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AxkmyanbHocmb. AHanumuyeckue cesiau Mexdy urbmpayuoHHO-eMKOCMHbIMU ceolicmeamu Koniekmopog 3anadHoll Cubupu no3eo-
JIS0M OUEHUMb NPOHULUaeMOCMb niacma u nomeHyuansHele 0ebumsi ckgaxuH. [lonydeHue makux MHO20MEPHbIX c8s3ell Ha Hayarb-
HoM 3amane pa3pabomku sensemcs eaxHol u akmyasnbHol 3adayed. MHozomepHble ces3u Mexdy hunbmpayuoHHO-eMKOCMHbIMU napa-
MempaMu KOiiekmopoe, npednoxeHHbIe pasHbiMu Lccriedosamensmu, mpebytom esibopa u adanmayuu K KoHkpemHomy obwekmy. O0-
HaKo aHanumuyeckue cga3u, npednazaemble 8 Hacmoswel pabome, NOMy4YeHbI Ha OCHOBE aHasu3a No8eOEHUS KPUBbIX KanUmsipHO20
0asrieHusi KOHKPeMHo20 NPOOYKMUBHO20 ninacma. B 0aHHOM criyyae c8s3b asmomamuyecku adanmupyemcs K KOHKpemHomy obbekmy u
no cmpyKmype u xapakmepy s8nsemcs onmumasnbHoU.

Lenb: nonyyums aHanumuyeckue ebipaxeHust 0 MHO20MEPHbIX c8si3eli Mex0y hunmbmpayuoHHbIMU U eMKOCMHbIMU cgolicmeamu no-
pod-konnekmopog Ha ba3e aHanusa u 06obuweHus uccredosaHuli 06pa3yos kepHa NO pesyrbmamam KanunnapUMempUYecKux uccnedo-
8aHull. MonyyeHHble 3asucumocmu 00MKHbI 06ecneyumb OUeHKY ¢ 0ocmamoyHol Ans npakmuyeckux yenel moYHoCmbio abeomomHol
NPoHUYaeMocmu nnacma U NOMeHyuanbHo2o 0ebuma CK8aXuHbl N0 U3BECMHbIM 8e1UYUHAM 0CMamoYHOU 8000HaChILEHHOCMU U No-
pucmocmu niacma no daHHbIM NPOMbICII080( 260hUBUKU.

O6BbekmbI: npodyKmMuBHbIe NIacmbl MPUAco8020, KOPCKO20 U HUXHeMeNnogoeo 8o3pacmos Jlac-EzaHckozo u [1oexoecko2o0 Mecmopox-
OeHudl.

Memodbi: cmamucmuyeckas obpabomka daHHbIX 06pa3syoe kepHa psida NPOOYKMUBHbIX NIacmoe MecmopoxdeHull ¢ UcNoTb308aHUEM
Kanunnspumempuyeckux uccredosanud.

Pesynbmambi. Ha ocHose 8cecmopoHHe20 aHanu3a 0600WeHHOU Mamemamu4eckol MOOeU KanumisapHbIX KpuebIx paspabomaHa me-
moduKa NOMyYeHUsT aHanuMuUYeckux ebipaxeHuli O MHO2OMEPHBIX ces3ell Mexdy (hunbmpayuoHHbIMU U EMKOCMHbIMU Napamempamu
Kkonnekmopog 3anadHoll Cubupu. B pabome npedcmassieHbl aHaIumMuyecKue 8bIpaxeHusi, @ makxe apaguku ceaseli mexoy gunbmpa-
UUOHHO-eMKOCMHbIMU napamempamu 0nsi Jlac-EzarHckoeo u Moexosckoeo mecmopoxdeHrul, Komopble no38onsom oueHums abeosom-
HYt0 NPOHUYaeMocmb NPOAYKMUBHBIX NIACMO8 NO U3BECMHBIM 3HAYEHUSIM Nopucmocmu U ocmamoy4Hol 8odoHackiweHHocmu. [pedna-
2aemasi Memoduka no3eosisiem noslyyums MHO2OMEPHbIe c8s3u Ars 106020 npodykmueHO20 nnacma & ycnosusix 3anadHoli Cubupu; e
pabome nokasaHo, Ymo 8 2udpouIbHbIX Konekmopax Habmodaemces Haubosiee mecHas c8s3b MeXdy (hubmpayUOHHO-eMKOCMHbIMU
ceolicmeamu; 8bisiefieHa NpuyUHa MecHoU ces3u abcomomHol npoHuyaemMocmu npodykmugHbix nracmos 3anadHoli Cubupu om ocma-
MOYHOU 8000HACKILUEHHOCMU KOfTekmopa.

