of sand deposits that can serve as hydrocarbon reservoirs. The wedging-out zone is highly
likely to contain sand deposits, which are potential reservoirs that, by decreasing thickness, form
lithologically limited traps for hydrocarbons. In the western and northern parts of the study area, the oil
and gas potential is associated with anticlinal structures complicated by faults. The contours of
promising zones and objects can serve to clarify the direction of further geological and geophysical
studies of the territory for oil and gas potential.

Keywords: Vilyui syneclise, Aldan anteclise, Triassic deposits, Nedzheli Formation, Tagandzha Formation,
Monom Formation, oil and gas potential, Sakha Republic (Yakutia)
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HAYYHbIE NPOB/IEMbI MPOEKTUPOBAHMSA, SKCNNYATALUMU U KOHTPOA NOA3EMHbIX
XPAHWULL, YTNEBOAOPOLOB

OpurnHanbHaA cTaTbA
YK 622.276
https://doi.org/10.29222/ipng.2078-5712.2025.03

FeomexaHMUYeCKUii aHaIn3 Npouecca paspyLieHun
Npu3aboMHbIX 30H U 3aTPYOHOro NPOCTPAHCTBA CKBAXKUH
npu 3KcnayaTauum NoAa3eMHbIX XpaHUAULLY ra3a

A.M. Csanos P4
NHcTuTyT Nnpobnem HedTn 1 rasa PAH, Poccus, 119333, MockBa, ya. Ny6KuHa, 4. 3

AHHOTauuAa. AkmyaneHocme., B paboTe npoaHanusMpoBaHbl reoMexaHUMYecKue NPOLLEecChl,
obycnosanBalolmMe paspylieHne nNpusaboliHbiX 30H CKBaXXMH M WX 3aTpybHOro npocTpaHcTBa nNpwu
3KCMAyaTauumn MoA3eMHbIX XPaHWAuMLL rasa. PaspyweHue nopodbl B Mpu3aboiMHbIX 30HAX CKBaXKWUH
NPMBOAUT K MHTEHCUBHOMY BbIHOCY YacTUL, pa3pyLleHHOW Nnopoabl (necka) B CTBOJI CKBaXKMUHbI U Aanee
Ha ee yCTbe, CHUXas NPOM3BOAMUTE/IbHOCTb CKBAXKMHbI M MPUBOAA K UHTEHCUBHOMY M3HOCY CKBaXKMHHOMO
06opyaoBaHuA. PaspylleHne LeMeHTHOIo KamMHA B 3aTPYBHOM NPOCTPAHCTBE CKBaXKMHbI MPUBOAMT K €ro
pasrepmeTusaumu, MOCTYMN/JEHMIO rasa B BblWEPACMO/IOKEHHbIE MPOHULAEMble MAacTbl UM Ha
MOBEPXHOCTb 3emMaM, 4YTO, MOMWMO MOTepb Yr/1eBOAOPOAHOrO CblpbA, MOXeT MpPUBOAUTL K
BO3HWKHOBEHWIO 3KON0rMYecknx npobnem. Lleas pabomsl. AHaNM3 mexaHM3MOB paspyLUeHUs nopoabl
NPV 3aKayke rasa B NOA3eMHble XpaHMANLLA ra3a M pa3paboTKa NoAX0A0B K CHUMKEHUIO MHTEHCUBHOCTU
Takoro paspylieHus. Mamepuansl u memodsi. B paboTe MCNOAb3YOTCA METOAbl MaTeMaTUYEeCKoro
MOJEe/IMPOBaHNA  HanpAKeHHO-4ePOPMUPOBAHHOIO  COCTOAHMA TOPHbIX nopod. Pesysnsmamel.
MoKa3aHo, YTO NPOLLECCHI Pa3pyleHMsa Nopoabl Haubosiee MHTEHCMBHO NPOUCXOAAT B MEPUOL 3aKauKu
rasa B MOA3eMHble XPaHWAULLA, XapPaKTePU3YIOWMIACA ISKCTPEMasbHO BbICOKMMMU  3HAYEHUAMMU
NNacToBOro AaBfeHUs B Npu3abolHON 30HEe CKBaMKMHbl. POCT MNacToBOro AaB/ieHUA WUHULMUPYET
NPOLECcC Pa3BUTUA pPa3pyLLAIOWLMX HaMNPAKEeHWA B Nopoje M B LEMEHTHOM KamHe B 3aTpybHom
NPOCTPAHCTBE CKBaXWMHbI, BCIEACTBME Yero NPOUCXOAMT NOTepsa CUEenNeHMA LEMEHTHOrO KamMHA C
nopoAoi 1 pa3BMBalOTCA NPOLECCHI TPELWMHO06PA30BaHNA B OKPECTHOCTU HeobCcaXKeHHOM 4acTy cTBoNa
CKBaXKUHbI, YTO ABAAETCA NPEANOCLIIKOM MHTEHCUBHOIO BbIHOCA NECKa NPU Aa/ibHeNLWel sKkcnayaTaumm
CKBaKUHbl. Bbl800bl. YCTAaHOB/IEHO, YTO AN CHUMKEHWA WMHTEHCMBHOCTM M3BbITOYHBLIX Pa3pyLlaoLWmMX
HanpPAKeHU B NOPOAE M B LEMEHTHOM KaMHe Lieiecoobpa3HO No3TanHoO NOBbIWaTh AaBAeHUE 3aKauYKu
rasa B XpaHuAuWe, C ANMTENbHOCTbIO KaXKAoro aTana, onpeaensiemMoit BpeMeHeMm Bbixo4a npolecca
3aKaYkM Ha KBa3WCTALMOHAPHbLIA pexXum. MOKa3aHo, YTO YCTaHOBKA LEMEHTUMPYEMOTrO MPYKUHHOMO
LeHTpaTopa B KPOBAe HafA NPOAYKTUBHbLIM MIACTOM MpPU CTPOMUTENIbCTBE CKBAXKMHbI MPW 3KCMyaTauum
NOA3EeMHbIX XPaHWUAULY, ra3a TaKke byaeT cnocobcTBOBaTb CyLECTBEHHOMY CHUMEHUIO MHTEHCUBHOCTYM
paspyLIAoWMUX HAaNPAXKEHUIN B ee NPUCTBO/IbHON 30He.

KnioueBble c/ioBa: NogsemMHble XpaHUAWULWA ras3a, repMeTUYHOCTb 3aTPYyOHOro MpPOCTPAHCTBA, YTEUKM
rasa, paspyleHue np13aboiHol 30HbI, BbIHOC NECKa
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®duHaHcMpoBaHue: paboTa BbLIMNOJIHEHA B PaMKax rocygapctBeHHoro 3agaHus WMMNHI PAH (tema

Ne 125020501404-4).

Ona umtnpoBaHua: Caeasnos A.M. FeomexaHNUYECKWIA aHaMU3 NpoLecca paspyeHna nprusaboHbIX 30H U
3aTPyBHOrO MPOCTPAHCTBA CKBAXKMH MPW 3KCMyaTauuu MoOA3EeMHbIX XpaHuauw, rasa // AKTyanbHble
npobaembl HedTH U rasa. 2025. T. 16, Ne 1. C. 99-109. https://doi.org/10.29222/ipng.2078-5712.2025.03

BeepeHue

[Tpobnema yTeuek yrieBOJOPOAHOTO Ta3a
n3 momzeMHbix  xpanwmum  raza  (IIXT)
yepe3 HErepMEeTUUHOE 3aTPyOHOE MIPOCTPAHCTBO
CKBAXUH B  BBIIIEPACIIONOXEHHbIE  BOJIO-
HaCBHIIIEHHBIE TUIACTBI U B aTtMocdepy 3eMin
NPUBOIUT HE TOJBKO K IOTEpPsIM Tasza Mpu
skciuyatauuu [IXI, HO W K HeraTuBHOMY
BO3ZIEMCTBUIO HA  COCTOSHME  IPUPOTHOU
cpemst  [1, 2]. Kpome TOro, BBIHOC
B CTBOJN JOOBIBAIOIICH CKBaXKMHBI IIECKa,
oOpasylomerocsi Npd Ppa3pyLICHHH IOPOJIBI
lacTa OT JeHCTBUS LUKIMYECKUX Harpy3oK
npyd 3aKkauke © oTOOpe Tasza, NPUBOJHT
K OCIOXHEHHMsM Tnpu dkcmryatanuu [IXT
u3-3a  o0pa3oBaHMA  IECYaHBIX  NPOOOK
B CTBOJIAX CKB&KUH, MPENSATCTBYIONINX MOABEMY
wiacToBoro  (Guouga Ha  IOBEPXHOCTD,
a TakXKe K YCKOPEHHOMY M3HOCY CKBaXHHHOTO
o6opynosanus’ 2 [3, 4].

Hus MOBBIILICHUS repMETUYHOCTH

3aTpyOHOTO  NPOCTPAHCTBA  CKBAXHH |
TOBBIIIIEHUS YCTOWYMBOCTH HX MPHU3a00IHBIX
30H K paspylalollMM Harpyskam, pas3BH-
BalOIUMCSl TpH 3HAYUTEIBHOM IOBBIIICHUH
TUTACTOBOTO JABJICHUsSI B TPU3a0OMHBIX 30HAX,

HanpuMep, npu 3akauke rasza B [IXI', moxer

! Abandoned oil and gas wells are leaking methane
across the USA // Inhabitat. 2015. 29 January.
URL:  https://inhabitat.com/abandoned-oil-and-gas-
wells-are-leaking-methane-across-the-USA (mata
obpamenus: 15.12.2024).

2Plugging and abandonment of oil and gas
wells: Working Document No. 2-25 of the NPC
North American Resource Development
Study, 15 September 2011. 21 p. URL:
https://www.npc.org/Prudent Development-Topic
Papers/2-25 Well Plugging and Abandonment
Paper.pdf (nata obpamenus: 15.12.2024).

OBIT TIpeIoKeH crnoco6’. CormacHo 3ToMy
croco0y B TPOILIECCE CTPOUTENHCTBA CKBAKUHBI
HaJl TPONYKTHBHBIM IJIACTOM Ha HEKOTOPOM
Y4acTKE €ro KpOBIM PpacCIIUPSETCsl CTBOJ
CKBXHMHbI M B KOJOHHE 0OCagHbIX Tpyo
B COOTBETCTBYIOIIEM MECTE YCTAaHABIHUBACTCS
NPY>KUHHBI ~ LIEHTpaTop C  HOMHMHAJIBHBIM
HCXOTHBIN

ANaMCTpOM, MPEBLIIITAOIINM

JaMeTp CTBOTA CKB2)KHHBIL. [Tocme
[IEMEHTHPOBAHHUA 3aTPyOHOTO TPOCTPAHCTBA
CKBaXMHbI B PACHIMPEHHOM YYacTKe ee
cTBONMa oOpa3yercs IKECTKOE  BKIIIOUEHHE,
apMHUPOBAHHOE METAUTMYECKUMHU DIIEMEHTaAMHU
NPYKUHHOTO — IIEHTPaTOpa, TPETSITCTBYIOLIEEe
MPOJOIHPHOMY  CMEIICHHIO TOPOABI  BJOJNb
KOJIOHHBI 00CagHBIX TpyO TMpPU HU3MEHEHHUH
IJIACTOBOTO JABJICHUS B TNPHU3a00HHON 30HE
CKBWKHUHBL. JTO 00ecredrnBaeT COXpaHEHHe
BBICOKOTO YPOBHSI T€PMETHYHOCTH 3aTPyOHOTO
MPOCTPAHCTBA CKBWKUHBI B Tpolecce ee
JKCIUTyaTallik ¥ TPOBEJeHWEe B  He
TEXHOJIOTHYECKUX MEPOIIPHUITHH, COMPOBOXK/IA-
IONIMXCSI M3MEHEHHWEM IUTACTOBOTO JIABIICHHUS
B IIpu3a00HOM 30HE CKBaYKUHBI.

Bmecre ¢ TeM He0OXOOUMO OTMETHTB,
YTO peanu3aluio 3TOro crnocoba Haubolee
pallMOHANIBHO  OCYIIECTBIATH  HAa  CTaJUU
CTPOUTENILCTBA CKBOXKWH, B JIEHCTBYIOIINX
CKBaXMHAaX €ro NPUMEHEHHE  COMPSIKEHO

CO 3HAYUTCIIbHBIMUA TPYAHOCTAMU.

