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AHHOTauusi: Makonana HepTHU CypHO YMKAPHII KapaéHUHU KOMITIOTEP1a MOAEIUIAIITH PULLL
MyaMMOCHra KyJJIaHWITaH X0Ja UKKU (a3anu GuibTpaius Macagacuaa TYHHHIaHIuK QyHKIUACH
KUAMaTJIapiHU aHMKJIAIl COHJIM yCysl €plaMuja amalira omupuil O0a€H STWIraH Ba JacTypuil
TAbMHMHOT UIUIA0 yuKWiIrad. Taxkiud 3THIraH anropuTMIIAPHUHT aMajiiil KyJUlall HaTHKajdapu XaM
KeJITUPUJITaH.
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auupmanap, xaxrcmutl mesuux, Hegpmo depuut Kodghguyuenmu, Jlapcu KOHYHU.

Abstract: The article describes the implementation of the oil pumping process using the finite
method of determining the saturation function valuyes in the issuye of two-phase filtration, appliyed
to the problem of computer modeling, and the software has beyen developed. The results of the
practical application of the proposed algorithms are also pretsented.

Keywords: Two-phase filtration, process, mathematic model, pressure, finite difference, oil
recovery coyefficiyent, Darcy’s law.

B cmamve onucana peanusayusa npoyecca nepekauxu negpmu ¢ UCNOIb308AHUEM KOHEYHO2O0
Memooa onpeoeNeHuss 3HAYeHUll (QYHKYuU HacvlyeHus 6 3adave 08yxghaznou duibmpayuu,
NPUMEHEHHO20 K 3a0aye KOMNbIOMEPHO20 MOOEIUPOSAHUs, U pa3pabomano NpocpAMMHOe
obecneuenue. Takoce npeocmasienvl pe3yibmamol NPAKMULECKO20 NPUMEHEHUS. NPeOlOHCEHHBIX
an2opummos.

Kurouessle ciioBa: J/[ByxdazoBas puiabTpaius, mporecc, MaTeMaTHIecKasi MOJIEIb, TaBJICHHE,
KOHEYHasl pa3HOCTh, Ko GuimeHT Hedreornaun, 3akon [lapcu.

X0o3Upru KyHAa Mypakka® TEeXHOJOIMK JKapaéHJIapHH KOMIIBIOTEpJa MaTeMaTHK
MOJCIUIAIITUPUII YCYJIM OWJIaH YpraHuil 3aMOHAaBMH Ba HMCTUKOOUM yCyn xucobOmanamu. Ly
KymiaznaH, HeTh Ba ra3Hu Ka3zuO ONIMII KapaéHIApUHU ONTHMAUTAIITHPHUIN TEXHOJIOTUSsIIAPUHU
Ha3apuil KUXaTAaH acocialija XaM KOMIBIOTEp €plaMuaa MaTeMaTHK MOJCIUIAIITUPHUIL MYXUM
axamusT KacO staau. by ycyn épaamuna KoHlap mapamMeTpilapUHUHT TypJid KUAMaTiapuaa Kyn
BapUAHTIM XUCOOIANUIAp YTKA3WINO, KapaéHHU MyKamMmall YpraHWIl UIMKOHHSITHHU Oepuiaav Ba
TaJIKUKOTJIap HUCOATaH KaM XapakaTiau OyiaIu.

Maskyp wMakonaga WKKA (asaid CH3UII KapaéHJIapuHU KOMIIIOTEpJa MaTeMaTHK
MOJICJUTAIITAPHII YCYIHAa TAIKUK ITHIITA MYJDKAUIAHTaH MaTeMaTHK Ba JACTypId TabMHUHOT
UIDIad YUKWITaH. SlpaTuiran MaTeMaTHK Ba JACTYPJId TABMUHOT EpaMuia HeTHU CyB €K1 OOIIKa
CYIOKJIMK OWJIaH cypu0 YMKapHIl kapaéHIapuHH TaJKUK STUILI IMKOHUATH Naiiio 6ynau.