Knioyessie cnoga:

Kanunnspumempus, npoHuyaeMocms, Nopucmocme, 0CMamoyHas 6000HaCkIUEHHOCMb, CMPYKMypa U Xapakmep Cea3u.
BeeneHue CTOB 4acTO HCIOJb3YHTCS AJI1 OUCHKH MPOHUIACMOCTH

10 M3BECTHBIM BEJIMYMHAM OCTATOYHOH BOJOHACHILICH-

HOCTH U TIOPHCTOCTH IUIACTOB IO JAHHBIM IIPOMBICIOBOM

W3BecTHO, UTO B OCHOBE HHTEIUIEKTYATH3aLIH pa3pa-
00TKM HE(TAHBIX MECTOPOXKICHHWH JEKHT HaydHO-

MeTouueckas 0asza, kotopas GopMupyeTcs BO MHOTOM
Onarojaps aHaiu3y U 00O0OIIEHHIO OMBITA SKCILTyaTaluK
sanexeil Hegtu [1-12]. Ilpu sToM BaxHOEe 3HaueHHE
MMeeT MOJTyYCHIEe W aHATH3 TaKUX [apaMeTPOB 3allekKel,
KaK MOPICTOCTh, HE(TEHACHIIICHHOCTh, IPOHALIAEMOCTD,
a TaKxke OTpe/IeNIeHHE B3aNMOCBS3H MEXTY HUMH.
MHoroMepHbIe 3aBHCUMOCTH MEXIY (UIBTPAIUOH-
HBIMH ¥ €MKOCTHBIMH CBOWCTBAMH HPOAYKTHBHBIX Ta-

DOI 10.18799/24131830/2021/8/3311

reodusuxu [13-20].

B Hacrosimee Bpems IpUMEpPOB TaKuUX 3aBUCHMOCTEH
JoctaTrouHo MHoro: Bummu-Poysa, Koteca-/{tomanyapa,
Tumypa u gpyrue.

[Ipu 3TOM 171 KOHKPETHOTO NpPOAYKTHBHOIO IIacTa
Heo0X0IMMO BBIOpATh MOIXOIANTY0 GOpMYITy U TIOCTpO-
UTh OMIIMPUYCCKHEC 3aBUCHMOCTU C MHCIIONBb30BAHHEM
JIaHHBIX JTA0OPATOPHBIX UCCIEOBAHH KEpHA.
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B ycnosusx 3anmaanoit Cubupu Juist Kak10ro MpoayK-
THBHOTO IUIACTAa TIPOBOIATCA KANWLIAPHMETPHUCCKHE
UCCIICIOBAHMS, a TAKXKE U3MEPSIOTCS 3HAYCHHS TIOPUCTO-
CTH U a0CONFOTHOW MPOHHUIIAEMOCTH.

JleTanbHO PaccMOTPEHBI BOTPOCH MAaTEMaTHYECKOTO
MOJICTIUPOBAHUS KPUBBIX KaMMIUIPHOTO aaBieHus. Ot-
JIeNbHBIE Pe3yJIbTaThl HCCIECIOBAHUMA OMYyONMKOBAHBI B
paborax [21-30].