3 Ceanoe A.M. Tlar. RU 2775849 C1. Cnoco6
MOBBILICHUSI repMETHYHOCTH 3aTpyOHOTO
NpocTpaHcTBA HE(MTSHBIX M Ta30BbIX CKBAXHH
(Bapmanter). Ne 2021135972; 3assn. 07.12.2021;
Ony6n. 11.07.2022 // W3o6perenuns. Ilonesnsie
moxeau. 2022. bron. Ne 20. 13 c.
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Kpome TOTrO, JIaHHBIA crocoo,

B OCHOBHOM, IOBBIIIAET  YCTOWYHMBOCTH
MPUCTBOJIGHOM 30HBI CKBaYKMHBI K BO3/IEHCTBHUIO
paspyarImux Harpy3okx B oOnacty,
PacIoIOKEHHOM  BONM3M  KPOBJIM  IIPOAYK-
TUBHOTO IIJ1acTa, U CTENEHb YCTOHYUBOCTH
CTCHOK CKBaXHH K pa3pylICHHI0O BO BCEM
MHTEpBaJie MPOAYKTUBHOTO IIacTta, OCOOEHHO
qns ckBaxkuH  [IXI, CTBOJBI  KOTOPBIX
B IIPOAYKTHMBHOM HMHTEpBaJIe, KaK MPaBUIIO, HE
oOcakeHbl CTaNBbHBIMH TpyOamM, MOBBILIACTCS
HECYIIECTBEHHBIM 00pa3OM.

Lenpto  paboTBl  SIBASIETCS  aHAIM3
reOMEXaHUYEeCKUX IPOLECCOB, OOYCIIOBIUBA-
IOLIMX pa3pyLleHre NPU3a0OWHBIX 30H CKBAXKHUH
IIXT', pa3BUBaIOIIMXCS HA CTAJUU 3aKayKH rasa
B XpaHWIHIIC O] BBICOKMM JaBJICHHUEM,
a TaKkKe IpengaraeTcsi Ccrnocod CHIKCHHSA
MHTEHCUBHOCTU 3TOTO Pa3pyLICHUS U, COOTBET-
CTBCHHO, CHIDKCHHE WHTEHCHBHOCTH BBIHOCA
mecka M TOTeph Taza dYepe3 3aTpyOHOe
NPOCTPAHCTBO CKBKHH TPU  OKCIUTyaTalllu

IIXT.

AHanus npobnembl

BaxxHo oTMeTHTb, UYTO HpU 3aKayKe
raza B [IXI' mpeBbillieHHE [aBJICHUS 3aKayKd
HaJ TJIaCTOBBIM JaBJIEHHUEM, YCTAaHOBUBIIMMCS
B HCTOLICHHOM XpaHWIHLIE NEpell 3aKaukoil
raza, Moxet jocrurate ~15-18 Mlla [1, 2].
IIpu »>TOM  OBICTPBII W 3HAYUTENBHBIN
pOCT  BENMYMHBI  IUIACTOBOTO  JABIICHUS
B Npu3a0OWHONW 30HE CKBaXXHHBI BBI3BIBACT
pa3BUTHE CONOCTABUMBIX C HUM IO BEIMYUHE
M30BITOYHBIX HANpPsOKEHWH Kak B CaMOM
T1acTe, Tak ¥ B MPUCTBOJBHON 30HE CKBAKHWHBI
BBIIIE M HWXKE MPOAYKTHBHOTO Iacta [5].
IIpy 5TOM CyIIECTBEHHO, YTO H30OBITOYHBIE
HaNpsOKEHUsl JTOCTUTal0T MaKCUMyMa HMMEHHO
HAa  HaYalbHOM  CTaAWMM  3aKadykd  Tasa,
korga  OGGeKTHUBHBIA  pamuyc  BOPOHKHU
penpeccurt B Mpu3a00HHONW 30HE CKBAYKHHBI

OTHOCHUTCIIbHO MaJl.

JlecTBUTENbHO, KaK MOKa3aHo Ha puc. 1,
Ha HaYyaJbHOW CTaAMM M3-3a MPOTHUBOJACHCTBUS
ynopyrux cun B kpoine mimacta (1)
BEPTUKAIbHOMY CMEIIEHUIO MIOPOBI
MPOAYKTUBHOTO TIacTa (2), MPOUCXOSIIETO
BCJIEJICTBHE IOBBILICHUS IUIACTOBOIO IABJICHHUS
B BOpOHKe penpeccud ¢ 3((EKTUBHBIM
pamuycoMm R’, BEIMYMHA  BEPTHUKAIBHOTO
CMemIeHnsT  Mopoxel  mnacta O Oynmer
OTHOCHUTEJIBHO MAJOW, CTpeMSLIEHCS K HYIIO
Ha CaMOM HayaJbHOM JTale 3aKauyku Ta3a
B IIXI', T.e. mpu Benu4yMHE panuyca BOPOHKHU
penpeccuu R, OIU3KOM K HYIIO.

Ha Oonee mo3mHed cTaguy 3akadyku rasa
¢ poctoM 3¢GEKTUBHOTO paanyca BOPOHKH
penpeccud R pacTeT W BEJIUYMHA O
BEPTUKAJIBHOTO CMEIIEHUs IUIacTa, JOCTHUTas
MaKCHUMyMa KO BPEMEHH, KOI'Zla panyC BOPOHKH
penpeccur OyAeT 3HAYMTENBHO IPEBBILIATH
rIyOMHY 3aJleraHusl TNPOAYKTUBHOTO IIacta
(cTBONT  CKBaXXWHBI, HaxOJSIIUICI Ha OCH
CUMMETpUH, Ha pUC. | HE MOoKa3aH).

BaxxHO MOJYEpKHYTh, UTO €CIIM BETUUYMHA
BEPTUKAIBHOTO CMELIeHHsl Iuiacta o  IpH
MaJIbIX 3HaueHuAx d(dexkTHBHOTO paamyca R’
BOPOHKHU penpeccuu O6Ju3Ka K HyJI0, TO OTCIO/Ia
ClIeyeT, 4TO Ha HAYaJIbHOW CTaAM{ 3aKauKH
raza B [IXI' BenuunHa BepTUKAJIbHON pacTs-
TMBAIOLICH KOMIIOHEHTHI HAIIPSKEHHUS B MOPOAE
B TpU3a0OHHON 30HE CKBKWHBI BOIHM3U €e
CTBOJA TarKke ONM3Ka K HYJIO, HECMOTpSA
Ha JIeCTBHE HA KPOBIIO miacta nepenaga AP
MEX[Iy JaBJICHHEM 3aKauyku Ha 3a00€ CKBaKMHBI
M TUTACTOBBIM JaBJIEHHEM. OJTO O3HAYaAEeT, YTO
MpH MaJlOM pajyce BOPOHKH PENpecCHH
3a CcUeT JEHCTBUS YNPYTHMX CHJI, DPa3BHBAIO-
IIMXCSI B NPUKPOBEJIBHOW 00JIACTH MOKPBILKH
acTa M MPENATCTBYIOIIMX BEPTHKAIHLHOMY
CMEILIEHHIO TIOPO/IBI, B MPUCTBOJILHOU
30HE IUTacTa YBEJIWYMBACTCS BEPTHKAIBHOE
CKHUMAIOIEE HaINpsDKEHUE, HEWTpalnsyloliee
pacTshKeHHe IMOpOoJbl, OOYCIOBIEHHOE POCTOM
MTOPOBOTO JABJIEHHUS B 3TOH 30HE.
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R’ — adpdeKTUBHbIN paanyc BOPOHKKU penpeccun, &' — xapaKkTepHas BENUUYMHA BEPTUKAIbHOTO CMELLEHWUA KPOBAU
MAacTa Ha Ha4ya/IbHOW CTaZAMW 3aKayku rasa; R — 3pPeKTUBHbIN pagMyc BOPOHKKU penpeccun, & — xapakTepHas
BE/IMYNHA BEPTUKA/IbHOTO CMELLLEHWsA KPOB/IM NacTa Ha Bonee No3gHel cTaany 3akaukm

Puc. 1. CxemaTnyHoe n3obparkeHune aedopmaunmn Kposau (1) u npoayKTMeHoro naacra (2)
npw 3akayke rasa s MXI

Fig. 1. Schematic representation of the deformation of the roof (1) and the productive reservoir (2)
during gas injection into the underground gas storage facility

[Ipu 3TOM CyIIECTBEHHO, YTO TIPH POCTE
CKUMAIOIIMX HANpPsDKEHUA B IPUCTBOJBHOMN
30HE CKBXWHBI B KPOBJIE TLIACTa Pa3BUBAIOTCS
HaANPsOKEHUS CJIBUTA HA TMOBEPXHOCTH CTaIbHBIX
obcamHbIX TpyO, KecTkocTh (Momyns HOHra)
KOTOPBIX B JIECATKH  pa3  TPEBBIIIACT
XapaKTEPHYI0 KECTKOCTh TOPHOH TMOpOABl M
IIEMEHTHOTO KaMHS B 3aTpyOHOM IIPOCTPaHCTBE
ckBaknH. Kak mokazano B pabore [5],
Ha HayaJIbHOM cTaguu 3akadykyd rasa B [IXIT
3HaueHUS] MaKCHMAJIbHBIX HANPSHKEHUH CIBUTA
Ha TOBEPXHOCTH OOCAIHBIX TPYO M Ha TPAHHIIS
IIEMEHTHOTO KaMHS CO CTEHKOH CKBa)KHHBI
nmocturatior ~80—100% oT BeNMMUYWHBI Tepernaa
maBienns AP mpu 3akauke raza. Orcioga
ClIelyeT, YTO Ha HA4YalbHOM CTaJAMM 3aKadK{
raza B XpaHWIUIIE >KECTKas CBSI3b MEXKIY
[EMEHTHBIM KaMHEM W CTEHKOH CKBa)KHHBI,
ocnabiieHHas HAJIWYHEeM OCTATKOB TIJIMHHUCTOM
KOPKH, 00pa3yroleicss Ha CTEHKaX CKBAYKUHBI
OypeHus,

B mnmpounecce MNPaKTUYCCKHU

Hen30eXXHBIM ~ 00pa3oM  paspymiaercss U
3aTpyOHOE TIPOCTPAaHCTBO CKBaXKMHBI TEpsieT

CBOIO TEpMETUYHOCTD.

BaxHO TakXke OTMETUTh, YTO M3MEHEHHUE
HanpsHKEHHO-1e()OPMUPOBAHHOTO  COCTOSIHUS
MOpOJbl HAa HAYadbHOW CTAaIWU 3aKayky Tasa
B [IXI" mpoucXOoAUT HE TONBKO B MPUCTBOJBHOMN
30HE CKB@XHHBI B OKPECTHOCTH KpOBIHU
MPOAYKTUBHOTO IIJIACTa, HO W B MPUCTBOJIBHOU
30HE JTOW CKBa)XHHBI BO BCEM HHTEpBaJIE
MPOJYKTUBHOTO IUIACTA. ITpu 3TOM
CYLIECTBEHHBIM OOCTOSITETILCTBOM SIBISETCS TO,
yTO TIpu CcTpouTenbcTBe ckBaxkud IIXI', kak
paBuiIo, o0cagHble TPYOBbI CIIyCKAlOTCS B CTBOJI
CKBOXMHBI TOJBKO 1O YPOBHA  KpOBIIH
MPOAYKTUBHOTO IUIacTa, T.€. B HHTEpBale
MPOAYKTHUBHOTO

mIacTa CTBOJI CKBa’>XHHBI

HE  3aKperuisieTcsi KECTKUMH  CTaJlbHBIMU
obcamapiMu TpyOamu. Ha puc. 2 cxemaTwdHO
n300pakeH CTBOJ CKB&KMHBI B HHTEpBaje
NPOAYKTHUBHOTO IJacTa B KOOpDAWHATAaX z
(BepTHKaJbHAs KOOpAMHATA) U T (paguaibHas
KOOpIMHATA) W HamlpaBlIieHHS JCHCTBUS Ha
CTEHKE CKBa)XWHBI HANPSHKCHUH G-, G- U Gp —
HaNpsHDKEHUH B BEPTUKAIBHOM, DPaJHalbHOM H
YTJI0BOM, COOTBETCTBEHHO YTJIOBOW KOOPIHHATE

(p, HaIIpaBJICHUSX.
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HanpsaxeHua:
G, B BEPTUKANbHOM (z) HanpaBAeHUM,
(o8 B paguanbHOM (7) HanpaBaeHUU
Go B YI/I0BOM (COOTBETCTBEHHO Yr/10BOM

KoopZAuHaTe @) HanpasieHun

——— [IUHWA NOKa3biBaeT HanpaBieHue

Pa3BUTMA HaNpPAXKeHUI cagura
C MaKCMMaibHOWN BEIMYNHOMN
Ha CTEeHKe CTBOJ1a CKBaXKMHbI

Puc. 2. Cxema Hal'lpaBl'IEHVIﬁ AEVICTBMH Hal'lpﬂ)KeHVIVl Ha CTEHKe CTBOJ1a CKBAXXWUHbI

Fig. 2. Schematic diagram of the directions of stress action on the borehole wall

KauecTBeHHBIE OCOOCHHOCTH HMCXOHOTO,
JI0 Hayaja nmporecca 3akadyku raza B IIXT,
pacrpeneseHusl STUX HANPSHKEHUN B MOPOJE Ha
rryOnHax ~1 KM WM MeHbBIIE C JOCTaTOYHOM
JUTSL TabHEHIIero aHanm3a TOYHOCTBIO MOTYT
OBITH ONHKCAHBI CJICAYIONUM 00pa3oM.

