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AHHoTauusi. B pabore paccmarpuBaercs 3ajada OLEHKH HMPOAYKTUBHOCTH CKBaXXKMHBI B
YCIJIOBUSIX 30HAJIbHO-HEOAHOPOHOTO IJIaCTa € YYETOM BIMSIHUS THAPABINYECKOIO pa3pbiBa IJIacTa.
IIpemioxkena  aHanuTuyeckas  MoZedb  (QUIbTpAallMM, OCHOBaHHAs HAa  NIPEICTABICHUU
MPOAYKTUBHOIO IJIaCTa B BUJE KPYTOBOM 00JIaCTH, pa3/IeiEHHON Ha HECKOJIBKO 30H C Pa3IMYHBIMU
GWIBTPALMOHHO-EMKOCTHBIMU CBOMCTBaMHU. [l KaKIOM 30HBI YUMTBHIBAIOTCS WHIUBHyaJbHbIE
3HAUEHUs TPOHULIAEMOCTH IIPU TOCTOSIHHOM TonuuHe 1acta. IlomyueHo aHanmuTHyeckoe
BbIpaXeHUe 1711 Ko3(duimenTa npoJyKTUBHOCTH CKBAXKMHBI, ITO3BOJISAIOLIEE YUUTHIBATh BIMSIHUE
HEOJIHOPOJAHOCTH IPOHUIIAEMOCTH, FEOMETPUUYECKUX [1apaMETPOB CUCTEMBI U TPAHUYHBIX YCIOBUM.
IIpoBenén aHanu3 NOJYYEHHOM 3aBUCHUMOCTHM, IIOKa3aBIIMM, YTO IPU  ONPEACIEHHBIX
COOTHOILIEHUSX MapaMeTpOB BO3MOXHO YBEIMYEHHE [e0MTa CKBaXUHbl 110 CPaBHEHHUIO C
OJTHOPOJHBIM IIACTOM.

Oco0oe BHMMAaHME YJEJIEHO OLIEHKE BIMSHUSA IapaMeTPOB TPELIMHBI T'HApPOpa3pbiBa U
YIPYTUX CBONCTB CHCTEMBI «ILUTACT—(IIIOND» Ha XapaKTepPUCTHKU (DUIBTPALUU U MPOTYKTUBHOCTb.
VY CTaHOBJIEHO, YTO COIVIACOBAHUE MAapaMETPOB CHKUMAEMOCTH TPELIMHBI U YHPYTOCTH HMOPUCTON
cpezabl MPUBOJIUT K MAaKCUMAJIIbHOMY YBEIMUYCHHMIO KO3 UIMEeHTa NPOaYyKTUBHOCTHU. [lomydyeHHble
pe3yabTaThl MOTYT OBITH HCIIONB30BaHBI MPH MOACITHUPOBAHUU Pa3pabOTKH MHOTOILUIACTOBBIX
MECTOPOKICHMM, a TaK)Ke IIPU ONTUMHU3ALUU [IapaMETPOB TMAPABINYECKOrO pa3pbiBa IJIacTa Uil
MOBBILIEHUS HEPTEOTAAUN HU3KOIPOHUIIAEMBIX KOJUIEKTOPOB.

KiroueBblie cj10Ba: 1I1aCT, CKBAXHHA, HEPTh, TONIIMHA, KO3()OUIUEHT TPOHULIAEMOCTH.

Beenenue

IIpakTuka pa3paboTku MHOT'OIIJIACTOBBIX YIJIEBOJIOPOIHBIX MECTOPOKICHUN
CBUJETEIBCTBYET O TOM, YTO B IIPOLECCE OKCIULyaTallUM, Ha OCHOBE KOMIUIEKCHBIX
TUIPOJIMHAMUYECKUX U T€0JIOro-reo(pru3nueckux HCCIEIOBAHUN, yNaéTCsi BBIIEIUTH OTAEIbHBIE
YUYacCTKH IUIaCTOB C 6oJiee OJHOPOJIHBIM I€OJOIrMYECKHM CTPOCHUEM. AHAIN3 TEKYIEro COCTOSIHUS
pa3pabOTKM TakKMX 3ajie)kKe MOKa3blBaeT, YTO B OOJBIIMHCTBE CIy4yaeB JAHHBIE ILJIACTHI
XapaKTepU3yIOTCS. HU3KUMHU (QUIBTPAMOHHO-EMKOCTHBIMU CBOMCTBAMM, BKJIIOYAsl MOHM)KEHHYIO
IIOPUCTOCTh M IPOHUIAEMOCTb, 4YTO, B CBOK OYEpenb, IPUBOAWT K YBEIMYECHHUIO JIOJIH
TPYAHOU3BJIEKAEMBIX 3amacoB He(PTH. OTO CYIIECTBEHHO CHIDKaeT 0Oy 3(QeKTuBHOCTD
W3BJICYEHMS YTJIEBOJOPOJIOB M3 MHOIOIIACTOBBIX cucTeM. COBpeMEHHbIE HCCIIEOBaHMS IO
METOAAM CTUMYJISIUHM Pa3pabOoTKH HU3KOMPOHUIAEMbIX IJIACTOB MOKA3bIBAIOT, YTO THAPOPA3PHIB
4acTo MpUMEHSeTCsl B KOMOMHauuMu c JApyruMu TexHojorusmMu EOR, Bkitouas ycuIIEeHHYIO
MH)KEKIHIO BOJBl M TNPEAUHBEKIMH Ta30B, YTO CHOCOOCTBYET YBEJIMYEHHUIO HedTeoTAauud u
YIIyYILIEHUIO0 TEOMEXaHUUYECKUX YCIOBUN pa3paboTku [1-4].