MeToabl 1 matepuansl

I/I3B€CTHO, YTO KAMWJUIAPHBIC KPUBBIE MPEACTABIIAOT
€000 3aBUCHMOCTH KaNWJUTAPHOTO JaBIEHHS OT BOJOHA-
CBIILIEHHOCTH MYCTOTHOTO MPOCTPAHCTBA 00pasLoB KepHa,
UMEIONINX  pa3iuyHble  (QIIBTPAOHHO-eMKOCTHEIE
CBOWCTBAa. B cmiy 3Toro, Hapsmy ¢ 3aBUCHMOCTBIO Ka-
NAUIAPHOTO MaBJICHUA OT BOJOHACBHIIMICHHOCTH, OHU CO-
JeprkaT MHPOPMALUIO U O CTPYKTYPE U XapakTepe cBs3eH
MeXITy (UIBTPAIMOHHEIMA U €MKOCTHBIMH CBOHCTBAMHU
KOHKPETHOTO MPOIYKTUBHOTO IIIACTA.

[lo HameMy MHEHHIO, CBSA3H MEXIY (QILIBTPAIHOHHO-
€MKOCTHbIMHU CBOﬁCTBaMH, MOJIYyYCHHBIC Ha OCHOBE Ka-
MUUISAPHBIX HCCIEI0BAHUM, SBISIOTCA ONTHMAIbHBIMH,
MIOCKOJIbKY OHM aJIaliTUPOBAaHBl K KOHKPETHOMY HPOJIYK-
TUBHOMY ILTacTy.

JUist anmpoKCUMAalUy KalMUIPHBIX KPUBBIX KOJUIEK-
TopoB 3amagHoii CHOMpH MONMYYEHO CleAyIolee BhIpa-
KEHHE:

In(pry) = a + bIn(K}) + cIn?(K}), 6]

rme a, Db, ¢ — ¢ukcupoBanHble KOI()QHUIHEHTH;
K,—K

n = 1B KB" — HOPMHPOBaHHas BOAOHACHILIEHHOCTb TIO-
]

POBOI0 MpPOCTPAHCTBA, KB - 0611_[3.5{ BOJOHACBIIICHHOCTD,

Ty = J% — mapameTp, UMEIOIIHi Pa3MepHOCTb pauy-
ca; Ky, — koopduument nponunaemoctu; K, — k0addu-
[IMEHT TIOPUCTOCTH; P — KAITMIUPHOE TaBJIeHHE.

Onpenenum no dopmyie (1) HadanbHOE KAMHILIIPHOE
nasnenue. Jlns storo B dopmyny (1) moacraBum:
K; = 1,0. Torma momyunm:

In(pory) = a, )
TJiE Py — HauaIbHOE KAMUIIPHOE IaBIEHHUE.
INozcrasus BeIpaxenue (2) B popmyiy (1), momydnm:

In (pﬂ) = hIn(K:) + ¢ In(K?). @)

[Ipexmonoxum, 9To K03(hGHUIMEHT ¢ Mall 1 IM MOYKHO
npeHe6peyb, Toraa u3 Gopmyst (3) momydum:
1
b
i = (). @
Po
Takum oOpasom, momyyaem npuOIMKeHHe bpykc—
Kopu s anmpoxcuMaiy KanuUSPHBIX KPUBBIX.
B cootBercTBHM ¢ (opMmyIIoil (2) HauanbHOE Kamui-
JPHOE IABICHHE PABHO:
e? e?
Po= o = T
Kn

@opmyny (4) nepemuieM B BUJE:

K, = K,, + (1 - K,,) (:40)%
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Hanee Bocnons3yemcs (opmysnoii Jlammaca u nepei-

A€M K pagnyCaM IOPOBBIX KaHAJIOB!:
1

Ky = Ko + (1= K0) (5)'.

OmnpeneniM MIOTHOCTb paclpesieieHus MOPOBBIX Ka-
HAJIOB 110 PaJiuycy:
dKy

g(r) = 7= (1= Ky) ;2™ 5)

1 o
TIe @ =, Ty — MAKCHMATIbHBIN PajiyC MOPOBBIX KaHa-

JOB, COOTBETCTBYIOIIMH HAyalbHOMY KalUIIIPHOMY
JaBJIEHHIO.
B cootserctBuu ¢ hopmynoii Jlannaca umeem:

N 20cosf _ B |Knp
m Do e Kn !

rie § = 20c0sf; ¢ — TMOBEPXHOCTHOE HATsKEHHUE; O —
YTOJI CMAYNBAHUS.

