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AkmyanbHocmb uccriedogaHusi 0bycrosneHa HeobXxodUMOCMb 10 COBEPLIEHC MBOBaHUsT Memo008 munu3auy uu nopoo-KoIIekmopog npu
UHMepnpemayuu nempoguauyeckux daHHbIX, Nomy4Y€eHHbIX 8 1abopamopHbIX ycrogusx. Tunusayusi nopod-KonIekmopos no cmpykmype
nopog02o NpocmpaHcmea A8NSEemcs 8aX HbIM 3ManoM 8 UHmepnpemat, ul Nempoch U3UYECKUX OaHHbIX, NOMTyYEHHbIX 8 11abopamopHbIX
YCI08USIX, HO NO CrIoXUBWEUCS npakmuke oCyw ecmensiemes uib 3KCNEPMHbIM MemodoM, OCHOBIBasiCh Ha /TUMOI02uUY ECKOM onuca-
Huu 06pa3y08 KepHa, U Nno 3a8UCUMOCMAM 2a30NPOHULL@EMOCMU Om NOPUCMOCMU.

Lenb: anpobayus memoda HakonneHHoU koppenayuu u uHous udy anbHbIX 8E6pOIMHOCMHbIX Modenel 8 Komniekce ¢ 0aHHbIMU hay u-
anbHO20 aHanu3a Ons munu3ayuu meppueeHHbIX NOpoO-KOIeKMopos ho CMPYKMYPe nopogo2o NpocmpaHcmea.

06Bexm: 0bpa3ybl KepHa U3 namu ckeaxuH mecmopoxdeHust um. Cyxapega, npedCmaeieHHbIe OMIOKEHUAMU MY/TbCK020 20pU30HMA 8 U-
3elicko20 pyca HkHe20 kapboHa. [Mpu nposedeHuu uccredosanull ucnonb3osanock 165 0bpasyos kepHa duamempom U OruHol 30 Mm.
Memoobi1: cogpemeHHble MemMOdbI U3yYeHUs GhurmbmpauLOHHO-eMKOCMHbLIX U JTUMOoe0-nempoepaguyeckux ceolicme, Memodbi Ma-
memamu4eckoll cmamucmuku Ons aHaiu3a 3KChepuMeHmarbHbIX uccredogaHudl.

Pesynbmamel. Noka3aHo, Ymo npu NOMOWU UHOUB UOY allbHBIX 8EPOSIMHOCMHBIX M 00er ell, NOCMPOEHHBIX Kak GhyHKUUU om Koagheh uy u-
€Hma OmKpbIMOoU NOPUCMOCMU U y4UMbIB KU UX UHGHOPMALUI0 O mune nopogoli CmpPyKmypbl, TUMON02UU U (hayuu, MOXHO Oxapakm e-
puU30Bamb USMEHEHUS y2r108 Hak/lOHa u Opyaue 3¢hehekmbl, 8bIBIEHHbIE Ha 2pagh UKax HaKoONEeHHOU KOppenayuu 80 eceM Ouanas3oHe
pacyemos. Takxe 8nepsbie yCmMaHo8/IeHo, YMo npUMeHeHUe Memoda HakoNIeHHOU KOppenayuu 8 KoMniexkce ¢ UHOUBUOYabHbIM U 8-
POSMHOCMHbIMU M 00ensam U U daHHbIMU (hayuaibHo20 aHanu3a no3eosisiem ¢ 00Cmamoy Ho 8bICOKOL cmeneHsio docmosepHoCmU mun u-
3Uposamb meppu2eHHbIe NOPodbFKONEKMOPLI N0 CMPyKMype nopogoeo npocmpaHcmea. Ha ocHoge nposedeHH020 uHelHoe o duc-
KPUMUHaHMHO2 0 aHar u3a bblna peweHa npakmuyeckas 3adaya pazdeneHusi no munam komnnekmopa dns obbekma C1tlmep MeCMOPOX-
OeHus um. Cyxapesa. llonydeHHble pe3ynbmambl NOKa3biearom, Ymo Ucnonb308aHUe NPUHYUNA 30HaNbHOCMU NPpu 8bI0eNeHUU KOeK-
mopos N0380Msiem € 8bICOKOU cmeneHbio moyHocmu nodobpame Konnekyuo 0bpasyos Ans hunbmpayuoHHsIX ucciedosaHud, kom o-
pble 6ydym Hauboree KOPPeKmHO ompaxamb (hu3UKO-2UGPOOUHAMUY ECKYI0  KapmuHy niacma.

Knioyesble cnosa:
06pa3ubl cmaHAapmHo20 pa3mepa, nopoda-konaekmop, ubmpayUOHHO-eMKOCMHbIE cgolicmea, mun Komaekmopa,
¢hayuu, UHOUBUOYarbHbIE 8EPOSMHOCMHbIE MOOENU, TUHEUHO-OUCKPUMUHaHMHBIL  aHanus.

Lenbto nanHoi paboThl ABNAETCA almpodalusg MeToaa
HAKOIUIEHHOH KOppeslud U MHIMBUAYalbHBIX BEpOsT-
HOCTHBIX MOJIEJIeH B KOMILIEKCE C JAHHBIME (harualbH o-
ro aHanu3a Ui TUIM3ALUM TEPPUTEHHBIX MOPOJ IO
CTPYKTYpe IOPOBOTO TIPOCTPAHCTBA Ha TpHMEpe 00BEKTa
Citle, (TymBCKHE TEppHTEHHBIE OTIOKEHHS BH3€HCKOro
sApyca HIKHETo kapOoHa) MecTopoxkaeHUsS uM. Cyxapesa.