Ha ykaszaHHBIX TIyOMHAax, XapaKTEPHBIX
s IIXT, ropHas nmopoaa HaXOAUTCS B CHKATOM
COCTOSTHUH TIOJI JI€HICTBHEM BEPTHKAILHOTO H
OOKOBOTO TOpPHBIX JaBJICHUH, TPU ITOM
XapaKTepPHbIE BETMUYNHBI U30BITOUHBIX HAIPSDKE-
HUH, pa3BUBAIOIINXCS B TIOPOJIE TIPU pa3padoOTKe
MECTOPOX/ICHUH, HE JOCTUTAIOT YPOBHEH, IMpH
KOTOPBIX  pa3pyllIeHHE TMOPOAbl ObLIO OBl
00YCJIOBJIGHO TIPEBBLINICHHEM IIPEACTIOB MPOU-
HOCTH Topoasl Ha cxkarue. [lo 3Tolt mpuunHe
HANPSOKEHUSMY,  BBI3BIBAIONIUMH  Pa3BUTHE
MPOIIECCOB pa3pylIeHWss B IUTACTax, HaXOIs-
HIMXCS Ha TIyOuHe ~1 KM, ABJISIOTCS Hampske-
HUS CIIBUTA B MOPOJIC, MAKCUMAJIbHBIC 3HAYCHUS
KOTOPBIX OTIPEICIISIIOTCS MOy Pa3HOCThIO
MPUBEICHHBIX BBIIIC HOPMAJIbHBIX HAMPSHKCHHUN
G:, G- U Gy, & TAKXKE PACTATHBAIOIINE OKPY>KHBIC
(YyrioBeie) HampsDKEHUS B TPUCTBOJBHOMU
30HE CKBaXKUHBI, JOCTUTAIOIINE 3KCTPEMAIBLHO
BBICOKMX 3HAUCHWH Ha CTaIud 3aKadykd Tasza

B IIXT. Ormerum, uro zaehopMHpOBaHKE

HACBIIICHHBIX IOPUCTBIX CpeA, K KOTOPBIM
OTHOCSITCSI ~ BBICOKOIIPOHHIIAEMbIE  IMOPOJIbI-
KOJUIEKTOPBI, TMPOUCXOAUT TOJ  JeiCTBHEM
3¢ (EeKTUBHBIX HANPSHKCHUH, T. €. HANPSKEHUH,
BEIMYNHA KOTOPBIX OIPENENIEeTCS Pa3HOCTHIO
3HAYEHUW TIOJHBIX HANPSXKEHUH B MOPOJE
M 3HAYEHHUS TIOPOBOTO [aBJIECHHS B JIAaHHOU
TOYKE HACBIEHHON MOPUCTOM CPebl.

Orcroga  ciexyer, 4YTO  BEJIWYMHA
3(G(EeKTUBHOTO pajuajbHOIO HANPSDKCHUS Gy
Ha CTEHKE HeoOcaXeHHOH CKBaKWUHBI
B HACBHIILIEHHON MOPUCTOH cpene OyaeT Bceraa
HyJleBOil. BenwumHa  TOpPHOTO  JaBJIECHHA
B TOpOJIe€ B BEPTUKAJIHLHOM HANpaBICHHUH, Kak
MpaBWJIO, JOCTATOYHO TOYHO OIpeAemseTcs
BECOM BBIIIEJIEKAIETO MaccuBa IMOpPOJI H
B UCXOJHOM, JI0 Hayaja Ipoliecca 3aKauky rasa
B [IIXI, ycraHOBUBLIEMCS COCTOSHHHU IIpU
XapaKTEpHOM IUIOTHOCTHM TOPHOM  IOPOJBI,
paBHOIi ~2,3 Tr/cM’, BepTUKaNbHAas Harpyska
Ha TOPHYIO MOPOJY, HAXOIILYIOCS Ha TITyOHHE
I kM, MOXeT OBITh OIICHEHAa BEJIIMYUHOU
~23 MlIla. Torma npu THAPOCTATHIESCKOM 3HAYC-
HUU TOPOBOIO JABIEHUS, COOTBETCTBYIOIIEM
9Tol TiyOoune u paBHom 10 Mlla, ucxongnas
3 PEKTUBHOTO

BCIIMYHMHA BEPTUKAJIBHOI'O

HanpspKeHUs B iopoze Oyzaet paBHa ~13 MIla.
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Jns omeHkn BemwdIWHBI A()PEKTHBHOTO
OOKOBOI'O TOPHOI'O MABJIEHUS HA YKa3aHHOM,
OTHOCUTENBHO HeOompmoit (~1 kM wm
MEHbIIE), TNIyOMHE 3aJieraHusi MPOTYyKTHBHOTO
lacTa ¢ JOCTaTOYHOM i IPOBOAKUMOIO
aHamu3a TOYHOCTBIO MOKHO HCIIOJIB30BATh
¢dopmyiy, CIHEAyIOIIyI0 M3 TEOPHH YHPYroro
JaeOpMUPOBaHHS TOPHOW MOPOBI, COTIACHO
KOTOpOil 93Ta BenwunHa paBHa d(HOEKTHB-
HOMY BEpPTHUKaJbHOMY TOPHOMY IaBJICHHIO
¢ koddpdumuentom Vv/(1-v), tme v — Ko3p-
¢urmment IlyaccoHa, XapakTepHYIO BETHYHHY
KoToporo mnsi ropHod mopoxael (v = 0,1-0,4)
Opy AajdbHEHIINX OLEHKaX OyaeM NpHHUMATh
paBHoii 0,2. Torma B paccMaTpuUBaeMBbIX
ycinoBusix  3dekTuBHOE  OOKOBOE  TOpHOE
JaBJICHHE B MIPOLYKTHBHOM IIJIACTE MOXKET OBbITH
oneHeHo BeamumHOM ~3,5 MIla. Otmernm,
YTO Y4YeT NPOILECCOB MOJ3yYeCTH B TOPHOU
nopone [6] MPUBOAMT MPUMEPHO K TaKOH ke
OIIEHKE BeIMYWUHBI J(PPEKTHBHOTO OOKOBOTO
TOPHOTO [aBJIEHUS B NPOSYKTUBHOM ILIACTE
Ha rayoune ~1 kM.

[IpuMeHUTENPHO K  paclpelelCHUI0
HaIpPSDKEHUH B NPUCTBOJIBHOW 30HE CKBAYKHHBI
Opd  HYJEBOM  3HAa4eHUH  3PQPEKTHBHOTO
palualbHOTO HANpPSOHKEHHS Ha €€ CTEHKeE,
COIJIACHO W3BECTHOMY B TEOpHUH YNPYTOCTH
pemenuto  3amaun  Jlame,  CKuUMaromue
yrioBble (h(DEKTHBHBIE HANPSHKEHUS G, OYayT
pPaBHbI YIBOEGHHOMY 3HA4YeHHIO 3()(EeKTUBHBIX
CKMMAIoOIUX OOKOBBIX HANpSDKEHUH B IUIACTE,
T.€. B paccMaTpUBaeMOM CIllyyae HWCXOJHbIE,
JO Hayaja Mpolecca 3aKayKd rasa, YIJOBbIE
CKHMAIOIIME HaNpsDKEHHS G, Ha CTEHKE
CKBaXUHBI OyayT paBHbI ~7 MI]a.

Kak mokazano B pabore [7], mpm
NOBBIILICHUN THUAPOJUHAMHUYECKOTO JaBIICHHS
B CTBOJIE CKB&KMHBI Ha BeauuuHy AP
Ha wucxomHble 3(p(deKTHBHBIE CXKUMAIOIINE
VIJIOBbIE HAMpPSDKEHHsSI Ha CTEHKE CKBAKUHBI
OyAyT HaKJIaAbIBATHCSl PACTATMBAIOIINE HArpsi-
xkeHus, paBHele AP/(1—v). Ecmu npussTh
BEJIMYMHY Tepenaia naBiieHus AP mpu 3akadke

raza B [IXI" paBuHoii ~18 Mlla, TO
mpu v = 0,2 yKa3zaHHBIE paCTATUBAIOIINE
COCTaBJIAIONINE 3¢ PEKTUBHBIX YTJIOBBIX
HanpspkeHuit Oynyt paBusl ~22,5 MIla. Orciona
clenyeT, 4uYTo B CyMME C  HCXOAHBIMHU
CKMMAIOIIMMH  YIVIOBBIMH  HAIPSDKCHUSIMH,
paBHBIMU 7 MllIa, pe3yIbTUPYIOLINE
3G PEeKTUBHBIE PACTATHBAIONINE HAMPSHKEHHS
Ha CTEHKE CKBA)XHMHBI B IEPHOJ 3aKauKH TIasa
Oyanyt paBHbl ~15,5 MIla, 9t0 mocraToyHO
JULS o0Opa3zoBaHus TpEIrH pa3pbiBa
B BBICOKOIIOPUCTOM MOPOJIE MIacTa.

Kakx oTmedanocs BhIIIE, B HaYaJbHBIN
nepuon 3akauku raza B IIXI, mpu wmamom
paauyce R’ BOpPOHKM pENpeccHud BeIHMYMHA
BEPTUKAIBHOTO CMEIeHHS O TPOIYKTHBHOTO
mracta Omm3ka k Hymo (cMm. puc. 1), T.e.
OnmM3Kka K HYII0O W BeIUYMHA H3MEHEHHUS
UCXOAHOTO  3((EKTUBHOTO  BEPTHUKAILHOIO
CXKUMAIOIIEr0  HAaINpsDKEHUS  G:,  PaBHOIO
B paccMaTpuBaeMbIx ychoBusix ~13  Mlla.
CpaBHUTENbHBII aHAIW3 BEJIIMYUH, PaBHbBIX
MOJypPa3HOCTH  HOPMAJBHBIX  HANPSKEHHUH
Ha CTEHKE CKBaKMHBI (CM. pHC. 2), TTIOKa3bIBAET,
YTO B HAyalbHBIM TEpUOJ 3aKauyku Tasa
B [IXI' MakcuManpHBIM 10 BeNHYUHE OyAeT
HanpspKEHUE CIIBUTa, BEJIMYMHA KOTOPOro OyaeT

OIIPEACIIATHECA BBIPAKCHHUEM

(6:— Go)/2 = [13 — (~15,5)] / 2 = 14 MITa.

(B mpuBenennoit ¢dopmyie ydTeHO, UTO
CKUMAIOIME G; W  pacTArMBAIOIUE Gy
HanpsDKEHUS] UMEIOT Pa3HbIE 3HAKH).

IIpuBeneHHBIE OIEHKM MOKAa3bIBAIOT, YTO
B ycloBMsX, xapakrepHbix g [IXT
B BBICOKOIIOPHUCTBIX IOPOJAax, IPH YKa3aHHOM
BBIIIE 3HAYECHWHM JABJICHHUS 3aKayKd Trasa
B HayaJbHBIM TIEPUOJT 3aKaYKW Ha CTEHKax
CKBa)XXUHBI PA3BUBAKOTCS HAIPSDKEHUS CJIIBUIa,
nocturaromue ~14 Mlla (~140 arm), dro
IIPEBBIIIAET IIPOYHOCTh HA CIBUI, XapaKTEPHYIO
Ui OOJBIIMHCTBA BBICOKOIOPHUCTHIX IOPOJ-
KOJUIEKTOPOB.
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IIppy 3TOM BaXHO OTMETHTH, YTO
5T  pa3pylIalolie  HANmpsDKEHUS — CIOBUTA
00yCTIOBJICHBl pa3HHLICH HAMPSKEHUH O: U G
W, CIIEAOBATENbHO, ACHCTBYIOT B IUIOCKOCTSX,
OPUCHTUPOBAHHBIX MPUMEPHO MOA yriom 45°
K HOpMaJIH K I1acTy (CM. puc. 2).