OTMETHM, YTO IUIOTHOCTH PACHPEICNICHUS TOPOBBIX
KaHaJOB, OmpeseneHHas 1o ¢opmyiae (5), OMUCHIBaeT
IUIOTHOCTD pacrpeeeHus dPQeKTUBHBIX MOPOBBIX Ka-
HAJIOB, TO €CTh KaHAJOB, 110 KOTOPHIM IIPOHCXOJUT JBH-
*KeHue QIonoB.

PaccMoTpuM Mojienb OCTaTOYHOM BOJOHACHILIEHHO-
CTH TPH KAIAUIPHIMETPUH.

[TockonbKy BBITECHEHHE BOABI M3 IIOPOBBIX KAHAJIOB
IpY HApaCTAaHWH KANMUIIPHOTO IABJCHAS IPOHCXOIHUT
Jmb 110 3 (EKTHBHBIM HOPOBEIM KaHANaM, TO CIEIyeT
ToNarath, YTO 4acTh BOJBI B BUJC IUICHKH OCTAeTCS HA
TIOBEPXHOCTH ITIOPOBBIX KAaHAJIOB, TepeceKaromux oodpa-
3€1] TIOPOIBL.

CyMMapHbIi 006EM BOJIBI, YACPKUBAECMOI TOBEPXHO-
CTBIO TIOPOBBIX KaHAIOB, 00pa3yeT OCTATOYHYH) BOJIOHA-
CHIIIEHHOCTh MyCTOTHOTO TIPOCTPAHCTBA.

Takum 06pa3oM, ceueHne KamuLIIPOB HA CAMOM JIeie
HECKOJIBKO OOJIbIIe, MOCKOJNBKY BKIIOYACT B ceOs TOJ-
IUHY MWIEHKK 0CTaTO4HOM BOABI (4).

Torma mnst ocTaTouHOH BOAOHACHIIEHHOCTH HMEEM
ceayoouyo hopMmyiy:
form[n(r+8)2—nr2]g(r)dr

[ M n(r+8)2g(r)dr

Ky = (6)
[TocnenopatenbHble MpeodpasoBaHus GopMyJisl (6) 1aroT:

form r2g(r)dr

form(r+5)2g(r)dr’
form r2g(r)dr

form(r+5)zg(r)dr’

1 [ ™r+6)2g(rdr,
1-Kyo formrzg(r)dr

KBozl_

1_K30:

form rzg(r)dr+form 26g(r)dr+fgm &2g(ryar 1 |
form r2g(r)dr 1_Kso’

28 formrg(r)dr+é‘2 1

1+ form r2g(r)dr - 1_KB0.

OKOHYATEIEHO UMEEM:

,
" re@dr Ky
Jy™mr2gryar  1-Kgo'

(7)

B nocnenneii Gopmyne npenedperu 62, MOCKOIbKY
§ Ha MOBEPXHOCTH IOP HAMHOTO MEHBIIIC HX Paryca.



/3BecTns TomMCKoro nonuTexHUYeckoro yHneepeuteta. MHxuHmpuHr reopecypcos. 2021. T. 332. Ne 8. 135-141
MyxameTwunH B.B. 1 gp. AHanuTndeckue cBsav Mexay (unbTpaLoHHO-eMKOCTHBIMY NapamMeTpami NPOAYKTUBHBIX Nnactos 3anagHo ...

Teneps BbumciuM uuTerpaisl B dopmyne (7). Ou
(PM3IIECKN UMEIOT CMBICT CPEIHETO PaIyca H CPETHETO
CEUYCHHS TIOPOBBIX KAHANOB!