B cBs13u ¢ aTUM, 1715 TOBBIIEHUS 3 (EKTUBHOCTH pa3pabOTKH HEPTIHBIX MECTOPOKACHUH,
Ha MPAKTHKE HIMPOKO MPUMEHSIOTCS pa3IMuHble TEXHOJIOTUH, HalpaBJIeHHbIE HA HHTEHCU(DUKAIIIO
U3BJICUEHUS] HE(PTH U3 HU3KOMPOHULAEMBIX U HU3KOMPOAYKTUBHBIX IU1acToB. OHUM M3 Hamboee
JEHCTBEHHBIX METOJ/IOB, CIIOCOOCTBYIONIMX YBEJIWYEHHIO HEPTEOTAAuu 3a CUET MHTEHCU(PUKALUU
BBITECHEHHS HE(TH U3 OPUCTOrO KOJUIEKTOpa, sBJsieTcs TuapopaspsiB miacta (I'PIT).

UccnenoBanusi W MpakTHKa TMPUMEHEHHsS THApaBiudeckoro paspeiBa mmiacta (['PII)
MOKa3bIBAIOT, YTO 3((EKT OT MpOoBEJeHUs TUAPOpa3pbiBa HEOJMHAKOBO MpPOSBISETCSs B padore
OTJENbHBIX CKBAXKUH, IO3TOMY HEOOXOJMMO paccMaTpUBaTh HE TOJIBKO MPUPOCT JeOUTa Kaxaou
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CKBa)KMHBI BCIIEJCTBHE TUIPOpa3pbiBa, HO M BIHUSIHHUE UX HHTepDEepeHINH, HEOJAHOPOAHOCTH
1acTa, JHEPreTUYECKUX BO3MOXKHOCTEH 00BbeKTa U Ipyrux (hakTopos [5-9].

Haubonee Bbicokas >(QpeKTUBHOCTh THAPABINYECKOrO pa3pbiBa IUIacTa OOECIeUMBAETCS
IpU KOMILJICKCHOM IMOJXOZ€ K NMPOEKTUPOBAHUIO, OCHOBAHHOM Ha ydeTe TakuX (PaKTOpPOB, Kak
MPOBOAMMOCTh IUIACTA, CHCTEMa PACCTaHOBKM CKBa)KMH, MEXaHHUKAa TPEIIMHBI, XapaKTePUCTUKU
KHUJKOCTU pas3pplBa M PACKIMHUBAIOLIEIO areHTa, TEXHOJOTMYECKUE U SKOHOMHUYECKHE
orpanuueHus. Jlns peanuzanuu  3TOr0 IMOAXO0Ja MOMHMO MOJEIe TpenrHooOpa3oBaHUSL
HEOOXOIMMO CO3JIaHHE MOAENeH (MIBTPAlMUd B CHCTEME CKBAXHH, NEPECEYCHHBIX TPEHIMHAMHU
TUIPOPa3phIBa, U3YUEHHE 0COOEHHOCTEN TeUeHUs (PIIIOUI0OB B OKPECTHOCTH TPEIIMHBI, B TOM YHCIIe
B HEOJHOPOJTHBIX M OOBOJHEHHBIX IuTacTax. IlosTOMy mpeacraBiseTcss akTyaabHBIM DPa3BUTHE
METOJIOB MaTeMaTHYeCKOr0 MOJCIUPOBAHMS THIPOJUHAMHYECKHX IPOLIECCOB pa3paboTKu
HE(PTIHBIX U TA30BBIX MECTOPOXKICHUI C IPUMEHEHUEM THAPABIMYECKOTO pa3pbiBa IJIacTa Ha Oaze
TEOPETHYECKUX HCCIEAOBAaHUN M COBPEMEHHBIX KOMIBIOTEPHBIX TexHojorui [1]. Takue paboThl,
KOTOpBIE  MOCBSILIEHBl K AHAIMTUYECKOMY TIOAXOAY K  BBIUMCIEHUIO Kod((uImenrta
MPOJYKTUBHOCTH CKB&KWHBI B IUIACTaX C HEOJAHOPOIHOW MPOHUIAEMOCTHIO, M OBbEIUHSIONIYIO
TC€OMETPHUIO CKBAXKMHBI, KOHTYPBI TUTaHUS U QUIBTPAIIMOHHBIC MTapaMeTphl. Takol MoaXxoa MOXKET
ObITh QJaNTUPOBAH MO HEOJHOPOAHBbIE IUTACTHI U SABISAETCS COBPEMEHHOHW aHamoruei
knaccndeckux Gopmyin PL. [1,2]