OTcroga  MOXHO  3aKJIIOYWUTh,  YTO
B HauyallbHbIA mepuoj 3akaukd raza B IIXT
B Tpu3a0OMHONW 30HE CKBWKHHBI KpOME
TpPEemuH pa3pbiBa OyAyT OOpa3OBBIBATHCS U
TPEUIMHBl  CABHra C  yIJIOM  HakKJIoHa
K HOpManmd K Tuacty, Omm3kum kK 45°.
IIpy >TOM CYLIECTBEHHO, YTO, B OTJIAYUE
OT BCPTUKAJIBHO OPHUCHTUPOBAHHLIX TPCIIHNH
B mopone, B TaKUuX HAKJIOHHBIX
IUIOCKOCTAX MpHU AaJbHEHIIEH 3KCIUTyaTaluu
[IXI"  Oynmyt

HalpsOKECHUA CBHTIA,

[IOCTOSIHHO ~ CYIIECTBOBATH
00yCIIOBIICHHBIC
pPasHOCTBIO  BEPTHKAIBHOTO U OOKOBOTO
TOPHBIX JTaBJICHUH. Orcrona Clenyer,
YTO TMpPU CHIDKEHUH IUIACTOBOTO JIABJICHUA
npu skciryaranuu  [IXT, T1.e. mpu ysemu-
YeHWH OJTHX HalpsDKeHWH caBura, Oyner
NPOMCXOANTH HENPEPHIBHOE CMELIEHHE Oepero
TaKHUX HAKJIOHHBIX TPEIIUH OTHOCUTEIIBHO
ApYT ApyTa.

CMemeHre TNOpOAbl  BAOJAb  TPEIIMH
CABUTa U OOYCIIOBIEHHOE 3THM YBEIUYEHHE
JUIMHBI HAaKJIOHHBIX TPEIIMH B NPU3a0OWHOM
30H€ CKBaXMHbl npu oskciutyatanuu [IXT,
C OJHOM CTOpPOHBI, TOJOKUTEIBHO BIIUSET
Ha (QUIBTPALIMOHHYIO IPOBOJMMOCTb 3TOU
30HBl, HO, C JpYyroil CTOPOHBI, CMELIECHHUE
MOpPOJBI BMAOJIb CXAThIX HAKJIOHHBIX TPEUINH
COIIPOBOXK/IAETCA HCTHpaHHEM OeperoB 3STHX
TpeIrH "

mpoucccomMm IIOCTOSAHHOTO

00pa3oBaHMsi ~ MHKPOYACTHII  pa3pylIeHHOMN
MOpPOJbl, BBIHOCHMBIX B CTBOJ CKBaKHHBI
npu skcrryaranun [IXI, gto mpu OombImux
o0Bemax BBIHOCUMBIX YaCcTHI] (mecka)
ABJISIETCSl TIPOOJIEMOM, OCJIOXKHSIOIIEH mpolece

skciuryaTanmu XTI

Pe3ynbTaTtbl

Ha  ocHOBaHMM  pe3ynbTatoB  Ipo-
BEJICHHOTO aHaln3a MOXET OBITh
MPEIIOKEH CICIYIOIIUN Coco0, CYIIeCTBEHHO
CHIDKAIOIUNA HMHTEHCUBHOCTH  Pa3pylIAIONINX
HampsOUKEHUM,  pa3BUBAIOIIUXCS B MOPOJE
Ha  HaYaIbHOM  CTaauH
B IIXT™.

Kak ObIO MOKa3aHO BHINIE, C POCTOM

3aKa4YKnu rasa

a¢dhexTrBHOTO paanyca R BOPOHKH PENPECCHH

IMPOUCXOOUT YBCINYCHUC BCPTUKAJIILHOT'O

CMEIICHUS o IIOPOJBI Ha rpa”uIe
MPOAYKTUBHOTO IIIaCTa C €ro KpoBJIeH U 3TO
O3Ha4acrT, 4qTo B MMPOAYKTHBHOM IJ1acTeC
Npd 3TOM BO3pAcTaeT BKIAJA PaCTITHBAIOIIUX
COCTABJISIIOIINX, OOYCJIOBJICHHBIX JCHCTBHEM
MOBBIILICHHOTO IUIACTOBOTO JABJICHUS B IPH-
3a00HON 30HE CKBAXHWHBI, B BEIHYHUHY
3¢ (EeKTUBHOTO BEPTHKAIEHOTO HATPSKEHUS O:.
Orcrona ciemyer, 4To IpU poCTe paauyca
BOPOHKH PENpPECCHU, BO-TIEPBBIX, CHWKAECTCS
JIaBJICHUE HAa KPOBIIO IIACTa B MPUCTBOJIBHON
30HE CKBaXHMHBI U, COOTBETCTBEHHO, CHUKACTCS
BEJIMYMHA HaNpsDKEHUH cIOBUra B OKPECTHOCTU
oOcanHbIX TpyO B KpoBie Iuiacta. Bo-BTOphIX,
Opd 3TOM IPOUCXOJIUT CHIKEHHE Pa3HOCTU
MEXIY BEpTHKAJbHBIMH O©: W  YIJOBBIMHU
HalpsOKECHUAMU Oy Ha CTCHKAaX CKBa)XHHBI,
T. €. IMPOUCXOaUT CHHKCHHEC BCJIMYHHBI
pa3pylIalONIMX HANpsSXKEHUM CIBUTAa Ha 3TUX
cTeHKax. TakuM  o0pa3oM,  yBeln4eHHE
C TeuyeHHeM BpeMeHH 3((EeKTUBHOIO paanyca
BOPOHKH PENpPEeCcCHd TPHBOAUT K CHHIKEHHIO
M30BITOYHBIX  HANpPSOKEHWH ~ COBUra  Kak
B KpOBJIE IUIacTa, TaKk M B Npu3a0OiHON 30HE

CKBaA’>XHHBI.

4 Ceanoe A.M. Tlar. RU 2820904 Cl1. Cmocob
CHIDKEHHSI YPOBHS Pa3pyIIAOIIAX HAMPSDKCHHH B
pU3a00HHBIX 30Hax CKBaXWH ITOA3E€MHBIX
xpanwui raza. Ne 2023126638; 3assn. 10.11.2023;
Ony6n. 11.06.2024 // W3o6perenus. Ilone3znsie
moxenau. 2024. bron. Ne 17. 11 c.

105



AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025

http://oilgasjournal.ru

Orcroga  MOXHO  3aKJIIOYHUTh,  YTO
eclli  TpuW  3aKayke ~Traa B IUIACT
BEIMYMHY  JIaBICHUS  3aKauykd  IOBBIIATH
MOATAMHO, C JIUTEIBHOCTBIO KaKIOTO JTama,
oOecrieynBaronieil yBenuueHue 3PPEKTHBHOTO
pamuyca BOPOHKH PENPECCHH 10 HEKOTOPOTrO
ONTUMANLHOTO  pa3Mepa, MpU  KOTOPOM
OyZeT MOCTHraTbCs MaKCHMAlIbHOE CHYDKCHHE
W30BITOYHBIX ~ HANpsHKEHWH B TIOPOJE,
TO TP JOCTHXKCHHU CYMMapHOTO IO BCEM
JTamaM JaBlICHUs 3aKauKd pe3yJIbTUPYIOLIast
BEJIMUMHA HANpsSOKEHWM caBUra B MOPOJE
Ooyner CYILIECTBEHHO MEHBIIICH, 4em

B ciryuae OJTHOKPAaTHOTO MOBBIIICHUS
JTaBJICHHA 3aKaYKU 10 MaKCHMaJbHON KOHEYHOMN
BEJTMYMHBL.

[Ipy 5TOM ONTUMAJIBHBIM  pPa3MEpPOM
paayca BOPOHKH PEHPECCHH CIIEAYeT CUHTATh
pamuyc, mpH KOTOPOM MpOIECC 3aKadKd Trasa
BBIXOJUT Ha YCTAaHOBHUBIIHWICS pPEXHM M MpU
KOTOPOM  HE  NPOHMCXOAUT  JalbHEHIIEro
CYLIECTBEHHOTO  HM3MEHEHHsI  HAaIPSHKEHHO-
ne(OpMHPOBAHHOTO COCTOSIHUS  TIPH3a00iTHOM
30HBI CKBaKMHBL. HeoOXoaMMO OTMETHTH, YTO
TEOPEeTHYEeCKH  BBIXOA  Ipolecca  3aKauyKd
(orbopa) Ta3a Ha YCTAaHOBUBIIMICS PEXHUM
INPOUCXOJUT 33 OECKOHEYHOE BpeMs, HO
Ha TPaKkTUKE 3a BpeMs  YCTaHOBIICHHS
CTallMOHAPHOTO PEXUMa PaOOThI CKBaKHHBI
NPUHUMAIOT BpEMsl BBIXOJIa 3aKOHAa pPOCTa
pamuyca BOPOHKM pENpeccHd Ha JIOCTATOYHO
MEUICHHYIO JIOTapU(PMUYECKYI0 3aBHCUMOCTh

OT BpEMCHHU, IpHU KOTOpOﬁ IIOKa3aTejin 3aKa4KH

Bknap aBTopa

(oTbopa) Taza W3 IUIacTa  IPAKTHYCCKH
MepPecTaoT 3HAYUMBIM 00pa3oM H3MEHSTHCA
B TEYCHHE  MPOAODKUTEIBLHOTO  BpPEMEHHU
[8-10]. Bpems Bbixoma pabOTBI CKBa)KHHBI
Ha TaKoi CTallMOHAPHBIA (KBa3HUCTAlMOHAPHBIN
B CTPOTOM CMBICIIE) PEKUM, Pa3HOE Ha KaXKIOM
koHkpetHoM [IXI', mpakTHUYeCKH  MOXET
OBITh OIPENENIeHO IO MaHHBIM AKCIUTyaTaluu
kaxaoro IIXT'.

BbiBOAbI
Takum o00pa3oM, NpW TPOMBITILIEHHON
(ITIKITHIECKOM) SKCILTyaTalix IIXT
HEOOXOJMMO  TPOBOAWTH  JOTOTHUTEIHHYIO
KOPPEKTUPOBKY

PEKUMOB 9KCIUTyaTaluu

ra3oBbIX CKBa)XUH JUIS [IOBBILIECHUS
YCTOMUMBOCTH TpU3aboiHBIX 30H. Jlomod-
HUTEJIbHAS

KOPPEKTHUPOBKA  MPOU3BOIUTCS

Ha  OCHOBE  pErVIaMEHTHBIX  Ta30TUApO-
JUHAMUYECKUX  HCCIEIOBAaHHUM U COCTOMT
B TOM, YTO CTaJIMIO 3aKayK{ ra3a B IOA3EMHOE
XpaHWIUILE pPa3OMBarOT, 1O MEHbIICH Mepe,
Ha JIBa JTama MW JJIUTENBHOCTH KaXKIOro
dTama  BBIOMPAIOT  TPEBBIIAIOMIEH  BpeMs
BBIX0/1a polecca 3aKauKu rasa
Ha (KBa31)yCTaHOBHUBIIHUICS PEXUM.
[Ipumenenue  omucaHHOrO  crocofa
MO3BOJISIET  MOBBICUTH  YCTOWYMBOCTH  TpH-
3a00ifHbIX 30H ckBaxkuH [IXI' k paspymienwuro,
NPEJOTBPAaTUTh IMOTEPU ra3a uepe3 3aTpyoOHoe
NPOCTPAHCTBO CKBAXHH, a TaKKe CHHU3UTH
0o0BeMbl ~ TecKa, BBIHOCUMOIO B CTBOJI

CKBa’>XHH IIOTOKOM Ta3sa.

AM. CsajoB — (QopMyJIMpOBKa HICH M Ie/icl HCCIIeOBaHusA; pa3paboTKa METOIOJOTHH H

OTACIIBHBIX METOJAO0B; IIPOBEPKA PE3YJIbTATOB UCCIICAOBAHUA U €TI0 YaCTU, IPUMECHCHUE CTATUCTUYCCKUX,

MAaTEMAaTUYCCKNUX, BBIYHUCIUTCIBHBIX METOAOB; IMPOBEIACHUEC OJKCICPUMEHTOB M C60p I/IH(l)OpMaHI/II/I;

HalmMCaHUu€ KOMMCHTApPUEB U PCAAKTUPOBAHUE.