BBepeHue

Jlng  moxcyeta 3amacoB, TOCTPOSHHS Te€OJOro-
THIPOIMHAMHYECKUX MOJENeH B MPOEKTaX U TEXHOIOTH-
YECKMX CXeMaX pa3paboTKu MeCTOpOX IeHHH BaxKHO
HMETh CBeIeHHS O (UIBTPALMOHHO-EMKOCTHBIX CBOi-
ctBax (PEC) Bmematomux nopoa. UX 10CTOBEpHOCTH B
3HAUATENBHON CTETEHN 3aBHCHT OT 00€CTICUCHHOCTH TIe-
Tpodusnyeckoid nHpopManuen [1-4]. CymecTByeT TOJb-
KO OJHWH MpPAMOH CIOCO0 MONYYEHHS TaKOH HH(popMa-

Marepuanbi u metogb!
Mecropoxenne um. CyxapeBa pacroloKeHO Ha ce-

UM — nabopaTopHbIe KcciefoBaHus KepHa [5, 6]. Hema-
JOBaKHBIM JTAINOM NPH HHTEPIpPETANNU HETpopu3mue-
CKHUX JAaHHEIX, ONYYCHHBIX B Na00PATOPHBIX YCIOBHSAX,
ABJNAETCA pa3jeNeHne KOIEKTOPOB IO THIAM B 3aBUCH-
MOCTH OT CTPYKTYpBI ITOPOBOT O TIpoc TpaHCTBa. B HacTo-
sAmee BpeMs Ha MPAKTHKE Yalle BCETO TUMH3ALMS MOPOJ
OCYIIECTBISETCS IKCIIEPTHBIM METOLOM, OCHOBBIBASCH Ha
JTUTOIOTHYECKOM OMHMCAHNHH 00pa3noB KepHa, H 10 3aBH-
CUMOCTSIM Ta30MPOHAIIAEMOCTH OT MOPHCTOCTH.

DOI 10.18799/24131830/2023/ 1/3797

Bepe Ilepmckoro kpas, B 155 kunometpax ot r. [lepmu,
TepPUTOPUANBLHO KOTO-3amajiHee ropojga bepesHsku, sB-
NeTC KPYMHBIM MECTOPOXIeHHEM. B TeKTOHMYECKOM
OTHOLICHUH MECTOPOXKJEHUE MPUYPOYEHO K KPYMHOMY
KYIOIOBUAHOMY (3BIPAHCKOMY) TOAHATHIO, PAaCHONO-
KEHHOMY Ha Ioro-3amaje bepe3HHKOBCKOTro maneoBbl-
cTyna LeHTpalpHOH yacTd COMMKAMCKOH BIAIMHBI BO
BHYTpeHHe# OoproBoii 30He Kamcko-Kunennckoit cu-
cteMmbl maneonporu6os [7-9].
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[Tnact Cytl,, cnoxkeH mecyaHNKaMH MENKO3EPHHCTHI-
MU, aJI€BPOJUTAMHU Pa3HO3EPHUCTBIMH U APTHIUIUTAMH.

OTioxeHus TynrbCKOIO TOPU30HTA BHU3EHCKOro Apyca
HIOKHETO KapOOHA BCKPBITHL NMATHIO CKBaXMHAMH. [lpn
MPOBEICHUH HCCIEI0BAHUI HCTIONB30BaIoCh 165 obpas-
I10B KEpHA AMaMeTpoM M JnuHON 30 MM, IpUYpOUEHHBIX
K 00bekty Citly MecTopoxacHHS nM. CyXapesa.

OObpa3oBaHHe TYJBCKUX OTIOKCHHH INPOMCXOAUIO B
npuOpexRHO-MOPCKUX (MIepeX0MbIX) 00cTaHoBKax. Ha mpu-
OpexHble 0OCTAHOBKM ~ OCAJKOHAKOIUICHUS  YKa3bIBAKOT
CTPYKTYPHO-TEKCTYpHBIE OCOOCHHOCTM TOPOJ, HAIM4YHe
00e/IHEHHOr0 KOMILIEkca (ayHbl B COUCTAHMH CO 3HAYH-
TeNIbHBIM KOMAYECTBOM MEIKHX PACTUTENHHBIX OCTATKOB,
HaJMyue KapOOHATHOTO LEMEHTA, IPUCYTCTBHE B MOPOJAX
PaKoBUH pakooOpasHbIX, OuoTypbauus omioxenuii. [lopo-

Tabnuua.
nempoepaguueckoe o anamusa

Table.

Zbl, CAMAIONINE Pa3pe3 UCCIEAYEMBIX OTIOKEHUH, MOKHO
CTPYINHUPOBATS B JBA OCHOBHBIX (pallMalbHBIX KOMIUIEKCA!
3aIMBHO-MaryHHOro mobepexbs (3J) u  mpubpexHo-
akkymymiTuBHbIX oTnoxennit ([IAO). QannamHbii KOM-
TJICKC 3aJMBOB M JIaTYH CJOXEH TJMHHCTO-aJIEBPHTOBBIMH
OTIOKCHASMH C TOTUMHECHHBIMH TPOCIOIMH TECUYaHHKOB.
QarnuaneHbIA KOMIUIEKC MPHOPEKHO-aKKYMYIATHBHBIX OT-
MOXKCHMHA TIPeACTABIICH MENKO-CPEIHE3CPHUCTHIME TIeCya-
HUKaMH C IIPOCTOSMH aJICBPOINTOB.