MartepuaJjbl 1 METOJBI.

B nocnennue roapl mpeaioxkeHbl MOAETH AJIs OLIEHKU IMPOAYKTHUBHOCTH MHOTOCTaJIMMHBIX U
rereporeHHbIx cucrem ckBaxkuH ¢ ['PII, yuutsiBaromue B3aumopeiicTBue (hIouUI0B, T€OMETPHIO
TPEILMH U HEOJHOPOIHBIE CBOICTBA KoJuleKTOpa [3-4].

Onenka 3¢ (heKTUBHOCTH THAPOPA3phIBA U MPOTHO3 MOBEACHUS TPEIIMH TpedyeT yuéTa Kak
r€OMEXaHUYECKUX CBOMCTB IMOPOJA, TaK U XapaKTEPUCTUK TPEUIMHHOM CETH, YTO OTPAXKEHO B
MOCIEAHUX MOJIEIX (PpaKkaOMIBHOCTH U pacpoCTpaHeHHsl TPEIIuH [5].

Takoil moxo/] MO3BOJISIET KOJUYECTBEHHO OLICHUTH BIIMSHUE 30HAJIbHOW HEOAHOPOJHOCTU
Ha TMPOJYKTUBHOCTb CKBaXHHBI M SBJISETCS OCHOBOM I MOCIEAYIOIIET0 MpPUMEHEHUs
AHATMTUYICCKUX W YUCICHHBIX MeTonoB mozaenupoBanus (CFD, FEM, finite difference, reservoir
simulation) TpEXMEpHOI CHUCTEMBI «CKBaKMHA—TpeUIMHA-TIIacT». BKiroueHne reoMexaHM4ecKHX
XapaKTepUCTUK M (QUIBTPALIMOHHBIX MapaMeTpoB KaxaoH 30HBI oOecnedynBaeT Oojee TOYHOE
MPOTHO3UpOBaHUE Ae0uTa U Kod(hPUIMEeHTa MPOAYKTHBHOCTH CKBAKUHBI B PEATBbHBIX YCIOBHUIX
pa3paboTKH.

PaccmarpuBaercst KpyroBod IUIacT, B LIEHTPE KOTOPOTO pacIoyioKeHa CKBakMHA. Cxema
MpeCTaBiIeHa Ha pucyHke 3.1.

[IponyKTUBHBIM TIUIACT COCTOMT K3 N HEOAMHAKOBO IPOHMIIAEMBIX 4YacTed, KOTOpbIE
MIPOHYMEPOBaHbI KaK MOKa3aHO Ha pucyHke 3.1.

Panuyc ckBakuHbI paBeH Y.. Jlis Hamiero ciydas n = S, T.€ KPyroBOM IJIAaCT COCTOUT U3 5
(msiTn) yactei (30H), cOOTBETCTBEHHO ¢ paauycamu Ry, R, R3, RyuRs. Ilpu stom RsuR,, T.e.
paauyc koHTypa nutanus (R,) COOTBETCTByeT K BHEIIHEH TpaHUIIe TIATON 30HE.