KoHdnukT nHTepecos

ABTOp 3asABIISIET 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTCPECOB.
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Geomechanical analysis of the process of destruction of
the bottomhole zones and annular space of wells during
the operation of underground gas storage facilities

Aleksandr M. Svalov 4
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. The paper analyzes the geomechanical processes that cause the destruction of
the bottomhole zones of wells and their annular space during the operation of underground gas storage
facilities. The destruction of rock in the bottomhole zones of wells leads to the intensive removal of
particles of destroyed rock (sand) into the wellbore and further to its mouth, reducing well productivity
and leading to intensive wear of well equipment. The destruction of cement stone in the annular space
of the well leads to its depressurization, gas ingress into the upstream permeable layers and to the
Earth’s surface, which, in addition to the loss of hydrocarbon raw materials, can lead to environmental
problems. Objective. To analyze the mechanisms of rock destruction during gas injection into
underground gas storage facilities and develop approaches to reducing the intensity of such destruction.
Materials and methods. The work uses methods of mathematical modeling of the stress-strain state of
rocks. Results. It is shown that the processes of rock destruction occur most intensively during the
period of gas injection into underground gas storage facilities, characterized by extremely high values of
reservoir pressure in the bottomhole zone of the well. The growth of reservoir pressure initiates the
process of development of destructive stresses in the rock and in the cement stone in the annulus of the
well, as a result of which there is a loss of adhesion of the cement stone to the rock and the
development of cracking processes in the vicinity of the uncased part of the wellbore, which is a
prerequisite for intensive sand removal during further operation of the well. Conclusions. It is
established that in order to reduce the intensity of excess destructive stresses in the rock and cement
stone, it is advisable to gradually increase the gas injection pressure into the storage facility, with the
duration of each stage determined by the time it takes for the injection process to reach a quasi-
stationary mode. It is shown that installing a cemented spring centralizer in the roof above the
productive formation during well construction during the operation of underground gas storage facilities
will also contribute to a significant reduction in the intensity of destructive stresses in its near-wellbore
zone.

Keywords: underground gas storage facilities, annular tightness, gas leaks, bottomhole zone
destruction, sand removal
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Identification of relevant research topics based on pooled
bibliometric data of the International Journal of Hydrogen Energy
publications for 2022-2024 from The Lens and ScienceDirect
platforms

Boris N. Chigarev P4
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Abstract. Background. Hydrogen is given the role of a clean energy carrier in the energy transition.
Objective. To identify relevant research topics based on pooled bibliometric data of the International
Journal of Hydrogen Energy publications from 2022-2024, collected from The Lens and ScienceDirect
platforms. Materials and methods. 10,928 bibliometric records were exported from The Lens database
and 10,857 records were exported from ScienceDirect. Keywords clustering and visual data analysis
were performed using the following programs and algorithms: VOSviewer, Scimago Graphica, Inkscape,
FP-growth utility. Results. The study showed the feasibility of merging bibliometric records from the
open platforms ScienceDirect and The Lens, which complement each other. The “Fields of Study” data of
The Lens was interpreted as system keywords similar to Scopus Index Keywords. The possibility of using
“Fields of Study” data in a method similar to bibliographic coupling is shown. The practicality of using an
alluvial diagram to show the co-occurrence of the four terms was demonstrated. The study also
emphasizes the advisability of joint use of VOSviewer and Scimago Graphica programs for complex
visualization of bibliometric analysis results. The study identified two dominant publication topics in
the International Journal of Hydrogen Energy for 2022-2024, which can be described in terms of:
“Catalysis, Hydrogen, Physical chemistry, Chemical engineering, Nanotechnology, Electrochemistry,
Organic chemistry, Materials science” and “Electrical engineering, Hydrogen production, Renewable
energy, Environmental science, Hydrogen economy, Hydrogen, Engineering”. Conclusions. Joint use of
metadata of different open abstract databases allows to compensate partial representation of their
data.

Keywords: International Journal of Hydrogen Energy, The Lens, ScienceDirect, VOSviewer, Scimago
Graphica, FP-growth
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Introduction

Motivation for the study

The lack of access to subscription abstract
databases forces to turn to open access
databases. The main issue with such databases is
the incomplete coverage of bibliometric data
compared to subscription databases. In this
study, the author seeks a solution to this problem
by combining data from several open access

databases.

Objectives

The main objective of this study was to
explore the possibility of joint utilization of
bibliometric data from different open access
abstract databases to merge data to mutually
enrich missing fields in platform-specific data.

The secondary objective was to apply the
aforementioned approach to identify relevant
research topics based on pooled bibliometric
data of the International Journal of Hydrogen
Energy publications from 2022-2024 harvested
from The Lens and ScienceDirect platforms.

Identification of publications on

bibliometric analysis of metadata of

the International Journal of Hydrogen

Energy
In this section of the review, only
publications with metadata in the ScienceDirect

abstract database were considered; a detailed

overview of other platforms was beyond the
scope of this article. The aim was to identify
typical bibliometric studies on topics related to
hydrogen energy and to try to find articles that
used aggregation of fields of bibliometric
It
should be emphasized that such a task is relevant

records from different abstract databases.
when using abstract databases with open access,
in subscription databases such a task is not
actual, as it is solved by the forces of such
platforms.

A query to ScienceDirect: (bibliometric
OR scientometric) AND “International Journal
of Hydrogen Energy” in the fields “Title,
abstract or author-specified keywords” returned
These include the number of
publications by year: 2024 (6), 2023 (2),
2022 (4), 2021 (1), 2019 (1), 2016 (1), 2000 (1),
the number of publications by type: Review

16 results.

articles (8), Research articles (7), Book
chapters (1). This means that review articles
dominate. Nine of these publications

have been posted in the International Journal of
Hydrogen Energy itself. The search results
from
ScienceDirect RIS
format with T1, PY, KW fields corresponding to
title, year; keywords fields are presented in
the table.

are summarized in Table 1. Records

were  exported in

Table 1. Sixteen publications matching the ScienceDirect query: (bibliometric OR scientometric) AND
“International Journal of Hydrogen Energy” in the fields “Title, abstract or author-specified keywords”

Tabn. 1. lectHaauaTb nybanKauuii, oTeevatowmx 3anpocy B ScienceDirect: (bibliometric OR scientometric)
AND “International Journal of Hydrogen Energy” no nonsm “Title, abstract or author-specified keywords”

opportunities, and prospects

Title Year Keywords
1 2 3
Photosynthetic green hydrogen: Advances, challenges, | 2024 | Green hydrogen; Photosynthetic production;

Algae; Bibliometric analysis

Research on nickel-based catalysts for carbon dioxide
methanation combined with literature measurement

2022

Methane; Catalyst; Hydrogen;
Carbon dioxide; Nickel

Bibliometrical analysis of hydrogen storage

2019

Hydrogen storage; Bibliometrics; Visualization;
Situation analysis
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Table 1 continued
MpogonkeHue Tabn. 1

in heat and mass transfer and its management of
proton exchange membrane fuel cells

1 2 3
Bibliometric analysis of the research on hydrogen 2022 |Hydrogen economy; Literature review;
economy: An analysis of current findings and roadmap Hydrogen roadmap; Bibliometrics; Visualisation
ahead
Recent advancement in water electrolysis for hydrogen | 2024 | Water electrolysis; Hydrogen production; Energy;
production: A comprehensive bibliometric analysis and Bibliometric; Green energy
technology updates
Hydrogen-fuelled internal combustion engines - 2024 | Ammonia; Hydrogen; Injection strategy;
Bibliometric analysis on research trends, hotspots, and Machine learning; Optimisation; Review
challenges
Mapping the knowledge domains of new energy 2021 | New energy vehicle (NEV); Safety;
vehicle safety: Informetrics analysis-based studies Research hotspot; Bibliometrics;

Mapping knowledge domains

Sustainability and challenges in hydrogen production: |2023 | Hydrogen production; Feedstocks;
An advanced bibliometric analysis Research articles; Bibliometric analysis
Chapter 558 — Research activities in renewable energy | 2000
in European countries, 1992—-1998: A scientometric -
analysis
A bibliometric study on research trends in hydrogen 2022 |Hydrogen safety; Bibliometric analysis;
safety Knowledge structure; Visualisation
Progress in the production of hydrogen energy from 2022 |Bibliometric analysis; Food waste;
food waste: A bibliometric analysis Hydrogen energy; Research trends; Sustainability
Mapping the research on the spontaneous combustion | 2024 | High-pressure hydrogen; Spontaneous combustion;
of high-pressure hydrogen leakage: A bibliometric Research hotspots; Knowledge base;
analysis Bibliometrics analysis
An advanced bibliometric analysis and future research |2024 | Safety of hydrogen energy; Bibliometrics analysis;
insights on safety of hydrogen energy Visualization; Situation analysis
Chinese energy and fuels research priorities and trend: | 2016 | Energy & fuels; Bibliometric; Bubble chart;
A bibliometric analysis Keyword analysis; Science Citation Index Expanded
Hydrogen energy storage integrated grid: A 2024 |Hydrogen energy storage; Grid-connected;
bibliometric analysis for sustainable energy production Highly-cited article; Sustainable production; Energy
Bibliometric analysis for research trends and hotspots | 2023 | Proton exchange membrane fuel cell; Heat and

mass transfer; Water and heat management;
Mapping Knowledge Domain; VOSviewer

Given the small number of articles and the
quality of the journals in which they are
published, they are easy to find by title and date
The it
inexpedient to cite them in the reference list,

of publication. author considers
since the current fashion for excessive citation
leads to artificial citation boost.

The different of the

terms “Bibliometric analysis”, “Bibliometrics”,

combinations

“Bibliometric”, “Bibliometrics analysis” occur
11 times, indicating the relevance of the topic at

hand. “Visualisation” and ‘“Visualization” are

occurring 4 times and reflect the actuality of
data analysis visualization. Among the most
common terms related to hydrogen theme
are  “Energy”, “Hydrogen”, “Hydrogen
production”, “Situation analysis”. The term
“Situation analysis” is linked to the keywords
“Hydrogen storage” and “Safety of hydrogen
energy”, which may indicate the relevance of
the topic of safe hydrogen storage, especially
since the terms “Spontaneous combustion”,
“Safety”, in the

keywords.

“Hydrogen safety” occur
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Examples of publications that best reflect
this topic.

This paper [1] analyzes 8,283 hydrogen
safety research papers from 1992 to 2022,
revealing a growing prominence in the field.
China ranks first with 2,414 publications, while
the United States, Germany and China have
extensive international collaboration. The
International Journal of Hydrogen Energy has
the highest publication count. Research hotspots
include storage safety, combustion and
explosion safety, self-ignition, and
embrittlement. However, understanding
hydrogen autoignition mechanisms is limited,
and further research is needed on prevention and
control measures.

Hydrogen is crucial for addressing the
greenhouse effect and energy crisis, as a clean
fuel and storable energy carrier. Issues like
hydrogen embrittlement, fire and explosion are
of interest to researchers. The article [2]
provides a knowledge structure of hydrogen
safety publications from 1957 to 2021, with the
USA having the most publications. The hot
terms in hydrogen safety research are storage
and detection, combustion and explosion, and
ignition and propagation.

Publications that reflect bibliometric
analysis methods of the topic under
consideration.

The analysis of 1,275 articles published
over the past five decades provides insights into
research trends in the hydrogen economy [3].
The study found that the literature on the
hydrogen economy has been increasing,
particularly from 2016 to 2020. The
International Journal of Hydrogen Energy
contributes 40% of the overall publications. The
analysis shows that the study on the hydrogen
economy mostly deals with multidisciplinary
aspects like hydrogen production, storage,
transportation, application, and public policy
formulation.

The research on heat and mass transfer in
proton exchange membrane fuel cells (PEMFCs)
has been growing rapidly since 2000 [4]. The
field has gained significant attention in China,
the United States and Canada, with high-quality
publications from Canada. The Journal of Power
Sources is the authoritative journal in this field.
The field is divided into three stages: exploring
gas-liquid two-phase flow characteristics,
developing PEMFC heat and mass transfer and
management, and optimizing water and heat
management.

No articles were found that analyzed only
the International Journal of Hydrogen Energy
topics.

Bibliometric studies using a combination

of metadata from different open

referencing platforms

Below is a list of papers that share data
from ScienceDirect AND The Lens platforms,
presented in the format: paper reference —
citation, consisting of a sentence taken from the
abstract and containing the specified terms:

— Paper [5]: “Scopus, The Lens,
PubMed, ScienceDirect and Microsoft academic
were electronically searched. Peer-reviewed
papers using sensors in post-stroke rehabilitation
were included, for the period between 2015 to
August 20217

— Paper [6]: “The search was conducted
from January to July 2022, the descriptors used
were ‘ADHD AND Physiotherapy’ being
performed on the World Intellectual Property
Organization (WIPO) patent database and
articles and abstracts: Scopus Web of Science,
PubMed, The Lens and ScienceDirect”.

— Paper [7]: “Methodology: a systematic
review of articles in the databases Web of
Science, dimensions, Scopus, ScienceDirect,
Clinical Key, and The Lens was carried out
between August 2022 — January 2023,
identifying 150 records and through a selection
process, 12 were included”.
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— Paper [8]: “The technological search
was carried out in the patent databases of
Espacenet, Patentscope, Scopus, ScienceDirect,
Google Patents, The Lens ORG, and USPTO
from 2000 to 2021

— Paper [9]: “A search of ACM Digital
Library, Cochrane Library, DARE,
EBSCOHost, Medline, ProQuest, PubMed,
ScienceDirect, Scopus and Web of Science
produced 8,391 results”.

