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AHHOTAUSA

AKTyanbHOCTh 3a/layd OOYCJIOBJIEHA PAa3BUTUEM M WIMPOKUM BHEIAPEHHEM
TEXHOJOTMM MHTeHCU(UKauuu J00bluM He(pTH U Ta3a C HCIOJIb30BAHUEM
3aBOAHEHUA. OTOT METOJ CelYyac MNPHUMEHSAETCS MNPAKTUYECKH BO  BCEX
He(Terazoo0bIBaOINX peruoHax Mupa. HakornaeHHbIH ONbIT IPUMEHEHUS! JaHHOTO
METOJ1a, a TaK)K€ TEOPETUUYECKUE HCCIIEIOBAHUS IMOKA3bIBAIOT, YTO 3()(PEKTUBHOCTD
MeTrofa B OoJIbLIEH CTENEHM 3aBHCUT OT IMPAaBWIBHOTO BbIOOpa O0O0BEKTa U
COOTBETCTBYIOIIEH TEXHOJNOIMH ero mnpumeHeHus. [losToMy BbIOOp OOBEKTOB U
COOTBETCTBYIOIIEH TEXHOJIOTMHM 3aBOJHEHMS SIBISIETCS AKTYaJlbHOM Hay4yHO-
TEXHUYECKON 3aJayeil, KOoTopas [OJDKHA pEIIaTbCsl Ha OCHOBE TEOPETHYECKHUX
JOCTIDKEHU B 9ToM obmactu. [lpakTuueckuii WHTEpeC MPEACTABISIET MPOTHO3
JUHAMUKH MHOro()a3HOro T€UYeHHsI B He(TErazoBOM ILIACTE MPHU €ro 3aBOJAHEHHH,
BKJIIOYAIOIIIEM B Kau€CTBE COCTABHBIX JIEMEHTOB COOCTBEHHO He(Tera3zoBbli IJIacT
W BoJAOHANopHbIM miacT. [lpyw ABMXKEHUM Ta3upOBAHHOM MKUAKOCTH B IJIacTax
cojiepkarcsi 00bIYHO TpHU (Pa3bl KOMIOHEHTa cMecH: He(pTh, ra3 U Boja. B Takom
cllydae MMeeM IMOTOK MHorogazHoil xuakoctu. CIO0XHOCTh MOAOOHON 3aaauu
Hapsy ¢ nmpobsieMaMy pacdeTa MpolecCoB MHOTO(Ma3HON (UIbTpallUd yCUITUBACTCS
HETPUBHAIBLHOCTHIO TeoMeTpun. Hanbonee nocToBepHyto MHGOPMAIUIO O BIUSHUU
3HAYUMBIX (DAKTOPOB HA KOHEUHBIM Pe3yJIbTaT (MOTyUYCHHbIE U3 TIIacTa HePTh U ra3)

MOXHO TIOJIyYUTh TOJBKO B PE3yJbTAaTE MATEMATUUECKOro MoaenupoBaHud. K
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HACTOSIIIIEMY BpEMEHH pa3paboTaHO MHOXKECTBO MAaTEMaTUYECKUX MOJIENeH,
BBIYUCJIIUTCIIBHBIX AJITOPUTMOB U IIPOTPAMMHBIX KOMIIJICKCOB IJISA PA3JIMYHBIX 3aJ1a4
IMponccCoB (1)I/IJ'II>TpaHI/II/I B Ta30BbIX MW BOJOHOCHBLIX IlJIaCTax. Tem He MCHCC,
po0JeMbl pa3pabOTKH KOMITBIOTEPHBIX MOJIETICH, IMO3BOJIIONIMX HCCIECIOBATh U
IMPOTrHO3HUPOBATH CJIOJKHBIC ITPOLCCChI q)HHBTpaHI/II/I B IINTACTOBBIX CUCTEMAX, U3YUYCHBI
HEAOCTATOYHO IIOJIHO.
Annotatsiya