Ha ocHOBaHUM NHTONOr0-NETPO PU3UUECKUX HCCIEN0-
BaHMIT BEIOOpKa 00pa3loB KepHa, MCMONb3yeMas B HcC-
CcleJI0BaHNUAX, Obla pa3aeeHa Ha HECKOIbKO IPyII B 3a-
BUCHMOCTH OT T€X WIM HHBIX MPU3HAKOB UM CBOKHCTB
NOPOA: M0 TUNY KOJJIEKTOPa, 0 JTUTOIOTHYECKHM CBOIi-
CTBaM, 110 (anmanbHOMY KoMILIeKey (Tabmuua).

Pe3yflbmamw Jla6opamopnblx UCCNEeO08AHUL OCHOBHBLX d)uﬂbmpaquHHO'eMKOCmelX ceolUCme U JIUMoN020-

Results of laboratory studies of the main reservoir properties and lithological and petrographic analysis

KomaecTBo 06- IponumaemocTs,
[TapameTpsl pasLoB, IIT. ITopucrocts, % 1073 mxm?
Options Number of Porosity, % t*; p**< Permeability, t*; p**<
samples, pcs. 107 mxm?
ITopoBsrit 132 5,29-19.,24 0,080-1455.44
T un KosuiekTopa Pore 11,57 -10,75; 135,62 2421010
Collector type T peumHHO-TI0 PO BBIH 33 0,95-9,28 0,0004 0.060-94,39 e
Fissure-porous 4,75 15,937
IMecuanuk 77 1,02-19.24 0,07-1445.44
Sandstone 12,82 221,39
Jluronorus ANeBpOJHT, aNeBpOIEeCIaHHK, i L an-10
Lithology aprusmT 68 0.95-14,04 |[625008| 406 9404 |52910
Siltstone silty, sandstone, 7,79 6,84
mudstone
o | MpuGpexHo-aKKkymy iTHBHbIC 0,95-19.24 0,10-1445.44
Al ajIbHbBII OTJIOKCHUS ) 44 13.63 32877
KOMILIEKC Coastal-accumulative deposits ' -5,41;0,02 ' -7,68;107°
Facies complex 3anuBbI U JIary Hbl 121 1,02-16,52 0,06-1220,25
Bays and lagoons 8,92 29,68

Ipumeuanue: * — kpumepuii Cmoiooenma, **— ypoeenv cmamucmuyeckou 3Ha4UMOCnu.
Note: * — Student's criterion; ** — level of statistical significance.

[To Tumy KomnnekTopa 00pasibl AEAATCA Ha TIOPOBBIE B
KonuyecTBe 132 M TPEUMHHO-TIOPOBBIE B KOMMYECTBE 33.
OTMeTHM, YTO B COOTBETCTBUH C JHUTONOTHYECKUM ONHU-
caHHeM MIH(OB 00pa3UBl XapaKTGPH3YIOTCS HANHIACM
TPEWIMH KaK eCTECTBEHHOTO, TAK H TeXHOTEHHOTO IPOHC-
XOKHCHHSA, YTO MO3BONHUIO BEIICTHTh TPEHIHHHO-
TOPOBHIN THT KOMekTopa (puc. 1).

[lo nutonmornu 00pa3mBl IeTATCS Ha TMECYAHUK B KO-
nudecTBe 77 W Tpymmy 0OpasloB aneBpONMTa, aJeBpO-
NecyaHuKa, apriiuuTa B KonuyecTse §8.

[Mo ¢amumanbHbIM mMpH3HAKaM 00pasibl JAeNATCA Ha
KoMIiekcHl 3anmBoB u naryH (3JI) B xomuuectse 121 u
npubpexkHo-akkyMynsTuBHEIX oTnoxenni (IIAO) B xo-
nnyectse 44.

Anamiz ®EC o BrIOOpKaM pasInyH bIX TPyII 00pa3-
II0B IIOKa3al pasiudus B CPEAHHX 3HAYCHUAX B 3aBUCH-
MOCTH OT THIIa KOJJIEKTOpA, THTONOTHH H (annaibHOro
KoMIIekca. [Ipu aHamm3e MCIOIb30BANHCH CIEAYIONIHE
xapakTepucTukn: Ky, — kodQduIueHT MpoHMLaeMocTH
no rasy u K, — k03¢ punneHT oTKpHITON MOPHCTOCTH.
CpaBHeHHE CpeJHUX 3HAYCHHH TPYMIN BBHIOOPOK BBHINOJ-
HEHO Ha OCHOBE t-KpUTEPHs, KOTOPHIl MOATBEPAUN CTa-
THCTHYECKU 3HAUYMMOE pasinyue JUid BceX Ipyni no ode-
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UM Xapaktepuctukam (Tabmuua). Haubonpuee pasmuune
1o K, oTMeueHo 71 TPYNIBl «TUI KOMIEKTOpa».

Jlanee ObUIM TOCTPOCHBI MHWBHAyalbHbIE BEPOAT-
HocTHBIe Moziemn (MBM) mis mopoBoro mpocTpaHCTBa,
JUTONOTHH U (allnaIbHOTO KoMILIeKea (puc. 2).