— Paper [10]: “This paper followed a
systematic literature review of journal articles
extracted from SCOPUS, Web of Science,
ScienceDirect, and EBSCOhost electronic
databases”.

— Paper [11]: “This research uses
relevant Literature review which is reviewed
following the search from 3 databases. They are
ProQuest, ScienceDirect, and Google Scholar”.
The above publications can be categorized as
systematic reviews.

There are publications comparing open
abstract databases and subscription databases:

— Paper [12]: “The findings demonstrate
that non-selective databases (Dimensions,
OpenAlex, Scilit, and The Lens) index a greater
amount of retracted literature than do databases
that rely their indexation on venue selection
(PubMed, Scopus, and WoS)”.

— Paper [13]: “Conversely, third-party
databases (Dimensions, OpenAlex, Scilit, and
The Lens) have more metadata quality and a
higher completeness rate”.

— Paper [14]: “This study analyses the
coverage of seven free-access bibliographic
databases (CrossRef, Dimensions — non-
subscription version, Google Scholar, The Lens,
Microsoft Academic, Scilit, and Semantic
Scholar) to identify the potential reasons that
might cause the exclusion of scholarly
documents and how they could influence

coverage”.

— Paper [15]: “This communication
aims to analyse the information that a large
set of free-access databases (i.e., CrossRef,
Dimensions, Microsoft Academic, OpenAlex,
Scholar, = The Lens)
provides about indexed publications in their

Scilit, Semantic

databases”.

Summary conclusions from the literature
review:

1. The most common references to free-
access abstract databases are either systematic
reviews or articles discussing comparative
analysis of metadata populations. No
publications were found in which fields from
different databases were merged to improve the
completeness of metadata.

2. The above publications may be of
interest for systematic reviews because they not
only list the most frequently used open access
abstract databases, but also analyze the
characteristics of their metadata.

Materials and methods

Data source

The data wused in this paper were
bibliometric records exported from The Lens
and ScienceDirect platforms, which meet the
following requirements:

— Source Title: International Journal of
Hydrogen Energy;

— Publication Year: 2022-2024;

— The data are current as of 20 July
2024.

10,928 bibliometric records in CSV
format were exported from The Lens database
and 10,857 records in RIS format from
ScienceDirect.

A comparison of DOI records yielded
10,551 matches. The difference is explained by
the fact that the data exported from
The Lens includes publications such as Short
Communication and Letter to the Editor.
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Programs and utilities

VOSviewer [16] was used to plot the
keyword co-occurrence network and prepare a
JSON file for
app.vosviewer.com. The supplementary
materials for this article (a ZIP archive) include
JSON files that can be uploaded to this service
for independent use'.

visualization on

Scimago Graphica [17] was used to
construct the alluvial diagram and visualization
of the co-occurrence network in coordinates
Avg. pub. year (Average publication year) and
Avg. norm. citations (Average normalized
citations), as they are used in the VOSviewer
program. Files of charts obtained using Scimago
Graphica in SVG and interactive HTML formats
are included in the attached archive.

Inkscape® was used for SVG files editing,
for example, to correct the placement of the
labels.

FP-growth (Frequent Pattern Growth
algorithm) by Christian Borgelt [18] was used
for the estimation of the co-occurrence of
keywords.

Results and discussions

The subject matter of the journal’s
publications can be described by the
systematization of the author keywords of
individual articles. In The Lens platform data,
the keywords field for this journal was empty.
Therefore, the values were taken from the RIS
records exported from ScienceDirect. On the
other hand, the ScienceDirect records do not
contain information about citations of
publications. Therefore, they were taken from
The Lens records. It should be emphasized that

! Supplementary materials for this article are
available via Figshare:
https://doi.org/10.6084/m9.figshare.28468313.v1

2 Inkscape: A free and open-source vector graphics
editor. URL: https://inkscape.org (accessed

5 August 2024).

in this case the citation rate is based on
information from a specific database, The Lens,
and will differ from a citation rate based on data
from another database, such as Scopus.

Author keywords clustering

Clustering of the author keywords was
performed using VOSviewer software. Two
iterations were performed: the first time the file
my_thesaurus_terms.txt was built to bring some
terms to a common form; this file was used in
the second iteration.

The 500 keywords with the highest total
link strength were clustered. The default output
produced ten clusters, but the tenth cluster
contained only one term — “carbon materials”, so
the minimum number of terms per cluster was
increased to two, yielding nine clusters. Fig. 1
shows the general view of the author keyword
clustering.

The data presented in Fig. 1 can be
viewed in  more detail wusing the
AuthorKeywords-top500.json file located in
the archive attached to this article by
opening it in the online application
https://app.vosviewer.com/.

Here are some findings that characterize
the landscape of keyword distribution:

— Ten author keywords most frequently
appearing in new publications: wind, sustainable
energy, cushion gas, hydrogen supply chain,
solar-to-hydrogen efficiency, techno-economic
assessment, energy transition, flow field,
electrochemical impedance spectroscopy, Tafel
slope.

— Ten author keywords more frequently
occurring in publications with high citations:
clean energy, carbon capture, combined heat and
power,  bibliometric  analysis,  hydrogen
economy, hybrid renewable energy system, s-
scheme, sustainable development, cost, energy
management system. As can be seen from this
list, the term ‘“bibliometric analysis” is often
found in publications with high citation rates.
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Fig. 1. Nine clusters of author keywords formed on the basis of their co-occurrence

Puc. 1. leBATb KNacTepoB aBTOPCKUX K/IOYEBbIX C/10B,
chPOPMMPOBAHHBIX HA OCHOBE MX COBMECTHOM BCTPEYaemMoCTu

— Ten author keywords most frequently
occurring in all publications: hydrogen,
hydrogen  production, hydrogen storage,
hydrogen evolution reaction, oxygen evolution
reaction, electrocatalyst, water splitting, fuel
cell, oxygen reduction reaction, solid oxide fuel
cell. These terms reflect well the dominant
theme of the journal.

Clustering of the “Fields of Study” terms

As noted earlier, the terms “Fields of
Study” can be considered as an analog of Index
keywords in Scopus and used to describe the
topics of publications.

Fig. 2 shows a similar picture to Fig. 1 but
postulated for the “Fields of Study” terms.

The author keywords are more diverse
(23,215 all terms; 1,390 meet >=5) than “Fields
of Study” (5,152; 1,794 meet >=5), but due to
their standardization, terms from ‘“Fields of
Study” are more often exceeding the threshold
of five terms.

Here are some data characterizing the
distribution of field terms “Fields of Study”:

— Ten author keywords most frequently
appearing in new publications: mechanism
(biology), literature, dual (grammatical number),
reduction (mathematics), scale (ratio), art,
oxygen reduction, macroeconomics, production
(economics), plasma.

— Ten author keywords more frequently
occurring in publications with high citations:
hydrogen technologies, hydrogen economy,
software deployment, sustainability, energy
carrier, greenhouse gas, climate change, fossil
fuel, natural resource economics, risk analysis
(engineering).

— Ten author keywords most frequently
occurring in all publications: chemistry,
materials  science, engineering,  organic
chemistry, chemical engineering, hydrogen,
catalysis, chemistry,

physics,  physical

electrode.
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Fig. 2. Eight clusters of “Fields of Study” terms formed on the basis of their co-occurrence

Puc. 2. Bocemb Knactepos TepmuHoB “Fields of Study”,
chOpMMPOBaAHHBIX Ha OCHOBE MX COBMECTHOW BCTPEYaeMOCTH

The five most frequently occurring terms
and the five most cited terms (the most cited
term is identified by the citations of publications
in which it appears) in the four largest clusters —
green, red, khaki and purple:

1. Green cluster: materials science,
chemical engineering, catalysis, physical
chemistry, electrode; charge carrier,
crystallinity, semiconductor, nanomaterials,
nanocomposite.

2. Red cluster: engineering,
environmental science, computer science,
quantum mechanics, electrical engineering;

hydrogen technologies, hydrogen economy,

software deployment, sustainability, energy

carrier.
3. Khaki cluster: chemistry, organic
chemistry, physics, thermodynamics,

combustion; hydrogen fuel enhancement, diesel
engine, thermal efficiency, diesel fuel, biodiesel.

4. Purple cluster: hydrogen, hydrogen
storage, adsorption, metal, alloy; ab initio,
photocatalytic ~ water  splitting, magnesium
hydride, Gibbs free energy, gravimetric analysis.

The selection of terms to build queries on
the task of the

include many terms linked by the OR operator,

researcher's interest can
but AND can rarely link more than 3—4 terms
acting as filters, so the selection of terms linked
by the AND operator requires more careful
reasoning.

To select terms connected by the AND
operator, it is useful to perform visualization of
terms in the form of a network based on their co-
Most

algorithms for visualization seek to provide a

occurrence. often, node placement
good “readability” of the figure, but this
approach is less informative than in the case of
displaying a network of terms in specific

coordinates.
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According to the personal experience of
the author of this article, such coordinates can
be Avg. pub. year and Avg. norm. citations, as
they are used in the VOSviewer program and
described in its manual®.

A similar visualization of the red
and green cluster data is shown in Fig. 3 and
Fig. 4.

The terms in each cluster were
additionally grouped using an algorithm built
into the Scimago Graphica program.

It is noteworthy that one cluster
dominates in both figures, although the
networks are built using a different algorithm
than in Fig. 2, which may indicate the stability
of the results obtained.
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Fig. 3. Visualization of the co-occurrence network of
the 40 most cited “Fields of Study” terms belonging to the red cluster of Fig. 2.
The citation score is given by the value of “Avg. norm. citations”

Puc. 3. Bu3yanusauus ceTu COBMeCTHOM BCTpeYaemMocTu
40 Hanbonee umuTMpyembix TepmmHos “Fields of Study”,
BXOAALIMX B KPACHbIN Knactep Ha puc. 2.
MoKasaTeNb LMTUPYEMOCTH ONpeaenseTca 3HadyeHmem “Avg. norm. citations”

3 van Eck N.J., Waltman L. Manual for
VOSviewer version 1.6.20. URL: https://
www.vosviewer.com/documentation/
Manual VOSviewer 1.6.20.pdf
(accessed 5 August.2024).
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Fig. 4. Visualization of the co-occurrence network of
the 40 most cited “Fields of Study” terms belonging to the green cluster of Fig. 2.
The citation score is given by the value of “Avg. norm. citations”

Puc. 4. Busyanunsaums cetu COBMECTHOM BCTPEYaeMOoCTH
40 Hanbonee unTMpyembix TepmunHos “Fields of Study”,
BXOAALLMX B 3e/1eHbII Knactep Ha puc. 2.
MoKasaTeNb ULUTUPYEMOCTH Onpeaenaerca 3HadyeHrem “Avg. norm. citations”

Clustering of articles

The topics of publications presented in the
journal can be described not only by keywords,
but also by clustering the articles themselves.
The Bibliographic Coupling methodology is
used for this purpose.

The BibliographicCouplingDocuments.json
file placed in the archive attached to this
article allows you to open it in VOSviewer
Online and see in detail the publication
clustering network obtained by Bibliographic
Coupling on cited Documents. The significant
advantage of online browsing is the possibility
to see in the tooltip not only general
characteristics of the publication network,
but also detailed data of the selected publication
— its title, where and when it was published,
with which documents it is included in
the cluster. A copy of the JSON file view

screen in VOSviewer Online is shown in
Fig. 5.

Documents are organized into eight
clusters, general characteristics of the document
network: Items: 500; Links: 20,193; Total link
strength: 39,785.

The problem with using “Bibliographic
coupling” is that many publications nowadays
cite very large reference lists. For example, in
the data exported from The Lens used in our
work, the average number of citations per
publication is 575,389/10,928=52.6. Much of
these citations are usually in the Introduction
section and only indirectly reflect the content of
the article. In my opinion, it is currently more
appropriate to use tags (index keywords/labels)
assigned by the abstract database platform to a
particular publication to assess the similarity of
publications.
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Fig. 5. Clustering of documents based on their Bibliographic Coupling by cited Documents

Puc. 5. Knactepusauus JOKYMEHTOB Ha ocHoBe ux 6ubanorpaduyeckoin ceasu
Mo LUTUPYEMbIM SOKYMEHTamM

In The Lens system, such labels are
placed in the “Fields of Study” column. In the
data used in this paper, there was an average of
190,972/10,972=17.4 “Fields of Study” terms
per publication. This is quite sufficient to
compare the proximity of the topics of
publications, all the more that the terms used in
the “Fields of Study” field have the same
spelling and therefore do not require additional
normalization, and the field itself does not
contain empty lines.

Based on the above, in the data table from
The Lens analyzed by VOSviewer, the “Fields
of Study” column was renamed to ‘“References”
and a similar analysis was performed to
determine Bibliographic Coupling, the results of
which are shown in Fig. 6.