Vazifaning dolzarbligi suv toshqgini yordamida neft va gaz gazib olishni
jadallashtirish texnologiyalarini ishlab chigish va keng joriy etish bilan bog'liq. Bu
usul hozir dunyoning deyarli barcha neft va gaz qgazib oluvchi mintagalarida
go'llaniladi. Ushbu usulni go'llash bo'yicha to'plangan tajriba, shuningdek, nazariy
tadgigotlar shuni ko'rsatadiki, usulning samaradorligi ko'p jihatdan ob'ektni to'g'ri
tanlash va uni go'llash uchun mos texnologiyaga bog'lig. Shuning uchun ob'ektlar va
tegishli suv toshqgini texnologiyasini tanlash dolzarb ilmiy-texnikaviy vazifa bo'lib,
uni ushbu sohadagi nazariy yutuglar asosida hal qilish kerak. Amaliy gizigish
shundaki, neft va gaz Kkollektorining suv toshqgini paytida ko'p fazali ogim
dinamikasini bashorat qgilish, neft va gaz omborining 0'zi va suv omborini tarkibiy
elementlar sifatida 0'z ichiga oladi. Gazlangan suyuqlik harakat gilganda, rezervuarlar
odatda aralashma komponentining uch fazasini o'z ichiga oladi: neft, gaz va suv.
Bunday holda, biz ko'p fazali suyuglik ogimiga egamiz. Bunday vazifaning
murakkabligi, ko'p fazali filtrlash jarayonlarini hisoblash muammolari bilan birga,
geometriyaning ahamiyatsizligi bilan kuchayadi. Muhim omillarning  yakuniy
natijaga ta'siri to'g'risidagi eng ishonchli ma'lumotni (kollektordan olinadigan neft va
gaz) fagat matematik modellashtirish natijasida olish mumkin. Bugungi kunga gadar
gaz va suvli gatlamlarda filtratsiya jarayonlarining turli muammolari uchun ko'plab
matematik modellar, hisoblash algoritmlari va dasturiy ta'minot tizimlari ishlab
chigilgan. Shunga garamay, rezervuar tizimlarida murakkab filtrlash jarayonlarini
tekshirish va bashorat gilish imkonini beradigan kompyuter modellarini ishlab

chigish muammolari to'liq o'rganilmagan.
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Annotation

The relevance of the task is due to the development and widespread introduction
of technologies for intensifying oil and gas production using waterflooding. This
method is now used in almost all oil and gas producing regions of the world. The
accumulated experience of applying this method, as well as theoretical studies, show
that the effectiveness of the method largely depends on the correct choice of the
object and the appropriate technology for its application. Therefore, the choice of
objects and the appropriate waterflooding technology is an urgent scientific and
technical task, which should be solved on the basis of theoretical achievements in this
area. Of practical interest is the prediction of the dynamics of a multiphase flow in an
oil and gas reservoir during its flooding, which includes the oil and gas reservoir
itself and the water reservoir as constituent elements. When a carbonated liquid
moves, the reservoirs usually contain three phases of the mixture component: oil, gas,
and water. In this case, we have a multiphase fluid flow. The complexity of such a
task, along with the problems of calculating the processes of multiphase filtration, is
enhanced by the non-triviality of the geometry. The most reliable information about
the influence of significant factors on the final result (oil and gas obtained from the
reservoir) can only be obtained as a result of mathematical modeling. To date, many
mathematical models, computational algorithms and software systems have been
developed for various problems of filtration processes in gas and aquifers.
Nevertheless, the problems of developing computer models that make it possible to
investigate and predict complex filtration processes in reservoir systems have not
been fully studied.

KuaroueBbie cJioBa: BOAaQ, BBIYMCJIMTEIIbHBIN 9KCIIEPUMCHT, TIa3, MOJCIb,
MaTeMaTU4YECKOE MOJICIMPOBAHKUE, HACBHIIIIEHHOCTD,  HeTera3oBwlii IuIacT, (asa,

bunpTparys, YNCICHHBIA METO/I.

Kalit so'zlar: suv, hisoblash tajribasi, gaz, model, matematik modellashtirish,
to'yinganlik, neft va gaz kollektori, faza, filtrlash, ragamli usul.
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Key words: water, computational experiment, gas, model, mathematical

modeling, saturation, oil and gas reservoir, phase, filtration, numerical method.