I. Uxku ¢dazanu puabTpanms MacaJaCHHUHT KYHWJINIIM Ba MaTeMaTUK Moesu. Mkkura
CYIOKJIMKHHUHT OMprajlvkaari xapakatuaa gazanapaaru 6ocummuap Py Ba P,, ymymaHn onrasja, y3apo
TeHT Oymmaiinu. ®a3zaBuii 6ocumitap opacuaaru Gapk Kanuwisap 6ocuM GyHKIHICH 1e0 aTamyBYH
Py, dynkmms Ounan TaBcudaanaau| 1-4]:

Py—P; = Py(s) . (1)
Kanwmistp 6ocum GyHKIuscH Taxpuba YTKaszum ycynu OwmiaH ¢aszanap TYHHHTaHIMKIAPUHUHT
(GyHKIUSACH KYPUHHUIINAA aHUKJIAHAM, UKKU (a3anu GUIbTpaus Macaianapuia

P,—P, = P,(s) =ym/k -6 -cosO-](s), (2)
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Oy epia s — MacaljlaH, UKKUHYH, Xaii1oBuM (pa3a TYHUHTaHIUTH QYHKIUACH, kK — FOBaK MyXUTHUHT
YTKa3zyBUaHINK KOO(PGUIMEHTH, 6 — CYIOKIUK Ba )KMHC OpacuJard CTaTUK yerapaBuil Oypyak, & —
CHPT TapaHrJauru ko3 duimentu, J(s) — Taxpuda YTKa3uI ycyinu OujlaH aHUKIaHaaurad Jlepepert
GYHKIUSCH.

Kyn ¢azanu puibrpanus macananapuia xap Oup ¢asaHUHT XapakaT TEHIJamacu cudaruaa

Oup KUHCIH CYIOKJIUK (UIBTpaLUsLAa aHUKJIAHTaH Kyiunaru Jlapcu KOHYHH acoc KWIHO OJMHAIM:

W =—k/u-(0p/ox — pg), 3)
Oy epna W, u, p Ba p —MOC paBullia, OUp KUHCIU CYIOKIUKHUHT XaXMUM Te3IUTH, KOBYIIKOKJIUTH,
00CUMHU Ba 3UWINTH, k — FOBaK MYXUTHHHT Iy CYIOKJIMKKA HUCOATaH YTKa3yBUaHINTH, X — (a30BHil
y3rapyBud, g - 9pKuH Tymum te3nanumu. Kyn ¢aszanu ¢unsrpanus xapaéHiapuHU MaTeMaTHK
MOJISJUTAIITUPHII YCyJIn Omtan Taakuk dtuiiaa (3) Jdapcu KoHyHU Ky ha3aiyd OKUM YUyH y €Ku Oy
KYpUHUIIIA yMyMIAIITHPUIad. AManuéTaa Ky HIUIaTWIaIUraH yMyMJallTUpULIUIapaH Oupu
ymoy

Wi =—ki/ui-(0pi—pig), i =12 “4)

KypuHumira sra, oy epaga W;, p;, p; Ba p; — Moc paBulAa, [ — (a3aHUHT XaKMHHA TE3JIHTH,
KOBYIIKOKJIUTH, 00CHUMU Ba 3UYJIMTH, K; — FOBAaK MYXUTHHUHT [ — ¢a3zara HHUcOaTaH YTKa3yBUAHIUTH,
(azaBuii yTrazyBuaHIuK QyHKUMsAcH aeinnanu. Onatna f; = k;/k mynocabar opkanu f; HucOmii
dazaBuil yTKa3zyBUaHIMK (pyHKCHIAACH TYIIYHYaCcH KUPUTHIAAM Ba (4) XapakaT TEHIJIaMacu

Wi =—k/u;* fi- (0pi/0x — pig) (5)
KypuHuira kenaau, oy epra 0 < f; <1, i = 1,2.

(3) Hapcu koHyHH KT (pa3aiy OKUM YUyH YMYMIAIITUPHIMIIMHIHT UKKHHYHY EHIOMIyBHAA

- (hazaHUHT Xapakar TeHryiamacu cudaruaa

W; = —k/p; - (0pi/9x — pig) — Gj, (6)
TeHrnama Kabyn kununaau, Oy epna i,j = 1,2; j # i, G; — j—(pasaHunr xapakaT4aHIuru GyHKIUsACH
nedunanm. G; GyHKOMSA FOBAK MyXUTHHHI OUP KUCMH j—OMIIaH STaJUIaHTaHIMIM yIyH [—(hasaHuHr
XQKMUHN TE3NMUTH MUKAOD KUXATAaH KaMalUIINHUA aKC STTUPAIIH.