The  distinctive  feature  of  this
graph is the small number of clusters (2)

when using  VOSviewer with  default
parameters.

The following procedure was carried out
to determine the current topics of the two
clusters presented above:

— twenty records with the highest
normalized citations were selected in each of the
clusters; a map file expatriated from VOSviewer
was used;

— for each publication of the twenty
records, the corresponding “Fields of Study”
terms were defined, merging was performed by
DOI field using the INNER JOIN operator with
the data of the table on which the network of
publications was built, presented in Fig. 6;

— for each of the clusters, the co-
occurrence of the four “Fields of Study” terms
was plotted in the form of alluvial diagrams, as
shown in Fig. 7 and Fig. 8.
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Fig. 6. Clustering of documents based on their similarity
according to the “Fields of Study” field data

Puc. 6. Knactepusauua 4OKYMEHTOB Ha OCHOBE UX CXOACTBA
B COOTBETCTBMM C AaHHbIMM nons “Fields of Study”

Term-| Term-2 Term-3 Term-4 Temm-|

@ Chemical _engineering
@ Organic_chemistry

Catalysis
Catalysis @ Physical_chemistry
' Chemical _engineerin Materials science © """
tlp g _ aterials_SCeNCe g yyouednoig
Chemlstry Electrochemistry
Hydrogen
Organic_chemistry :
Physical_chemistry ', ) ' Engineering
% * Materials_science A
Chemical_engineering o Engineering
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(atalysis ngineering
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Fig. 7. Alluvial diagram for the 45 most frequently co-occurring four
“Fields of Study” terms of the first cluster.
Colors are chosen according to the first term in the diagram

Puc. 7. AnntoBranbHana guarpamma ana 45 Hanbonee 4acto BCTpeyatowmxca
yeTblpex TepmuHoB “Fields of Study” nepsoro Knacrtepa.
LieeTa BbiBpaHbl B COOTBETCTBUM C NEPBbIM TEPMUHOM Ha Anarpamme
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Fig. 8. Alluvial diagram for the 45 most frequently co-occurring four
“Fields of Study” terms of the second cluster.
Colors are chosen according to the first term in the diagram

Puc. 8. AnntoBnanbHan gnarpamma ansa 45 Hanbosiee 4acTo coBNadatoLLmX
yeTbipex TepmuHoB “Fields of Study” BToporo Knactepa.
LiBeTa BbIbpaHbl B COOTBETCTBUM C NEPBLIM TEPMMUHOM Ha AMarpamme

A total of 372 “Fields of Study” terms
were contained in the 20 records of the first
cluster and 460 in the second cluster. Of these,
the first cluster contained 154 unique and the
second cluster contained 135 unique “Fields of
Study” terms.

The co-occurrence of terms was
determined using FP-growth algorithm with
parameters -s40m4n4. The s40 is a very high
value of this parameter, which indicates the
significant similarity of “Fields of Study” terms
in different bibliometric records. This fact can
be explained by the fact that all articles are
published in one journal, the subject matter of
which is significantly limited.

For the articles in the first cluster,
57 co-occurrence results were obtained for
the four Fields of Study terms. For the articles in
the second cluster, 199 co-occurrence results
were obtained for the four Fields of Study terms.

The alluvial diagrams below were
constructed using the Scimago Graphica

program for the 45 most frequently occurring
four terms.

Fig. 7 shows the most pronounced co-
occurrence of terms: Catalysis, Chemical
engineering, Chemistry, Materials science. The
terms: Catalysis, Hydrogen, Physical chemistry,
Chemical engineering, Nanotechnology,
Electrochemistry, Organic chemistry, Materials
science are the most reflective of the subject
matter of this chart.

Fig. 8 shows the most pronounced co-
occurrence of terms: Electrical engineering,
Environmental science, Chemistry, Hydrogen.
The terms: Electrical engineering, Hydrogen
production, Renewable energy, Environmental
science, Hydrogen economy, Hydrogen,
Engineering are the most reflective of the
subject matter of this chart.

The color selection options for each of the
term layers are presented as four interactive web
pages for both figures, available in the attached

archive.

122



Actual Problems of Oil and Gas. Vol. 16, No. 1, 2025

http://oilgasjournal.ru

The “Fields of Study” terms can serve as
filters when searching for information on The
Lens platform. Knowing the co-occurrence of
the terms significantly narrows down the
exported sample of bibliometric records from
The Lens platform, thus speeding up the search
for the desired information.

Conclusions

The possibility of combined use of fields
of bibliometric records of the abstract databases
ScienceDirect and The Lens, complementing
each other, is shown. For example, in The Lens
the field of keywords is poorly filled, and in
ScienceDirect records there are no fields of
citations and reference lists. The “Fields of
Study” field of The Lens platform can be
interpreted as system keywords similar to Index
Keywords in Scopus.

Given that widely used bibliometric
analysis programs such as VOSviewer can
use The Lens data, the easiest way to combine
the data is to populate the Keywords and
Abstract fields of the data exported from
The Lens with the “AB” (abstract) and
“KW” (keywords) fields of the RIS files
exported from ScienceDirect. More generally,
a merged data table in Scopus CSV format
can be created by renaming the relevant fields
and converting separator characters between

Author contributions

terms. It is advisable to merge data from tables
by DOL.

The feasibility of consistent use of
VOSviewer and Scimago Graphica programs for
more complete visualization of the results of
bibliometric analysis is demonstrated. The
feasibility of using alluvial diagram to map the
co-occurrence of, for example, four keywords
and to map the co-occurrence network of
keywords in coordinates of average publication
time and average normalized citation is shown.

The “Fields of Study” data, being
normalized terms, provide good opportunities to
analyze the topics of publications.

By analyzing the “Fields of Study”
bibliometric data of International Journal of
Hydrogen Energy for 20222024, two dominant
publication themes are identified, which
can be described in terms of: “Catalysis,
Hydrogen, Physical chemistry, Chemical
engineering, Nanotechnology, Electrochemistry,
Organic chemistry, Materials science” and
“Electrical engineering, Hydrogen production,
Renewable energy, Environmental science,
Hydrogen economy, Hydrogen, Engineering”.

Possible follow-up study: comparing
different record grouping approaches —
bibliographic coupling variants and  Gibbs
Sampling algorithm for Dirichlet Multinomial
Mixture model.

Boris N. Chigarev — idea, data collection and analysis, text preparation and editing.
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SHEPTFETUYECKMUE PECYPCbl 3EMHOM KOPbI: BbI30Bbl COBPEMEHHOW 3KOHOMMKMU

OpurnHanbHaA cTaTbA
YOK [303.6+303.7]:001.8
https://doi.org/10.29222/ipng.2078-5712.2025.01

BbiaBNeHUE aKTya/IbHbIX TEM UCCeA0BaHUM HA OCHOBE
o06beanHeHHbIX bBubanomeTpruUuecKkmnx gaHHbIX NybanKauum
International Journal of Hydrogen Energy 3a 2022-2024 rr.
nnatdopm The Lens u ScienceDirect

B.H. Yurapes D4
NHcTuTyT Nnpobnem HedTn 1 rasa PAH, Poccus, 119333, MockBa, yn. ly6KuHa, 4. 3

AHHOTaumuAa. AKkmyasnsHocms. Bopoposy OTBOAUTCA pPOSb  YUCTOTO 3IHEPrOHOCUTENA B  pPamKax
SHepreTU4Yeckoro nepexopa. Lleab pabomel. BbiAaBneHME aKTyasibHbIX TEM WUCCAeAOBAHUIA Ha OCHOBe
06beANHEHHbIX BUBAMOMETPUYECKMX AaHHbIX NybanKaumit International Journal of Hydrogen Energy 3a
2022-2024 rr., cobpaHHbix Ha naatdopmax The Lens u ScienceDirect. Mamepuanesl u memodel. Ons
aHanm3a 6bi10 3KkcnopTuposaHo 10 928 6ubanomeTpuyecknx 3anuceit ns 6asbl gaHHbix The Lens u
10 857 3anucenn us ScienceDirect. Knactepmsauma KAHOYEBbIX C/NOB W BM3YasbHbI aHANM3 AaHHbIX
NpPoOBOAUAUCL C MOMOLLbIO chneaylowmx nporpamm u anroputmos: VOSviewer, Scimago Graphica,
Inkscape, ytunuta FP-growth. Pe3ysemamel. WiccneaoBaHWe MoOKas3aso BO3MOMKHOCTb 06beguMHeHUus
6ubanomeTpuyecKkux 3anunceit ¢ oTkpbITbix nNaatdopm ScienceDirect n The Lens, KoTopble [ONONHAOT
apyr apyra. JaHHble “Fields of Study” u3s The Lens moryT 6biTb pauMoOHaAbHO MHTEPNPETUPOBAHbI KaK
CUCTEMHbIE K/lOYEeBble C/I0BA, aHasorMyHble Scopus Index Keywords. [MokasaHa BO3MOMKHOCTb
ncnonb3oBaHMA AaHHbix “Fields of Study” B meTtoge, aHanorMyHom 6ubanorpaduyeckoin cessu.
MpoaemoHCTpupoBaHa NpaKTUYecKas LenecoobpasHOCTb MCNOIb30BaHUA ANOBMANBHOW AMarpammbl
ANna oTobpakeHMA COBMECTHOM BCTPEYAEMOCTU YeTbIpex TEPMUHOB. B nccneaoBaHMm TakKe oTMeYeHa
LenecoobpasHOCTb COBMECTHOrO MCMo/sb3oBaHMA nporpamm VOSviewer u Scimago Graphica ans
KOMMNIEKCHOW BU3Yyann3aummn pesyabTatoB bUbanomeTpuyeckoro aHanmnsa. MiccnegosaHue BbIBUIO ABe
OOMUHMpPYIOLWME TeMbl Nyb6auKaumii B International Journal of Hydrogen Energy Ha 2022-2024 rr.,
KOoTopble MoryT 6biTb onucaHbl B TepmuHax: “Catalysis, Hydrogen, Physical chemistry, Chemical
engineering, Nanotechnology, Electrochemistry, Organic chemistry, Materials science” u “Electrical
engineering, Hydrogen production, Renewable energy, Environmental science, Hydrogen economy,
Hydrogen, Engineering”. Bbigsodbl. COBMECTHOE WMCMONb30BAHWE METAZAHHbIX Pa3/IMYHbIX OTKPbLITbIX
pedepaTnBHbIX 6a3 AaHHbIX NO3BOAAET KOMNEHCMPOBATb HEMOJIHOE UX NPeACTaB/EHME.

Knouesble cnosa: International Journal of Hydrogen Energy, The Lens, ScienceDirect, VOSviewer,
Scimago Graphica, FP-growth

®uHaHcMpoBaHMe: paboTa BbINOJIHEHA B pPamKax rocygapctBeHHoro 3agaHua WMHE PAH (tema
Ne 125021302095-2).

P4 Yurapes bopuc Hukonaesuy, behigarev@ipng.ru
© Yurapes b.H., 2025
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Ana uutupoBaHmAa: Yueapes b.H. BblAaBneHMe aKTyaslbHbIX TEM WCCNeA0BaHMA Ha OCHOBE
ob6beanHeEHHbIX BubanomeTpuyeckux AaHHbIX nybamkaumit International Journal of Hydrogen Energy
33 2022-2024 rr. nnatdopm The Lens n ScienceDirect // AkTyanbHble npobnembl HedpTH U rasa. 2025.
T.16, Ne 1. C. 110-128. (Ha aHra. a3.). https://doi.org/10.29222/ipng.2078-5712.2025.01

Bknap aBTopa

Bb.H. Ynrapes — koHIIETIIHS, COOp M aHAJIN3 TaHHBIX, TOATOTOBKA M PEAAKTHPOBAHUE TEKCTA.