[Toctpoennsie UBM B 3aBUCHMOCTH OT U3MEHEHHUS KO-
3G (PUIHEHTA OTKPHITOH TOPHCTOCTH MO3BOJSIOT OICHUTH
BEPOATHOCTh IOSBJICHHA IOPOBOTO THIIA KOMIEKTOpa (P o)),
BEPOATHOCTh NUTOTHNA TecUaHuka (P.) ¥ BepoOATHOCTH
(anmanbHOro KOMIIEKCa MpuOpeXHO-AKKYMYJISTHBHBIX
omnoxkenuit (Pry). Kak Bunno Ha puc. 2, Py,=0,5 cooteT-
ctByer 3Hauenme K,=6 %, P.~0,5 coorBeTcTBYET
K;=10,5 %, a P,,=0,5 coorBetctByeT K,=15 %. Takum
00pa3oM, uepe3 HHIMBHIYaTbHEIC BEPOSTHOCTHBIC MOJICIH
OTpaxKaeTcsl MOCJe/J0BATEIbHOE YBEIMIMBAIONICECS BIIH S~
HHE TPeX PasIUUHbIX (YaKTOPOB, KOHTPONHPYIOLINX YBeE-
NMYEHNE 3HAUECHUSA OTKPBITOM mopuctocTu. IIpu 3TOM MBI
BUJIMM Pa3Nuuie PONH KaxJIoro GakTopa Ha BceM Ouama-
30HE U3MEPEHHUS OTKPBITOI TTOPHCTOCTH.

3atem ObLIO MPOBEJEHO COMOCTABICHUE PE3YJIbTATOB
ompeneneHus kKodhuIHeHTa OTKPHITON MOPUCTOCTH H
abcomotHoil razonponunaemoctu (puc. 3) [10, 11]. Co-
OTHOLIEHHE XapakTepusyerca KOdPQUUUEHTOM JeTep-
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MuHanuu, paBHeM 0,52 11 Bcex 00pasios. Koppensiu-
OHHBIE TIOJIS 10 00pa3naM (pauaibHbIX KoMIiekcos 3J1

. ala

u [TAO ommcaHbl 3aBUCHMOCTAMH € K03(pHUIHEHTAMH
netepmunanuu 0,22 u 0,8.

Puc. 1. (a) pomoepaus wnugha — mpewuna 6 yeiucmoix npocioukax; (6) pomoepagus unuga — omxpuvimeole mpewunsi no

HACIOEHUIO, MeXHO2 eHHO2 0 npoucxoofcdeﬁu}z

Fig.1. (a) photograph of a thin section — a crack in carbonaceous interlayers; (b) photograph of a thin section — open

cracks along the layering, technogenic origin
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Puc. 2. Hnousudyanshvie eeposmuocmuble moodenu ons oovekma Catl,,, mecmopoocoenus um. Cyxapesa
Fig.2. Individual probabilistic models for Ctl,, object of the field named after Sukharev

[TonyyeHHBIE 3aBHCHMOCTH MOKA3bIBAIOT Pa3IMIHBINA
XapaKTep B3aMMOCBSI3U MEXK Y KOd)(PUIMESHTAMH OTKDBI-
TO# TOPUCTOCTH ¥ aOCOMIOTHOH Ta3ompoOHHIAEMOCTH B
3aBHCHMOCTH OT MPUHAICKHOCTH 00pa3LoB K TOMY MM
HHOMY (aluanbHOMy KOMIJIEKcy. BmecTe ¢ TeM OCHOB-
HBIM KpPUTEPHEM, OMpPEJCIMIOMUM TUI KOIIEKTOpa, sB-
ageTcs CIOCOOHOCTh MOPOJABI MPONycKaTh depes3 ceds
¢uroun, 1. e. npoHunaemocts 12, 13].

Jlanee Ha OCHOBE NAHHBIX, MONYYEHHBIX Ha TpPeJbl-
AyLUX 3Tamax Mcclie10BaHuUs, BCS BHIOOPKA B 3aBHCHM O-

CTH OT TOT0, IO KAKHM MYCTOTaM Tpeodnanaet Guibtpa-
uus Qumonsa, OblTa pasjielieHa Ha JiBa THIA KOJNIEKTOpa
(puc. 4):

1. TpemuHHO-NOPOBBIA KOMNEKTOpP — Mpeobnajaromias
pOJb MOPOBBIX KaHAJOB B MPOHHIAEMOCTH M HOPHU-
CTOCTH C JIOMOJHUTENbHBIM YBEIHYEHHEM MPOHHIAE-
MOCTH 3a CYET MHKPOTPELIHHOBATOCTH.

2. TlopoBeii KonmexTop — mpeobmanaomas poib OT-
KPBITBIX MOp B IPOHUIIAEMOCTH U opHcTocTH [1, 14].

77



3BeCT 15t TOMCKOro NoMnmUT €XHUYECKOro Y HUBEPCUT €T a. MHxMHNpUHT reopecy pcos. 2023. T. 334. Ne 1. 75-83
MyTtunos W.C., HOpbes A.B., Buokyposa E.E. Tunusauns TeppureHHbIX NOpOog -KOMIIEKT OpOB C NMPUMEHEHNEM MET 0/1a HaKOMMEHHON ...

10000
=
Z 1000 b -
E- 1 ﬂg/xf
= - £
2 1 5Dt A :‘:ﬂ/
3 3
| | Lo
2 10 //,—cf ]
§ 1 | A?P’:_ bV _: LA
'R | o } ; |
P x

g :’//% |
Do = |
§ K = 0,0674-e0.4621'K;R2 = 0,52; n =165
£ 0,01 3.]1 K mpr = = 0,215-e02934K; R2=(0,22; n=121 R
g TAO: K, = 0,0968:%551K,; R2 = 0,80: n = 44