(4) xapakaT TeHrinamacuaan GoiaaraHuiITal a HUICOUM (a3aBuil YTKa3yBUAHIUK (QYHKIUSICH
KHPUTHIITAHJIEK, (6) XapakaT TeHrnamacuaa ¢poinananumranna g; = G;/W mynocabar opkanu j —
¢dazanuHr HUCOMH (azaBull XapakaT4aHIUMK (QYHKIHMACH TYIIyHYaCHHH KHPHUTHO, Xapakat
TEHIJIAMACUHU YOy

Wi =—k/u; - @pi/0x — pig) —g;* W (7)
KYypUHHIIA €310 OIMI MyMKHH, Oy epra W — ukku (a3zanu CyIOKIMKHHUHT KaMU XaXMUN TE3JIUTH,
i,j=12, j#i.W =W; + W, myHocabaTtHu xucoOra oiraH xonsa, (7) XxapakaT TeHIJlaMalapyuHu
dazaBuii Xxaxxmuit Teznukiaap W, Ba W, ra HucOaTtaH TeHrjIamaiap cuctemacu aeb kapad, yau W, Ba
W, napra HucGaTaH e4u0 ojcak, XapakaT TEHIJIaMalapy CUCTeMacH yuoy
Wy =—-((1+91)/(1+9g1+92) k/pg - (0p1/0x — p1g) + (g2/ (1 + 91 + g2))
k/uz - (0p2/0x — p2g) ®)

Wy =(g1/(A+ g1+ 92)) " k/p1 - (0p1/9x — p1g) — (1 + 92)/ (1 + g1 + g2))
“k/pz - (Op2/0x — p29)
KYPUHUILHU OJIA]IH.

(4) xapakatr TeHrinamacuaa ¢aszaBuil yTKazyBuamnwk k;, i = 1,2 dynkmmsimapu éku (5)
Xapakar TeHraMacuia Hucoui ¢azaBuii yTkazyBuaHiuK f;, i = 1,2 ¢yHKuusapu taxpuodanapias
AHUKJIAHUIM Kabu, (6) xapakaT TeHrIaMacugara a3aBuii xapakaTdaniauk G;, i = 1,2
byskuusmapu €k (7) xapakaT TEHIVIaMacuaard HUcOwWi QasaBuii XapakaTdyaHiauk g;, { = 1,2
byHKIMsIapUHU YIna TaxkpuOa HaTHKajJapulaH aHUKJIAl MyMKUH. Maxkonaaa HucOuii daszaBuil
Xapakatdaniuk g, (s) Ba g,(s) oyHkuwmsuapuau HuCOMiA (haszaBuii yTkazyBuanmuk f;(s) Ba f,(s)
byHKIMIIapH OpKaIu

91(8) = po - [1 = (]/[f1(s) + ko " f2(s)], )
92(8) = [1 = fi()]/[f1(s) + 1o * f2(5)]

KYpUHHIILIATH U OoJaal MyMKAHIATH KYpCaTHITaH.
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[yHra >pTHOOp KapaTHIII JIO3UMKH, (8) XapakaT TeHIJIamMajapuaa Xap oup i—daszara “y3uHUHT
6ocumu” rpamueHtn O0p;/0x <0,i = 1,2 wirapu xapakaTJIaHTHPYBYH TabCHP 3TaiH, OOIIKa
(azanuur rpaguentu dp;/0x <0, j = 1,2,j # i ocaTeckapu XapakaTiaHyB4Yu TabCcUp dTaau. by
xoJart (8) XxapakaT TeHIJIaManapu UKKHU (azanu GuiisTpanus xKapaéHUHUHT MEXaHUK Ma3MyHUTa MOC
KEJHUIIUHU KypcaTaiu.