KoHGAUKT uHTepecos

ABTOp 3a4BIseT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

CNUCOK UCTOYHMKOB

1.  Zhang D., Jiang M., Li G., Tang Y. An advanced bibliometric analysis and future research
insights on safety of hydrogen energy // Journal of Energy Storage. 2024. Vol. 77. P. 109833.
https://doi.org/10.1016/j.est.2023.109833

2. Wei R, Lan J., Lian L. et al. A bibliometric study on research trends in hydrogen safety
/I Process Safety and Environmental Protection. 2022. Vol. 159. P. 1064-1081.
https://doi.org/10.1016/j.psep.2022.01.078

3. Kar S.K., Harichandan S., Roy B. Bibliometric analysis of the research on hydrogen economy:
An analysis of current findings and roadmap ahead // International Journal of Hydrogen Energy. 2022.
Vol. 47, No. 20. P. 10803—-10824. https://doi.org/10.1016/j.ijhydene.2022.01.137

4. Chen X, Zhang Y., Xu S., Dong F. Bibliometric analysis for research trends and hotspots in
heat and mass transfer and its management of proton exchange membrane fuel cells // Applied Energy.
2023. Vol. 333. P. 120611. https://doi.org/10.1016/j.apenergy.2022.120611

5. Boukhennoufa I., Zhai X., Utti V. et al. Wearable sensors and machine learning in post-stroke
rehabilitation assessment: A systematic review // Biomedical Signal Processing and Control. 2022.
Vol. 71. P. 103197. https://doi.org/10.1016/j.bspc.2021.103197

6. Conceicdo A.M.D., Carvalho M.B.S.D., Bastos V.H.D.V. et al. Physiotherapeutic approach to
Attention Deficit Hyperactivity Disorder (ADHD) // Research, Society and Development. 2022. Vol. 11,
No. 15. P. €268111537138. https://doi.org/10.33448/rsd-v11i15.37138

7.  Rodriguez-Caceres A., Sanchez-Vera M.A., Alfonso Mora M. et al. Relationship between
screen exposure, sedentary behavior and musculoskeletal pain in adolescents: a systematic review
[Relacion entre la exposicion a pantallas, el comportamiento sedentario y el dolor musculoesquelético
en adolescentes: revision  sistematica] // Retos. 2023. Vol. 50. P. 1064-1070.
https://doi.org/10.47197/retos.v50.99865

8. Armenta E.E., Armenta JM., Coronado M.A., Ayala J.R. Systems and methods for citrus
essential oil isolation: a patent review // Journal of Essential Oil Research. 2024. Vol. 36, No. 2.
P. 94-104. https://doi.org/10.1080/10412905.2023.2300999

9. Pflugfelder N.S. Knowledge management as a driver of performance in ambulatory healthcare
— a systematic literature review through an intellectual capital lens // Journal of Intellectual Capital. 2021.
Vol. 22, No. 2. P. 403—432. https://doi.org/10.1108/J1C-02-2020-0068

127


https://doi.org/10.29222/ipng.2078-5712.2025.01
https://doi.org/10.1016/j.est.2023.109833
https://doi.org/10.1016/j.psep.2022.01.078
https://doi.org/10.1016/j.ijhydene.2022.01.137
https://doi.org/10.1016/j.apenergy.2022.120611
.%20https:/doi.org/10.1016/j.bspc.2021.103197
https://doi.org/10.33448/rsd-v11i15.37138
https://doi.org/10.47197/retos.v50.99865
https://doi.org/10.1080/10412905.2023.2300999

AKTyanbHble npobnembl HepTH 1 rasa. T. 16, Ne 1, 2025 http://oilgasjournal.ru

10. Magaiza G., Muchaku S. Curriculum enablement and posthumanism: Pathways for creating
and implementing a community development curriculum // Journal of Curriculum Studies Research.
2023. Vol. 5, No. 1. P. 159-170. https://doi.org/10.46303/jcsr.2023.12

11. Herman H., Kusbaryanto K. The effect of family therapy toward prevention of violent
behavior in child: a literature review // Jurnal Keperawatan Respati Yogyakarta. 2020. Vol. 7, No. 2.
P. 117. https://doi.org/10.35842/jkry.v7i2.530

12. Ortega J.L., Delgado-Quiros L. The indexation of retracted literature in seven principal
scholarly databases: a coverage comparison of dimensions, OpenAlex, PubMed, Scilit, Scopus,
The Lens and Web of Science // Scientometrics. 2024. Vol. 129, No. 7. P. 3769-3785.
https://doi.org/10.1007/s11192-024-05034-y

13. Delgado-Quiros L., Ortega J.L. Completeness degree of publication metadata in eight free-
access scholarly databases // Quantitative Science Studies. 2024. Vol. 5, No. 1. P. 31-49.
https://doi.org/10.1162/qss_a 00286

14. Delgado-Quiros L., Aguillo LF., Martin-Martin A. et al. Why are these publications missing?
Uncovering the reasons behind the exclusion of documents in free-access scholarly databases // Journal of
the Association for Information Science and Technology. 2024. Vol. 75, No. 1. P. 43-58.
https://doi.org/10.1002/as1.24839

15. Delgado Quirés L.J., Ortega J.L. Comparing bibliographic descriptions in seven free-access
databases // 27th International Conference on Science, Technology and Innovation Indicators (STI 2023),
Leiden, Netherlands, 27-29 September 2023. https://doi.org/10.55835/6436¢590b3340c364be5b2c7

16. Van Eck N.J., Waltman L. Software survey: VOSviewer, a computer program for bibliometric
mapping // Scientometrics. 2010. Vol. 84, No. 2. P. 523-538. https://doi.org/10.1007/s11192-009-0146-3

17. Hassan-Montero Y., De-Moya-Anegon F., Guerrero-Bote V.P. SClmago Graphica: a new tool
for exploring and visually communicating data // Profesional de la informacion. 2022. Vol. 31, No. 5.
P. €310502. https://doi.org/10.3145/epi.2022.sep.02

18. Borgelt C. Frequent item set mining / Wiley Interdisciplinary Reviews: Data Mining and
Knowledge Discovery. 2012. Vol. 2, No. 6. P. 437-456. https://doi.org/10.1002/widm.1074

Undopmayusa o6 aesmope

bopuc Hukonaesuu Hueapee — XK.0.-M.H., CTapmIUil HAYYHBIH cOTpyAHUK, WHCTHUTYT mpobiem
Heptu u raza PAH, Mocksa, Poccus; SPIN-kom: 7610-8398, https://orcid.org/0000-0001-9903-2800;
e-mail: bchigarev@ipng.ru

Moctynuna B peaakuyuio 04.09.2024
MpuHaTa K nybaukauuu 01.11.2024

128


https://doi.org/10.46303/jcsr.2023.12
https://doi.org/10.35842/jkry.v7i2.530
https://doi.org/10.1007/s11192-024-05034-y
https://doi.org/10.1162/qss_a_00286
https://doi.org/10.1002/asi.24839
https://doi.org/10.55835/6436c590b3340c364be5b2c7
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.3145/epi.2022.sep.02
https://doi.org/10.1002/widm.1074
https://orcid.org/0000-0001-9903-2800
mailto:bchigarev@ipng.ru

AKTyanbHble npobnembl HedTH 1 rasa. T. 16, Ne 1, 2025 http://oilgasjournal.ru

CObbITUA, UHPOPMALNA

https://doi.org/10.29222/ipng.2078-5712.2025.e01

B TiomeHu coctoanacb Bcepoccmiickaa HayuyHasa KoHdpepeHUUa
«Jotopckumn HedpTerasoHOCHbIM KomnaeKkc 3anagHou Cnbupu:
reosorus, MeToguKka uccnepoBaHun, NnepcnekTuBbl 0CBOEHUS

pecypcHoOro noteHuuana»

B TromeHu pu MOAACPIKKE B KOH(epeHLIUH NIPUHSAINA y4yacTue
®denepanbHOTO areHTCTBa o HEIPO- bonee 200 crmenuanucToB, NPEICTABJISIONIUX
nonb3oBanuio (Pocuenpa) u IlpaButenbcrBa aKaZeMU4ecKue W OTpacieBble  Hay4HO-
Tromenckoit obmactu 89 ampems 2025 . HCCIIEAOBATEIBCKUE WHCTUTYTHI, BBICIINE
MpoIuia Bcepoccuiickas HayJHast y4eOHBIe 3aBelCHUsA, HeTera3og00bIBaIOIIIe
koH(epeHus «Jloropcknii HepTera3oHOCHBIN U  CEpBHUCHBIE KOMIAHUU U3  MOCKBBI,
KoMIUIeke  3amamHoi  CuOupu:  reosorus, Cankr-IleTepOypra, Tromenu, HoBocuOupcka,
METOIHKA HCCIIEI0BAaHUN, NEPCIEKTUBBI Tomcka, ExatepunOypra u IpyTrux
OCBOEHUS pecypcHOro MOTEHIHAIaY. TOPOJIOB.

OTKpbITME KOHPepeHunn. PoTo npegocTaBaeHo TroMeHCKoW obaacTHoi ymon
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C MIPUBETCTBEHHBIM CIIOBOM
K yJaCTHHKaM KOH(epeHImH OoOpaTHIHCh
npencenarenb THOMEHCKOH oOnactHOW Jlymbl
@.I". CaiiuraunoB, 3amectutens ['ydoepHaTopa
obnactu

TromeHckoi JI.3. Temnoyxoga,

3aMeCTUTEIh HavaJbHUKA YnupasneHust
reoJiornd He()TH W Tasa, TMOJ3EMHBIX BOJ
u coopyxenmii Pocuexpa C.B. llumaHckwuii.
BeicTynaronyie  OTMETHIIM, 49TO  3amajgHas
Cubupp SBISIETCS YHUKAJIbHBIM  PETHOHOM
pecypcoB

YIJIEBOJOPOJHOTO CHIPhSI, UTPAIOIINM BEAYILYIO

o o0beMaM 3a1acoB 5

POJb B POCCHUIICKOM TOIUTUBHO-YHEPreTUIECKOM
KOMITJIEKCE, a TaKKe B JHEPreTHKE MHOTHX
JOpyTUX TOCYAapCTB.

IIpo3Byuano 36 JOKIanOB, OXBATbI-
BAIOIINX IINPOKUI CIIEKTp npooiem,
BKJIIOYasi BOIPOCHl T'€OAMHAMMKH, TEHE3Hca
HedTH, reo(U3NIECKUX HCCJICIOBAHUN,
neTporpaduu, TeOXUMUM, UCCIIETOBAaHUN KepHa,
CTpOEHHA OTZACIIBHBIX TEPPUTOPUIA 51
MECTOPOXKACHUH, OypeHUsI CKBaKMH U OCBOCHHS
3aracoB  JOIOPCKHUX 3aJIe)Kel, MpPUMEHEHHS
NPOrPaMMHBIX ~ TEXHOJOTMH TP  pEIIeHHH
PETHOHAIBHBIX W  IUIOMIAJHBIX HMHTEpIpeTa-
LUOHHBIX 3a7ad.

Kpurepun He(TErazoHOCHOCTH  JOIOp-
ckoro Komruiekca 3amagHodt Cubupu ObUIH
0003Ha4YeHbI B BBICTYIUICHUN YJICHA-

koppecnionzieaTa PAH B.A. Kortoposnua —

«ITaneozoit 3anmagHon Cubunpu:
pasHOMAacImTabHBIE MOJEIH  TE€OJOTHICCKOTO
CTpOCHHUS, He()TEra30HOCHOCTb, MOEIH
STAJIOHHBIX MECTOPOXKICHUNY.

Cosetuuk 1o reonorun 3anCuOHUUIT
A.A. Hexnanos B CBOEM JIOKJIaJe
«IlepcieKTUBEI HEPTETa30HOCHOCTH JTOIOPCKOTO

KoMIiekca 3amagHod CuHOWpH C  TIO3MIHI

rIyOMHHOTO ~ HaTHUAOTEHE3a»  MPEITONKHUI
OpraHu30BaTh PETHOHATLHO-KTTOJTUTOHHBIEY
WCCIICIOBAHNUS Ha y4acTKax HeJIp

C He(TECHOCHOCTBIO JIOIOPCKHX 00pa3oBaHMIA

c LEJIBIO BBIpabOTKH MTOMCKOBBIX
KpUTEpUEB W  METOAUK  T'€0JIOTHYECKOro
M3Y4YEHHUS! JOKIOPCKOr0 KOMIUIEKCa 3amagHoi
Cubupm.

JlokTop reon.-MuHEpaa. HayK, OTUPEKTOP
000 «MHII «'EOJJATA»

Muxainosuu bpexyHIIOB B CBOEM BBICTYIUIEHUU

Amnatonnit

MOJUYEPKHYII HEOOXOAUMOCTh BEPHYTH I€0JIOTHU
CTaTyC CTpaTernyeckod OTpaciud 3KOHOMHKH,
00BsABII 0 3arIaHUPOBAHHOM cepun

KOH(pepEeHITnH, MOCBSAILIEHHBIX €001
JIOFOpPCKOTO  OocHOBaHUs 3amamHoi Cubupwm.
[lepBoouepennass 3amavya OyIymudx BCTped
MpeIcTaBuTeNei He(Tera3o00bIBaAFOIINX
KOMIIAaHUH, aKaJeMUYeCKHX U  OTPAaCIIEBBIX
WHCTUTYTOB —  ToaroroBka  I[Iporpammer
KOMILIIEKCa

1o HU3YUCHUIO JOOPCKOTo

3amagHoit Cubupu.

MBaH UBaHoBUY Hectepos — HTL, OO0 «MHI «TEOLATA», TtomeHb, Poccua

nesterov@mnpgeodata.ru
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