5 i s

0 2 4 6 8 10 12 14 16 18 20 22 24
HopucrocTs orkpeiTast (Km), %

@D ammanbHbIii  KoMIuieke - 3J1 A DammanpHblii komuiexke - [NAO

Puc. 3. 3asucumocmo cdas3onporuyaemocmu om nopucmocmu no BbLOCTICHHBIM d)al/}uaﬂbeLM Komnjiexkcam
Fig. 3. Gaspermeability dependence on porosity for selected facies complexes
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Puc. 4. 3asucumocmso caszonporuyaemocmu ont nopucmocmu no munam Kojuiekmopda
Fig.4. Gaspermeability dependence on porosity by reservoir types

B untepBanax mopuctoctH or 0 mo 6 % BedOpka  Oopka mpejcTaBIeHA KAK TPEIIMHHO-TIOPOBEIM, TaK H MO-
OpeacTaBJi€Ha TOJbKO TPCIIMHHO-IIOPOBBIM TUIIOM KOJ- POBBIM THIIAMU KOJIJIEKTOpA. Crout OTMETUTH, YTO BBbI-
nextopa. B unTepBanax mopuctoctd ot 6 10 10,5 % BB-  GOpKa TPELMIMHHO-TIOPOBOTO THIA XapaKTepu3yeTcs Oosee
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BLICOKAMHE 3HAUECHHSIMH K0d(QumuenTa adCcoMOTHOH ra-
30IIpOHMLAEMOCTH B JaHHOM uHTepBane. [locie 3Haue-
Hus mopuctoctr 10,5 % mpexcTaBneHa BEIOOpKa TOMBKO
TI0 TOPOBOMY THIY KOJUIEKTOPA.

Ha ocHoBe Tmony4eHHBIX THIIOB KOJUIEKTOPA MOCTPOE-
Ha (1) muneiiHas nuckpuMuHautHAsS QyHkuus (JIJD),
KOTOpas TO3BOJISET pa3feNuTh MPOCTPAHCTBO KOppes-
[MOHHOTO TOJIs MaTeMaTHYECKOH MOJENbIO 1O BCEH BbI-
Oopke 00pa3noB Ha TPEIU[MHHO-TIOPOBbIA U MOPOBBIN TH-

el komiektopa [15-18]. KauectBo knaccuduxanmu 92 %.

[Monyuennas JII® cratuctuuecku 3Hauuma. JIID mns
oobekta Cytl,, MecTopoxaenns uMm. CyxapeBa uMeer
CIEYIOMW N BU:
Z=0,548*(K;)-1,123*(log10(K ypr))-4,62, )
clas=92 %; F,/F=61,94, p<0,00001.
[Monyuennas JII® moxker ObITh HCTIONB30BaHA B Oy-
AymeM Juis Kiaccuukarmum o0pasnoB s 00beKTa

Citl,, mecTopoxenns nm. Cyxapesa, a ee CTaTHCTHYE-
CKas 3HAYAMOCTh IONTBEPXKIAET HSKCIEPHMEHTATBHOE
pasJeneHue Ha 30HbI (puc. 4).

Ha crnenpyromem stame uccliejoBaHUil HCIONb30Ba-
JUCh MOCTPOCHUS HAKOIICHHOH KOppEeNslHHu, TO3BONA-
IOIHE OTPasduTh B3aMMOCBSA3b MEKIy NOBYMS WIH He-
CKONBKMMH MapaMeTpaMy M0 Mepe YBennueHus oObema
BBHIOOPKH, OTCOPTHPOBAHHOH IO OJHOMY H3 Iapamer-
pos [19].

Jlnsg mccnenoBaHus B3aUMOCBSI3U IBYX TEPEMEHHBIX
ucnonp3oBancs koddpduuuent koppemiuun Ilupcona
(r-Tlupcowua) [20, 21].

[Ipu Mcmonb30BaHUM AAHHOTO MeToAa ObLIa paccdu-
TaHa HAKOIUIEHHAd Kopperauus (r(n)) Mexay koddgumu-
EHTOM OTKPBITOH MOPUCTOCTH M Kod(QuuueHToM ra-
30NIPOHULAEMOCTH (pHC. 5), OTCOPTHUPOBAHHAA MO Bceil
BBIOOpKE 00pa3ioB mo K.

30Ha 1 : 30Ha 2 : 30Ha 3 : 30Ha 4
0,81 % , i I
= 8 | I 1
- 0,71 2\ 4 | I I
= I | [
3 ¢ I I
% ® o 1 1 <§><>
g 0,51 Oé T | |
< 21 | I
S oa . '
= % | |
2 031 ’ 1 I
: (£ ! !
= 091 L %4 I I
! 1| 2 I I
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I I
0,01
0 2 4 6 8 10 12 14 16 18 20

KosddummeHnt orkpbiToii mopuctoctd, %

Puc. 5. I'pagpux usmenenus xoagp puyuenma xoppenayuu om ko3¢ puyuenma omxpvimou nopucmocmu
Fig.5. Graphof the change in the correlation coefficient from the coefficient of open porosity

[paduk HAKOMIECHHOH KOPpEeNANUU CHeHH(PAIECKA
XapaKTepu3yeT B3aMMOCBS3b KOI((UIMEHTA OTKPHITOH
TOPHCTOCTH M Ta30NPOHHIIAEMOCTH B PasHBIX JAHAIa30-
HaX TMOPHCTOCTH. Pa3phIBBL, mepephlBEl M KPHBH3HA Ha
rpaQuKax OTpaxaT H3MEHEHHE CTPYKTYPHI IOPOBOTO
MPOCTPAaHCTBA B pasHbIx anamasonax [20, 21].