®dazaBuii Oocumnap p; Ba p, opacumaru (1) myHocabarnman dQoiinananu0, (8) xapakat
TeHIJIaMaJlAPHHH
Wy = [14g1(s) —po* 2/ + o) - W — k/(uy + 2) * 0 () - 9s/9x — b(s) - gW, =
{to " [1+ g2(8)] = g1 ()Y/ (X + o) W + k/ (s + p2) * pi (s) - 0s/9x + b(s) - g (10)
KypuHHIILIa €310 onun MyMKUH. By epra

W = —(k/py + k/pz) [ (5) - 22 — (k /p1y) [ eo(s) - 2 (11)

Kyn ¢dazanu dunbTpanus xapaéHIapuHUHT MaTeMaTUK MOJEJUIAPUHU KypHUIIJIa, XyCycaH
WKKH (azanu GrutbTpanus xapaéauaa GazaJapHUHT XapakaT TeHTJIaMajlapy Ouiad Oup KaTopaa xap
Oup i—(azaHuHT Maccacu CakJIaHUIIN KOHYHH JacTinaOku MyHocabaTiap XucobaaHamn

m-ds;/0t + dW,/ox =0,
{m +ds,/0t + oW, /0x =0
(1) mynocabar ypunnu 6ynrannuru cadadnm, (12) cucrema TeHramanapu XaaMa — Xaja KyIIuica,
oW, +W,)/0x =0 éxu oW /dx =0 &K
A[(k/py + k/u1) /Wy - 0p,/0x + (k/py) /Wy - Opi(s)/9x — da(s) - g] = 0. (13)
MyHocabar kenn6 unkagu. (13) — myHocabat ukkuHuM ¢aza 6ocumMu P, QyHKIUATa HUCOATaH
TeHTJIaMa 110 KaOysl KUIUHAIH.

(10) cuctemanuHT UKKUHYM TeHTTIaMacura W, dazaBuii xaxxmimm te3muruHuHr (10) udogacuaum

Kyino, ukkuH4M pazanuHr S, (X, t) = s(x,t) TyluHraHmK QyHKIUACHTa HUCOATAH
m-0ds/ot + d[p(s) - W]/dx = d[a(s) - ds/0x + b(s) g]/dx =0 (14)
TeHrJ1amMa Xocui Oynaau.

Mynnaii kunuo, ukku hazanu GuabTparms KapaHIapUHIHT MATEMATUK MOJEITHIa HOMabllyM
¢yHKIUsUIap cudartnaa uKKuaaK hasanuHr 6ocumu P, (X, t) Ba TyiiuaTanmury S (X, t) QyHKIUsIIapU
KaOyJn KuimHca, 0y ¢pyHkuumsutapra aucoaras (13) - (14) Tenrnamanap cuctemMacu Xocui 0ymam.

I1. Homabjaym TYHMHTaHJIMK GYHKIMSACH YYYH YerapaBuil MAPTIAPHU IIAKUIAHTHP UIIL.
®apas kunainuk, x = 0 Hykrana Iy xaiinoBun Kyayk, x = L Hykraga sca Iy Heprb GepyBun (€xku
dolinananyBun) KyIayK *xoinamran O0yicuH. XaigoBuu Kyaykna dakar (Hedt OepyBun KatiamaaH
HedT dazaHu Cypud UMKapyBUH) CyB (hazacu Xainanaérran OyicuH Ba Oy (ha3aHUHT X)KMUH TE3THTU
W ra tenr 6yncun. by ¢u3ukaBuii mapTHUHT MaTeMaTHK udoaacu (§) Xxapakat TEHIIIaMacH acocuaa
maKJIaHTupuinanu [3-4]:

W |r, = [p(s)- W — a(s) - ds/0x + b(s) - g] | 1, = W (15)
By epma ¢@(s), a(s), Ba b(s) dyukuusmap (13), (14) bopmynanap Ounan anuxnanras. (15)
myHocabatman  S(x,t) ¢yHkmusa yuyH x = 0 HykTaga (XalqoBud KyAyKaa) KyHHIIaguraH
yerapaBuil IIapT aHUKJIAHATH:

[p(s) - W —a(s) - 9s/dx + b(s) - gl | r, =W (16)

(12)