[ g@ydr = (1= Kyp) == tin;
i rtg@ydr = (1 - Kyo) =5k,

Ecnu mogcraButh 511 BeIpaxenus B hopmyay (7), s
MaKCHMAJIBHOTO pajyca TONyINM CIEAYIONIee BEIpaxKe-
HUeE:

a+2 (1-K,)
a+1 Ky

Panee ObuTa momyueHa cienyromas (GopMmyia s
MaKCHMAJbHOTO PaJInyca:

Ty =20

_F K

Ty = — :
a
e* | K,
[IpupaBHsieM 3TH BBIpaKEHUS:

B K _
e* | K,

a+2 (1-K,)

a+1 Kso

{K
Taxum 06pasom, JUIst mapamerpa % OKOHYATEIBHO
n

HOJTy4UM CIIEYIOLIEe BBIpaXKeHHe:
—+=20——" : 8
Kl'[ KEO ( )

Pe3ynbTathl 1 06CyxaeHus

Cruenyer OTMETHTb, YTO sl KOHKPETHOrO OOBEKTa
napameTpsl @, 8, @ SBISIOTCS KoHcTaHTamu. OHH orpe-
JETSAIOTCA TyTeM CTAaTUCTHYECKOH 00pabOTKM IaHHBIX
KaNULSPHBIX HCCIEI0BaHMH 00pa3IoB KepHa.

Yro kacaercsl TONIIMHBI TJIEHKH OCTATOYHOU BOJBI,
MCCIIeIOBAHNS MOKA3BIBAIOT, UTO €€ BETMYMHA 3aBHCUT OT
CTETEeHN THAPOGUILHOCTH KOJUIEKTOPA M B THAPOGUIL-
HBIX TTIOPOJIaX MPAKTHIECKU HeN3MEHHA.

Bripaxxenue (8) nepernuiiemM B CIEAYIOMEM BUJIE:

K"P — .(1_Kso)
RS ©)

rne A =20 wr2el
a+l B

Ha pucynke mpencraBineHsl TpauKi COMOCTABICHHUS
apaMeTpoB Jl;:‘:’ u % nns Jlac-Eranckoro u Ilos-
XOBCKOTO MecTopoxaeHui 3amanHo-Cubupckon Hedre-
ra30HOCHOM IPOBUHIMH.

Amnanus IIOKa3bIBACT, UTO B obonx Cy4dadax UMECT Me-
CTO JIOCTAaTOYHO TECHAs KOPPESALHUOHHAS CBSA3b MEKTY
YKa3aHHbIMH [TAPaMETPaMH.

Orcioma cnemyer, 4to TpeNCTaBICHHBIE Ha puC. |
YPaBHEHHUS PETPECCUH MOTYT OBbITh HCIIOIB30BAHBI JUIS
OLICHKH a0CONIOTHON NPOHMIAEMOCTH ILIACTOB MO H3-
BecTHBIM (Hampumep, o I'MC) 3HaueHUAM HOPUCTOCTH U
OCTAaTOYHON BOJOHACHIIIEHHOCTH.

Taxum 00pa3om, MONYYHIIN aHATUTHYECKUE BBIpaxe-
HUS JUTS CBSI3M MEKTY (DUIBTPALHOHHEIM M eMKOCTHBIMU
napamMeTpamy Uil KOHKPETHOrO IPOJYKTHBHOTO IUIACTA

Ha OCHOBC JaHHBIX J'Ia60paT0pHI)IX KanmuJuIapuMeTpruic-
CKUX UCCJIECOBAaHH.
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3anaonoti Cubupu; 6) ons Ilosxoeckozo mecmo-
poaicoenus 3anaonoii Cubupu

u

I

a) ona Jlac-Eeanckoeo mecmoposicoenus

Figure. Comparison graph of f% and (I;L parameters:

BO

a) for Las-Egan field in Western Siberia; b) for
Povkhov field in Western Siberia

B cootBercTBHE ¢ (opmynoii (9) momyuum cruemyro-
Iee BRIPKEHHS TS a0COTIOTHON POHMIIAEMOCTH:
2
K, (1-K,,)
K? '

BO

K, = A (10)

PaccMoTpuM XapakTep BIMSAHHSA OCTATOYHOW BOJIOHA-
CBHIIEHHOCTH Ha KO3 (DUIIHEHT TPOHUIIAEMOCTH.