Kak BugHO m3 puc. 5, B aMama3oHe OTKPBITOM MOpPH-
cTocTH OT 2 110 6 % (30Ha 1) Habmomaetcs pa3dpoc ToUEK
U cHkeHue 1(n) ¢ ysenmmuenueM K,. [ocne 6 % 3Haue-
HHS IOPUCTOCTH, COrnacHo P,>0,5, Haunnaer npepanu-
pOBaTh MOPOBBIN TUII KoJeKTopa. 3MeHeHUs CBA3aHbI
M3MEHEHHEM CBOIICTB M THIIOB IOPOJBI B IpEAeNax Aua-
naszoHa KodpduuueHTa oTKpeITOH mopucTocTH. IlOBEHI-
NICHHbIC 3HAUYCHHE KOdPQUIMEHTa NPOHHIACMOCTH B
JAHHOH 30HE OOYCIOBICHBl HAMMYMEM MUKPOTPEIIUH,

YTO COTJIACYETCS C JMTONOrO-METPOrpaduueckKuMu Hc-
CNEJIOBAHMAME JAHHBIX oTioxeHuil (puc. 1). B nannom
JMana3oHe BEPOATHOCTH MTOPOBOT O KOJJIEKTOPa CBECHA K
MHHUMYMY H TIpeoONafiaeT TPEIMHHO-TIOPOBBI THIT
KOITEKTOpa. BeposATHOCTh MOSBIEHUS «YMCTOTO Mecya-
HHKa» W (panuanbHOro komrekca [TAO MuHHMAanbHA
10 Py

Jlanee MOXHO BBHIIENUTH 30HY 2, 0XapaKTepU30BaH-
Hyto danuansaeiMu kKomiekcamu [1AO u 3J1. B nanno#
30HE MOXXHO HaO0I0JaTh CTaOMIM3aLMI0 HAKOIJIEHHOW
xoppensuuu. Ilpu paccmorpennu Py, CTOMT 0TMETHTH
YBETMYMBAIONIYIOCS BEPOSATHOCTh MOABICHUS MOPOBOTO
THIA KoIUlekTopa. [Ipu 3HAYeHMM MOpPUCTOCTH Oomnblie
10,5 % BepOATHOCTh MOSABICHUS «YUCTOTO TECUAHUKAN
oompire 0,5.
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HpPI 3HAYCHUH KOBq)q)HI_[PIeHTa OTKpLITOﬁ MOpUCTOCTH 9% HOCTBIO BOCCTAHABIMBAETCS 3a CUCT ydye€Ta TreoJiornic-

HaOMoaeTcs pa3phiB 3HAYEHWH r(n) ¥ MOKHO HAOIIOATh
HayaJio uX pocta ¢ yBemuenneM K. Bee atn ad ekt cBs-
3aHBI C TEM, YTO POJIb TPEmHMH B 3)(OEKTHBHOM MYCTOTHOM
MPOCTPAHCTBE CBOJAMTCSA K MHHHMYMY U IPOSBISETCS CIie-
nududyecknit xapaktep QUIBTPAIMH IS JUTOTHIIOB «HH-
CTOro mecyanukay. [1o u3noMy rpaduka HAKOTICHHOH KOP-
permsmud (puc. 5) MOKHO YeTKO BBLICIMTH 30HY 3. B mpene-
Jax 30Hbl 3 OTMEYACTCS PE3KMH MONBEM U HE3HAUUTEIHHOE
BHIMONAKMBAHKE TpadyKa HAKOMJIEHHOH KOoppemsumu, 00y-
CIIOBJICHHOE yuYacTHeM B 00JbIleil CTEIIEHH OTKPBITHIX IIOP B
nycTotHoM npocTpancse. Ilo Py, MOKHO cka3aTh 0 TOM,
YTO BEPOATHOCTH MOPOBOTO THMA KOJIEKTOPA 3HAUMTEIBHO
yBeIMuMBacTCs, a 1o P, HaOnroaeTca MuaBHbIA pocT Be-
POSTHOCTH YU CTOrO ECUAHUKAY.

3oHy 4 MOXHO BHIENUTH 1O P, ,0>0,5. BepostHocTh
MIOPOBOTO THIIA KOJUJIEKTOpPAa MaKCHMalbHa U Habmojae -
csl yBenmueHue 3HaueHu P 710 0,9.

HaxonneHHble KOppeIALny U HHIUBUyalbHbIE BEPO-
ATHOCTHBIE MOJEIN CaMH 10 cebe SBIAITCA HH(popMa-
THUBHBIMH HMHCTPYMEHTAMH [ aHalM3a W TUIM3ALUHU
B3aHMOCBS3H CTPYKTYPHI IIOPOBOTO TPOCTPAHCTBA C (a-
IMaIbHBIME KOMIUIEKCAMH, JUTOTUNIAMH M TUNAMH MYy-
CTOTHOrO TpocTpaHcTBa. COBMECTHOE HCIOIb30BaHUE
3TMX MHCTPYMEHTOB IOMOJHSET M yCHIMBAET UX aHANHU-
THYECKYI0 3HAYMMOCTb M MH(OpMATHBHOCTh. CTOHT 0T-
METHTb, YTO IpapuKi HAKOTICHHOH KOPPENALUH MO3BO-
JAI0T YTOUYHHUTH TPAHHIIB PAHEE BBIICIICMBIX 30H, KPOME
TOTO, Pa3CIUTh UX HA «IOA30HB) Jid Oojee JeTalbHO-
ro paccMoTpeHus. IIpu 3ToM u3 BbHIE HPUBEAECHHOTO
aHaNM3a OYCBHU/IHA B3AUMOCBSA3b HAKOMJICHHBIX 3HAUCHUI
KOppensnuu r(n) ¥ MOCTPOCHHBIX MO Pa3IHYHbIM I€0N0-
rud4eckuM (axTopaM HHAMBUAYATbHBIX BEPOSTHOC THBIX
mogeneit P =f(K;), Py o=f(K,) 1 Pyo,=f(K,). 11 xomu-
YECTBCHHOTO OMMCAHUS 3TOH B3aHMOCBA3M IHPUMEHEH
MHOXECTBEHHBIIl perpeccHOHHBIN aHanu3. Brepssle mo-
Ny4eHO CTATUCTHYECKM 3HAYMMOE YpaBHEHHE MHOXKe-
CTBEHHOH KOppensALHOHHOK cBA3H (2):

M(N)=—1,526*P 1o, +2,672* Ppe—1,313*P,,+0,572;  (2)
R=097, p<10° F/F=2234.