EKH
(05/0%) | xoo = [~[1 = @(s)] - W/a(s) + b(s)/a(s) - g1 | x=o (17)

Yerapapwuii mapt ymoy
Wy | xer = [0(s) - W —a(s) - 8s / 0x + b(s) - g1 | x=1, =
92(8)/[91(8) + g2(s) - W] |(’i

i
L=

KYpPUHHUILTA KeJIay Ba
[p(s) W —a(s) - ds / 0x + b(s) - g1 | x=r = 92(5)/[91(5) + g2(5) W1 | x=1 (19)
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IIAapTHU U3aHaéTrad S(x,t) TYHUHraHiuk QYHKUMACH y4yH X = L HyKTajaru yerapaBuil mapt
ne0 Kapail MyMKHH Ba YHH yIIOy

@5/9%) | e, = {0(5) = 92(5)/[91(8) + ga () /a(s) - W + b(s)/a(s) g | o (20)
KYpUHUILIra Kearupca 0ynaau.

ITII. HedptHu cypnd 4YMKapui XKapa¢HJIAPHMHUHI MAaTEMATHK MOJE/UVIADUHU COHJIH
amMajira OIIMPUII ycyJJjapu Ba ajropurumwiapu. Tyiuarannuk ¢yskouscu s(x,t) HHUHT
TakcuMoTH ymiOy (14) TeHriiama OunaH TaBcudiaHaIm.

(14) TeHrnamaHuHT €YUMU
D={0<x<L;0<t<T} (21)
coxaja u3NaHau.
[Tapabomuk tungaru (14) TeHraama yuyyH OOIUIaHFUY MAPT KyHHIIa Iy,
s(x,0) = Yo (x), (22)
Oy epma  Yo(x) — Gepwiran dynkims. M3nanaérran s(x,t) TyiiuHrawnuk QyHKuscu yayn D
coxaHuHr 4ar yerapacuzga (x = 0) (15) mapTt xyiuiras.
(14) muddepenunan TeHraamaza XyCycuil XOCHIaJapHU YeKJIM aiupmManap HucOatu OuiaH
anmamtupwin6, (14) nuddepeHnman TEHrIaMaHW aANNPOKCHMAIMSIOBUM YEKIH aiupMaiu
TEHIJIAMaHHU XOCHJI KUJIaMU3:

m- S{H_Slj +W- ‘P{+1/2_ (p{‘l/z —
= [a{+1/2 (s —s))/Bx—aly, < (s] - sL)/Ax|/ax + +b] - g, (23)

oyepma j=0,1,..M—-1; i=12,...,N—1.

Arap HoMabnyMm  S(x,t) GYHKUMSHUHT KMAMaTIapu j —KaTjiaM TyTyHjapuaa Oepuirax
Oynca éxu aHUKJIaHTaH OYiica, (23) TeHrmamanan ¢oigananud Oy GyHkustHUHT (j+1)—KaTaamaaru
TyryHJIapaa xucobnaca 0ymanu. Xakukara, (23) TeHrnamanu ymoy

JHL_ W A (T )

S[ - S[ m Ax ((pi+1/2 (pi—l/z) + (24)
AT ) . . S AL

+—- ai+1/2 (sl —sH/ax — ai—l/z -(s] - Sij_l)/Ax]/Ax +— b] - g

KypuHHIIa €310 onuHca, Oy (24) MmyHocabat sl.j i
j=01,...M-1; i=12,..,N—1.
(24) dopmyna opkanmu s(x,t) (yHKIMSHUHT KUAMATIapUHU HCTAITaH BaKT MOMEHTHJA

TYT'YHJIapJa XucoOiam MyMKHH.