B ycnoBusx  mMOpOA-KOMIEKTOPOB  3amajHo-
Cubupckoit HedTerasoHOCHOH MPOBMHIMU MOPHCTOCTH
u3MeHseTcs B uHTepBatie ot 15 mo 25 % (B 1,5-1,7 paz),
TOrJia Kak OCTAaTOYHAs BOJOHACBHIIIEHHOCTH — OT 20 10

60 % (B 3 pa3a).
IIpu n3menenun nopucroctu B 1,5-1,7 pasa comHo-
1-K,)*
HATETS 7 B ¢popmyne (10) m3mensercs B

BO
15-20 pa3, mo3TOMy B YCIOBHSX KOJUICKTOPOB 3amajHOH
Cubupu HaOMOaeTCs OYEHb TECHAS CBA3b MEXIY MPO-
HUI[AEMOCTBIO ¥ OCTATOYHOH BOJOHACHIICHHOCTEIO. [Ipu
3TOM MOXHO HCIIOJB30BaTh CPElHEe 3HAUeHHEe Kodpdu-
IHEHTA OPHCTOCTH.
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BbiBogbl

Jlnst ycmoBuii 3anexeil B TEPPUTEHHBIX KOJUIEKTOPax
3amanHo-Crbupckoit HedyTerasoHOCHOM MPOBUHIINN:

®  [OJYYCHB! BHIPAXKCHHUS 3aBUCUMOCTH HAYAIBHOTO Ka-
MIWULIPHOTO JIABICHUS U MAaKCHMAJbHOTO pajmyca
MOPOBBIX KaHANOB OT (HIBTPALlHOHHO-EMKOCTHBIX
MapaMeTpOoB KOJIIEKTOPOB;

e Ha OCHOBE OOOONIEHHOM MAaTeMAaTHYECKOH MOIEIH
KalMWJUIIPHBIX KPUBBIX IMOJYYCHO aHATATUICCKOC BbI-
paxeHHe UL CBS3eH MEXIy (HIBTPAllHOHHO-
€MKOCTHBIMH TapaMeTPaMH B YCIOBHAX KOHKPETHOTO
MPOAYKTHBHOTO IIACTA;
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ANALYTICAL LINKS BETWEEN POROSITY AND PERMEABILITY CORRELATIONS
OF PRODUCTIVE STRATA OF WESTERN SIBERIA BASED ON A GENERALIZED
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Relevance. Analytical relationships between the reservoir properties of Western Siberia deposits make it possible to estimate permeability
and potential well production rates. Obtaining such multidimensional relationships at the initial stage of development is an important and
urgent task. Multidimensional relations between reservoir parameters, proposed by different researchers, require selection and adaptation
to a specific object. However, the analytical relationships proposed in this work are obtained basing on the analysis of the capillary pres-
sure curves behavior of a reservoir. In this case, the relation automatically adapts to a specific object and is optimal in structure and cha-
racter.

The aim of the research is to obtain analytical expressions for multivariate associations between the filtration and capacity properties of
reservoir rocks based on the analysis and generalization of core sample studies resulting from the capillarimetric studies. The obtained de-
pendencies should provide an estimate with sufficient for practical purposes accuracy of the absolute permeability of the formation and the
potential flow rate of the well based on the known residual water saturation and porosity of the formation values according to the produc-
tion geophysics data.

Facilities: productive strata of the Triassic, Jurassic and Lower Cretaceous ages of the Las-Egan and Povkhov oil fields.

Methods: statistical processing of the core samples data from a number of productive formations basing on their capillarimetric studies.
Results. On the basis of a comprehensive analysis of the generalized mathematical model of capillary curves, a technique has been de-
veloped for obtaining analytical expressions for multidimensional relationships between porosity and permeability correlations of Western
Siberia reservoirs. The paper presents analytical expressions, as well as graphs of relationships between the porosity and permeability
correlations for the Las-Egan and Povkhov fields, which make it possible to estimate the absolute permeability of productive formations
from the known porosity and residual water saturation values. The proposed method allows obtaining multidimensional relationships for
any productive formation in the conditions of Western Siberia; it is shown in the work that in hydrophilic reservoirs there is the closest rela-
tionship between the porosity and permeability properties; the reason for the close relationship between the absolute permeability of pro-
ductive formations in Western Siberia and the residual water saturation of the reservoir has been identified.

Key words:
Capillarimetry, permeability, porosity, residual water saturation, structure and nature of the bond.
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