YpaBHeHue (2) XapakTepu3yeTcs BHICOKUM M CTaTH-
CTHYECKH 3HAUAMBIM KO3D(QHIMEHTOM MHOXECTBEHHOM
xoppersanuu — 0,97. Brepsrle moka3aHo, 4To IpU IIOMO-
mu VIBM, nmocTpoeHHbIX Kak ¢yHKuuu ot K, u yuuTh-
BAIOMIUX HH(POPMAIMIO O TUTIE TIOPOBOK CTPYKTYpPHI, NH-
TOJOTUM ¥ (AU, MOXHO 0XapaKTePH30BaTh H3MEHEHUS
YIJIOB HAKIOHA U JApyrue >Q¢eKTl, BHIABICHHbIE HA Tpa-
(ukax HAKOMIEHHON KOppeliLUM BO BCEM JAHMaNa3oHE
pacuetoB. Taxum oOpasoM, uH(popMaUUs, KOTOPYIO
obecrneunsaet K, mpu pacuete r(n), IpakKTHYECKU MOJ-
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TYPING OF TERRIGENOUS RESERVOIR ROCKS USING THE CUMULATED CORRELATION
METHOD AND INDIVIDUAL PROBABILISTIC MODELS ON THE EXAMPLE
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The relevance of the study is caused by the need to improve the methods of typing reservoir rocks in interpretation of petrophysical data
obtained in the laboratory. Typing of the reservoir rocks according to the structure of the pore space is an important step in the interpret a-
tion of petrophysical data obtained in the laboratory, but according to established practice, it is carried out only by an expert method, based
on the lithological description of core samples and on the dependences of gas permeability on porosity.

Purpose: approbation of the accumulated correlation method and indlividual probabilistic models in combination with facies analysis data
for typing terrigenous reservoir rocks according to the structure of the pore space.

Object: core samples from five wells of the field named after Sukharev, represented by deposits of the Tula horizon of the Visean stage of
the Lower Carboniferous. When conducting research, 165 core samples were used, with a diameter and length of 30 mm.

Methods: modern methods for studying porosity-permeability and lithologic al-petrographic properties, methods of mathematical statistics
for the analysis of experimental studies.

Results. It is shown that with the help of individual probabilistic models built as a function of the open porosity coefficient and taking into
account information about the type of pore structure, lithology and facies, it is possible to c haracterize changes in dip angles and other ef-
fects identified on the graphs of the accumulated correlation in the entire range of calculations. It was established as well that the use of
the accumulated correlation method in combination with individual probabilistic models and facies analysis data makes it possible to typing
terrigenous reservoir rocks according to the structure of the pore space with a sufficiently high degree of reliability. On the basis of the line-
ar discriminant analysis carried out, the practical problem of separation by reservoir type was solved for the C1:xer object of the field named
after Sukharev. The obtained results show that the use of the principle of zoning when identifying reservoirs allows, with a high degre e of
accuracy, selecting a collection of samples for filtration studies that will most correctly reflect the physical and hydrodyn amic picture of the
reservoir.

Key words:
samples of standard size, reservoir rock, reservoir properties, reservoir type, facies,
indlividual probabilistic models, linear discriminant analysis.