KUMMaTHU XUcoOuIall alropuTUMUHYN Oepaiu,

Jj+1

Yan yerapaBuil 1ApT aCOCKIA Sy~ HM KyWUJard KYPUHUILAA aHUKJIaHAIHU:
st =sg 422 (1- go{/z) Wtaf, - (s] - s/Ax]. j=01,..,M -1 25)
Vur yerapaBui WapT acocuaa sl{,ﬂ HU KyWHJaru KypUHUIIAA aHUKJIAHAIN:
swt=sh =2 {|92(s8)/[a1(s3) + g2(s0)] — 0 (5], /2)] W —a(s!, -
(sl{, - s,{,_l)/Ax}, (26)

IV. Kapaénnu xucodiam aacTypuii TABMHHOTH Ba XHCO0JAII HATHKAJIAPH TaxXJIMJIM.
Su(x,t) Ba S.(x,t) pyHKUMIIAD KMUMATIAPUHU TYP TYTYHJIapUaa X|coOan gactypu l-pacMuaa
kentupwirad. by gacrypnan xam kypuHUO TypuOIuKH, Ma3Kyp MacalaHd KOMITIOTEpla €4MII
JacTypH MOAyJUIapAaH Tamkun tonrad. fiy (Ss), fs(Ss), g1(Ss), 92(Ss), 9(Ss), J(Ss), J'(Ss), Pi(Ss),
Pr(Ss) Ba a(Ss) OyHKUMSsIapHUHT KUAMATIapUHU XUCOOJANl WINIapHd TETHILTH MOJAYJUIap -
HOCTaHAAPT QYHKIMsIIAp TOMOHKUIAH Oaxapunaau. C++ Bywmnaep 6 MyxuTua Ty3WITad JacTypiu
TAbMHMHOT/Aa He(T Ba ra3 KaTiaMH mapameTpiapu (m-FOBaKJIMK KOh(GULIUEHTH, k- YTKa3yBUaHIUK
kodpdunmentn), ¢azamap mapamerpiapu (U, HMUs -TAHAMUK KOBYIIKOKJIMK) OOIIJIaHFHY
napamerpiap cudaTtuaa aHWKIaHTaH [2]. YJIapHUHT KUAMaTIapWHA OCOH Y3rapTHUpHO, Ky
BapUAHTIIN XUCOOIAIUIAPHY YTKA3UII MYMKHH.
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1-xanBan
Xuco0aam HATHKAJIAPH

X 0 1 2 3 4 5 6 7 8 9
t=200 | 0,654 | 0,646 | 0,639 | 0,632 | 0,625 | 0,618 | 0,612 | 0,606 | 0,602 | 0,598
t=400 | 0,669 | 0,663 | 0,658 | 0,653 | 0,649 | 0,644 | 0,640 | 0,636 | 0,634 | 0,632
t=800 | 0,683 | 0,680 | 0,676 | 0,673 | 0,671 | 0,668 | 0,667 | 0,664 | 0,662 | 0,661

KommproTepna yTkaswiran xpcoOmam Taxpubamapu C++ bywmngep 6 myxuruma unuiabd
YUKWITAH JAaCTypHUHI UILIAi OJMIIMHU HaMOWHUII STAM. XucoOnam Taxpubaaapu HaTHXKalapu
FOBaK MyXUTJa UKKHU (azamu GuibTpauus xapaCHIapHUHT Y €Ki Oy MaTeMaTHK MOJIENH IoMpacuia
KOMIIBIOTEPJIa MOJCIUTAIITUPUIITA MYJDKAUIAHTAaH JACTypuil TabMUHOTHU WILIad ymkuina C++
JACTypJIall TUWIMHU aMaJMi KyJUIAHUIIUHU KyPCATIH.

V. Xyaoca. bup ymauoBnu HedTHM CypuO UMKapuil >KapaéHUHH KOMIIBIOTEp/A
MOJICJUTAIITUPHIT OYiin4ya XucoOnam TaXKpUOAJIapUHUHT HATHXalapu HePTHH CypuO YHKaApHII
Oyiinua TaOMM TaXKpUOAIAPHUHT MAbiyM HaTHXaJlapura Moc Kemaau, Oy 3ca KYypuO YHMKUITaH
MaTeMaTUK MOJEIN, yCYJ, alTOPUTMIIAP, KOMIbIOTepAa HEPTHH CypHO UYMKAPHII Kapa&HIapuHU
MOJICJUTAIITAPHII Ba TEXHOJIOTUK KYpCATKUWIAPHHW OamopaT KWJIUII Y9yH HIUIA0 YUKUJITaH
JacTypuil TABMUHOT KYJUIAHUIIM MyMKHH JIeTaH XyJioca KWIUIIra IMKOH Oepaau
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