Hnsa omnmcanus  (uIbTpaluu  HEPTETa30BOJAHOM CMECH  HCIOJIB3YyeTCs

CJIENYIOIMNA TOAXO0M: He(TEerasoBOJHYI0 CMECh NPEICTaBUM KakK Tpex(aszHylo
CHUCTEMY, COCTOSIIYIO M3 BOJSHOM, KOHIEHCATHOW M ra3oBoil ¢a3z. [Ipuyem Bomy u
HEe(Th CUMTAEM HEJIETYYUMH KUJKOCTAMH, Ta3 - paCTBOPUMBIM B KHUAKOCTIX. [Ipu
ATOM TIpeArnojaraercsd, 4Yro Boja - cMmauuBaromas ¢asza, HedTh HMEET
MIPOMEKYTOUHYIO CMAauMBaeMoOCTh, a ra3 - He cMmauuBawoomas ¢aza. [lmactoBbie
KUJKOCTH PACCMATPUBAIOTCA KAK pPACTBOP, COCTOSAIIMH U3 JBYX KOMIIOHEHT:
KUJKOCTH U Ta3 MPU CTaHJAPTHBIX HOPMAJIBHBIX yciaoBUsX. [Ipeanonaraercs Tak xe,
41O (QUIIOMABI B IUIACTE HAXOASATCS MPH MOCTOSHHOM TEMIIEpaType U B COCTOSHUU
TEPMOJIMHAMMUYECKOr0 paBHOBecHdA. 1Ipu Takux yclIOBHUSAX 3aBUCUMOCTB J1aBJICHUE -
o0beM - TeMrmeparypa MOXET ObITh TMPEACTaBICHa C TMOMOIIBI0 OOBEMHBIX
koddurmenTon [1]:
MatemaTtuueckas Mojenb MHOrodasHol ¢uIbTpaluu, KOrjJa YIJIeBOAOPOAHAs
CUCTEMA MOKET OBbITh aIlMPOKCMMUPOBAHA JBYMS KOMIIOHEHTAMH: HEJIETy4YUM
(KMIKOCTBIO) W JIeTy4uM (ra3oM), pacTBOPHUMBIM B KHAKUX (a3zax MOKHO
MPEACTABUTH BUJIE.

[IpeacTaBuM 3aBUCUMOCTH JIaBJIEHUE - O0BEM - TeMIIEpaTypa ¢ TOMOIIBIO 00BEMHBIX
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3aHATBIM  (a3oil o T[pU HOPMAJIbHBIX YCJIOBHSX; [VZl]Hy, [V31]Hy- 00BEMBI

PaCTBOPCHHOI'O I'a3a COOTBCTCTBCHHO B BOAC U HG(bTI/I B IINIACTOBBIX YCJIIOBHAX.
MaccooOmMmeH MCXKIAY IKHUIAKOCTAMM M TIda30M  YUYHUTBIBACTCA C  IIOMOIIBIO

KO2((PUITMEHTOB PACTBOPUMOCTH ra3a B )KUIKOCTIX

ML . ML
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[InoTHOCTH cba3 B INIACTOBBIX YCIIOBUAX OTHCCCHHBIC K INIOTHOCTAM B HOPMAJIbHBIX
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Tornga cucrema nuddepeHIManbHBIX YpPaBHEHUN OMUCHIBAIOIIUX (DUIBTpAIUIO

HeTera3oBoHON cMecH uMeeT Buj [2]

g{msl LMS,R, m83R3}

ot| B B B

1 2 3

21
2+l

ol mS, ‘ % 3
R

rjie: uHAeKchl 1, 2, 3 - COOTBETCTBYIOT rasy, Boje, n Hegru; S , B, Q_, (a=13) -

HACBIIIEHHOCTH, 00beMHBIC KOAXD(HUIIMEHTHI 1 CYMMAapHBIH MEOUT CKBAXXWH, M -
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K - aOcomorHas mnpoHumaemMocts miaacta; f, - oTHocurensHble (hazoBble
IPOHUI[AEMOCTH; |l - BS3KOCTb;, 7Y, - YIEIbHBIA Bec; P, - BEKTOpP (a30BbIX

JTaBJICHUU.

I[JI}I 3aMBIKAHUSA DTOU CUCTEMBI KPOMC€ BBITCKAIOIHX U3 OHpe,ZIGJIGHI/II‘;I COOTHOIIICHHUA
3

>s, =1,

a=1

Y 3aBUCUMOCTEN
fo = Fa(Sl’SZ’SS)
TpeOyeTcs 3HaHUE CIIOKHBIX MHOTONIAPAMETPUUYECKHUX 3aBUCUMOCTEM
B, =F,(P.S.,5,.53),

« =F,(p.5,,5,.S;),
R, =F,(p.S.,S,,S;).
Cucrema auddepeHunanbHbIX YpPaBHEHUH C 3aMBIKAIOIIMMU COOTHOILEHUSIMU U
COOTBETCTBYIOIIMMHU HAa4yalbHBIMU U TPAHUYHBIMU YCJIOBUAMH IPEICTABISIET COOOU
MaTEeMaTUYECKYIO0 MOJIENIb TPEXMEPHON (DUIIBTpaIUH.
[Ipempyiaraemass MaTeMaTH4ecKas MOJENIb IO3BOJSET HCCIEA0BAaTh  MPOLECCHI
MHOTO(a3HON (QUIbTpalMKM MPOUCXOIAIIME B HEPTEra3oBoM IUIacTa HPHU €ro
3aBOJIHEHHH C Y4YE€TOM Pa3jJM4HOIO PACHOJIOKEHHS CUCTEM HArHETaTeJIbHbIX U
TOOBIBAIOIINX CKBAKHH.
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