6. Glushkov D.V., Popov N.A., Rodionova A.L. Modern technolo-

REFERENCES gies of core research and interpretation of research results. Geolo-
1. Putilov1.S., Gurbatova I.P., Popov N.A., Chizhov D.B., Yuriev A.V. gy, geophysics and development of oil and gas fields, 2010, no. 5,
Increasing the reliability of results of physical and hydrodynamic pp. 73-78. In Rus.
tests. Perm Journal of Petroleum and Mining Engineering, 2019, 7. Galkin V.I., Ponomareva I.N., Martyushev D. A. Forecast of reser-
vol. 19, no. 3, pp. 216-227. In Rus. DOI: 10.15593/2224- voir pressure and study of its behavior in the development of oil
9923/2019.3.2 fields based on the construction of multilevel multidimension-
2. Kostin N.G., Gubaidullin M.G. Vliyanie razmerov issleduemykh al probabilistic-statistical models. Georesources, 2021, no. 23 (3),
obraztsov kerna na velichinu koeffitsienta poristosti karbonatnykh pp. 73-82. In Rus. DOI: 10.18599/grs.2021.3.10
i terrigennykh kollektorov [Influence of the sizes of the studied 8. Zhelanov A.V., Chalova P.0. Razrabotka matematicheskoy
core samples on the value of the porosity coefficient of carbonate modeli prognoza vremeni vosstanovleniya davleniya v skvazhine,
and terrigenous reservoirs]. Geologicheskie opasnosti. Materialy ostanovlennoy na issledovanie (na primere mestorozhdeniya im.
XV Vserossiyskoy konferentsii s mezhdunarodnym uchastiem [Ge- Suhareva) [Development of a mathematical model for predicting
ological hazards. Materials of the XV All-Russian conference with the time of pressure recovery in a well stopped for research (on the
international paticipation] Akhangelsk, 2009. pp. 248-250. example of the Sukharev field)]. Problemy razrabotki mestorozh-
3. Petersile V.I., Rabits E.G., Belov Yu.Ya. Metody i apparatura deniy uglevodorodnykh i rudnykh poleznykh iskopaemykh. Materi-
dlya izucheniya filtratsionno-emkostnykh  svojstv  porod- aly XII Vserossiyskoy nauchno-tekhnicheskoy konferentsii [Mate-
kollektorov na obraztsakh bolshogo razmera [Methods and rials of the XII All-Russian Scientific and Technical Conference].
equipment for studying the reservoir properties of reservoir rocks 2019, vol. 1, pp. 133-135.
on lage samples]. Moscow, Nedra Publ, 1980. 53 p. 9. Plyusnin  AV., Karaseva T.V. Reservoir characteristic of
4. Anderson M.A, Brent D., McLin R. Core truth in formation eval- Famennian deposits of the Solikamsk depression. Bulletin of the
ugtion. OQilfield Review. Oilfield Review, 2013, vol. 2, pp. 16-25. Perm National Research Polytechnic University. Geology, 2015,
5. Aleksin G.A., Kleshchev A A., Rossikhin Yu.A. Perspektivy pois- no. 2 27), pp. 85-92. In Rus. DOI: 10.17072/psu.geol.27.85
kov nefti i gaza na severe Timano-Pechorskoy provintsii [Pro- ~ 10. Putilov LS., Gurbatova I.P., Popov N.A., Chizhov D.B.,
spects for prospecting for oil and gas in the north of the Timan- Yuriev A.V. Increasing the reliability of results of physical and
Pechora province]. Moscow, VNIIOENG Publ., 1982. 44 p. hydrodynamic tests. Perm Journal of Petroleum and Mining Engi-

82



Putlov 1.S. etal. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023. V. 334. 1. 75-83

11.

12.

13.

14,

15.

neering, 2019, vol. 19, no. 3, pp. 216-227. In Rus. DOl
10.15593/2224-9923/2019.3.2

Putilov I, Yuriev A., Popov N., Chizhov D. Scale effect on the
reservoir permeability and porosity over a wide range of void
structure (example of the Tedinskoe oil field). Arctic Environmen-
tal Research, 2019, vol. 19, no. 3, pp. 93-98. In Rus. DOI:
10.3897/issn2541-8416.2019.19.3.93

Gudok N.S., Bogdanovich N.N., Martynov V.G. Opredelenie fizi-
cheskikh svojstv neftevodosoderzhashchikh porod [Determination
of the physical properties of oil-bearing rocks: Textbook for uni-
versities]. Moscow, Nedra, Business Center LLC Publ., 2007.
592 p.

Rabbani A., Babaei M., Javadpour F. A Triple Pore Network
Model (T-PNM) for gas flow simulation in fractured, micro-
porous and meso-porous media. Transp Porous Med, 2020,
vol. 132, pp. 707-740. DOI 10.1007/s11242-020-01409-w
Metodicheskie rekomendatsii po podschetu geologicheskikh zapa-
sov obemnymi metodami [Guidelines for the calculation of geolog-
ical reserves by volumetric methods]. Eds. V.1. Petersilie, V.I. Po-
roskuna, G.G. Yatsenko. Moscow, Tver, VNIGNI, SPC «Tver-
geofizikan Publ, 2003. 130 p.

Johnson N.L., Leone F.C. Statistics and experimental design. New
York, London, Sydney, Toronto, John Wiley & Sons, 1977. 606 p.

Information about the authors

16.

17.

18.

19.

20.

21.

Montgomery D.C., Peck E.A. Introduction to liner regression
analysis. New York, John Wiley & Sons, 1982. 504 p.

Watson G.S. Statistic on spheres. New York, John Wiley and Sons,
Inc, 1983. 238 p.

Yarus J.M. Stochastic modeling and geostatistics. Tulsa, Oklaho-
ma, John Wiley & Sons, 1994. 231 p.

Chekrygin 1.I., Faraonov A.A. Statisticheskiy analiz geofizi-
cheskikh signalov s ispolzovaniem parallelnykh vychisleniy [Sta-
tistical analysis of geophysical signals using parallel computing].
Vestnik KRAUNC. Fiziko-matematicheskie nauki, 2019, vol. 27,
no. 2, pp. 74-94.

Pearson K. On lines and planes of closest fit to systems of points
in space. Philosophical Magazine, 1901, Ser. 6, vol. 2, no. 11,
pp. 559-572.

Kork J.0. Examination of the Chayes-Kruskal procedure for test-
ing correlations between proportions. Journal of the International
Association for Mathematical Geology, 1977, vol. 9, no. 6,
pp. 543-562.

Received: 3 August 2022.
Reviewed: 13 October 2022.

Ivan S. Putilov, Dr. Sc., associate professor, deputy director, branch for scientific work in the field of geology of the
Branch of OO0 LUKOIL-Engineering PermNIPIneft in Perm.
Aleksandr V. Yuriev, Cand. Sc., leading engineer Center for Research of Core and Reservoir Fluids of the Branch of
000 LUKOIL-Engineering PermNIPIneft in Perm.
Ekaterina E. Vinokurova, head of the Department of Lithological and Sedimentological Research of the Integrated
Core Research Department of the Center for Core and Reservoir Fluid Research of the Branch of 000 LUKOIL-
Engineering PermNIPIneft in Perm.

83



	75-83