COOTBETCTBEHHO KaXJI0W yacTh (30HBI) TMacTa Kod()(UIMEHTH MPOHUIIAEMOCTH
obosnaunm yepe3 K, K,, Ks, K uKs. DddexrnBras tommuHa miacta paBHa hy u oHa paBHa BO
BCceX MATH 30Hax, T.e hy =h, =h; =h, =h; = hy. /laBnenus na 3a00e CKBaXWHBI U Ha
KOHTYpe NUTaHUs paBHbI cOOTBETCTBEHHO P u P,. [Ipeanonoxum, uro ecnu 6b1 paccMaTpuBaeMblii
IJ1aCT ObLT OZIHOPO/IHBIM, T.€ NPOHUI[AEMOCTH BO BCEX 30HAX MMEIOT OJIMHAKOBBIE 3HaUeHUs K p, TO

TP TOM K€ JIaBJICHUH Ha 3a00€ CKBAXHHBI P, , 1eOUT CKBOXUHBI, B YCIIOBUAX Koraa hy = const He
OyZeT OTJINYaThCs OT IeOUTa CKBAKHHBI B HEOJJHOPOIHOM ILIACTE, €CIIM Ha KOHTYPE MUTAHUS OyIeT

yCTaHaBJIUBATHCS JIaBJICHUS p/ , KOTOpO€ He paBHO BenuuuHe Py, T.e Plf # Py [8-16].
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KOoHTyp HedTeHOCHOCTH

\ hy hy hs hs hs
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=
v

PI/IcyHOK 1. Cxema PpacIioJIOKEHU A 30HBI C paanquﬁ MIPOHUITACMOCTBIO KPYTOBOT'O IJIaACTa

Torna 3aBUCUMOCTh MEXY A€OUTOM ( M (PUKTUBHBIM JIABJIEHUEM Ha KOHTYpPE MUTAHUS Plf
oTpezensieTcs Mo cienyomiei Gpopmyre:
R

/_p ___4 Rk
b, —F. = P—— * [n o (D)

JlaBiienue B J11000H TouKe 1epBoii 30HbI (P ) MOXKET OBITH HAalICHO 1O Takol hopmyIre:
R
P =P, ——1—xinXk Q)

Ecan Ob1 mpoHHITaEMOCTh BOOOPa)Ka€MOTO OJTHOPOJHOTO IIACTa XapaKTepU30BaIaCh OBI
koddduimeHToM mnpoHunaeMoctu K,, To A MONy4eHUs TOro K€ caMoro JeOuTa ( CKBaKUHBI
CJemoBao0 Obl YCTAHOBMTH HAa KOHTypE NMHTaHUS 00JacTH HOBOE JaBieHWe Py B m0060H TOuKe
BTOPOI1 30HBI HEOJTHOPOIHOTO TIIACTA BBIPAXKATIOCH OBI IO ciexytomiei Gpopmye.

P =P ——1—xInk (3)
27TK1*hH RZ
Ha rpamumme pasgena 308 1 u 2 [jiacToBoe MJaBieHHE OAWHAKoBO, T,e P’ =P’

cieoBarebHO U3 ypasHeHuid (3.2) u (3.3) moayuum 3aBrucuMOCTh Mexay P v Py ciemyromiero
BHJIA:
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P, — P} = — (i—i)*lnﬁ

ZTL'*hH Kl Kz R1

“4)

[TogoOHO 3TOMY, M3 YCIOBHI Ha rpaHuIle paszena 30H Ne 2 u 3 BBITEKaeT CIEAYIOIIee
PaBEHCTBO:

1 1 R

P]él _ 12” — a (_ _ _) * ln_k’ (5)
Zﬂ*hH Kz K3 Rz

U TaK JaJIeC I10 BCEM OCTaJIbHBIM 30HaM. Ecan YUUThIBAThH, YTO B O6H.[CM cjIydac, mjaacTt CoCTOUT U3

n
n 30H " PIE )- AaBJICHUEC Ha BHCIIHEM KOHTYPC B006pa}KaeMOFO OJHOPOAHOIO IlIaCTa C

n-1
koaddunmenTom mnponunaemoctu K, PIE ). JaBJICHHE Ha KOHTYpE OJHOPOJHOrO IuUlacTa ¢

koa¢dunmenTom npoununaemoctu Ky, _ 1, To paBeHcTBO (3.5) MpUHUMAET CIIEeTYIOMINA BUI:

PPt pp = (S — ) 6)

2mxhy \Kn—1 Kn Rp-1

HanucaB Bce «n ...» paBeHCTB IpuBEAEHHOro THma (3.6) U CIOXKUB BCE ATH PABEHCTBA,
Haiizem Py:

Pe=P— (2= =) xInE (7

2m*+hy Kn-1 Kyn

Haiinennoe 3nauenue Py, mojcraBuB B ypaBHenue (3.7), momydum (GoOpMyiy Ui ONpeaesICHUsS
neburta CKBaKUHBI () 30HAIBHO-HEOJHOPOJHOTO KPYTOBOTO MJIACTa!

nKn—Kn-1_,. Pk
1Kn+*Kn—1 = Py

1= lnﬂH(lZ
¢
Pe3yabTaTbl. AHAIN3UPYS NOIYUYEHHYIO (POPMYITy MOKHO KOHCTaTHPOBATh O TOM, YTO €CIIH
3HaYeHUN CyMMbI B 3HaMeHaTelle OyJeT OTpHIaTelbHa, TO JAEOUT CKBaKMHBI OyjaeT OoJblie 1o
CPaBHEHHMIO C 1€0MTOM CKBa)KUHBI B OJJHOPOJHOM IIJIacTe.
W3 nonydyeHHoll — Qopmynbl  BHUIAHO, UYTO KOI(DPUIMEHT NTPOAYKTUBHOCTH  JUIS
paccMaTpuBaeMoOro BapuaHTa, T.€ 30HAJIbHO-HEOJHOPOJHOTO KPYrOBOT'O IJIACTa UMEET BUJL:

27TK1 hn

Rk nKn—-Kn-1_, Pk ©)
ne. +K1 X1 K +Kn—1 *lnPl

Knpog = z

Paccmotpum uacTHbIN ciydaid. IlpeamonokuM, 4To Iuiact UMeeT ABE 30HBI, T.e n=2. Torxaa
dopmyna (3.9) umeer Bua:

_ ZTL'thn
KHPO,Z[ - lnR—k+K1(K2_K1>l Ry, (10)
¢

KjK1 E

Wnu nocie HEeKOTOporo rnpeodpa3zoBaHus MOTYUHM

_ ZTTthn
KHPO[[ - lnﬂﬁ-(KZ_Kl)lnﬂ (11)

K2 R1

¢

Ecnu nnact 6y,Z[CT COCTOATH U3 TPEX 30H, TO (bopMyna UMECT CJ'IC,Z[YIOH_II/Iﬁ BUO:
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2nK1h
Knpox = — 1hn (12)
k., (K2—-K Ri  (K3—-K Ry
it (B it (552 it

Tenepr paccMOTpUM BapHaHT, Korzaa oOpa3zoBajlachk BEpTUKaJIbHAs TPELMHA (PUCYHOK 3.2).

BepTukanbHas TpeuwmHa

/Beprm(anbuan TpeuwmHa
L7 i T

Rk hH

x
=
v

Pucynok 3.2. Cxema pacnoJioskeHa BepTHKAJIbHON TPEUIUHBI B 30HAJbHO HEOJHOPOAHOM
njacre

Hcnone3yss BBIMIEU3NOKEHHBIM METOAUYECKHI MOAXOA Juisl ciay4das oO0pa3oBaHUA
BEPTUKAIBHOW TPEIIUHBI B JIBYX30HHOM HEOJHOPOJHOM IUIacTe KOI(PPUIMEHT MPOAYKTHBHOCTH
MO3KHO OIPENeIUTh M0 cleAyromei popmyne:

_ 27TK1hT
KHPOZ[.Tp - Ry . (K2—K1i1p 9% (1 3)
In—+ T lna

e

Ecnu 30Ha ¢ pa3nu4HON MPOHUIIAEMOCTBIO COCTOUT M3 TPEX Y4acTKOB, TO KOA(PPHUIHEHT
MPOJYKTUBHOCTH JJIsl BEPTUKAIBHOMN TPEIIMHBI OyAET ONpeeaThcs Mo caeayouieil popmyre:

_ ZTL'thT
Knpogrp = Ri, K2—K1_Tp)lnR_k+(K3—K2)lnR_k (14)
Y Ko Rq K3 R>

Torma ko3p@UIMEHT NTPOTYKTHBHOCTH JUIS IMOPOBOTO MPOCTPAHCTBA ILIacTa C JBYMS
30HAaMM HCOJHOPOAHOCTHU IIPpU HAIUYNHN BepTI/IKaIII)HOI\/’I TPCIIHUHBI 6y21€T OIpPECACIIATBCA 110
crenyromen popmyie:

_ ZT[Kl.l'lOp(hH_hT)
Kl'lF‘O[[.nop - ln&+<K2_K1'Tp)ln& (15)
K2 Rq

¢
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Ecniu mmact cocrout u3 Tpex 30H, TO KO3PPUIMEHT MNPOIYKTUBHOCTH MOPOBOIO
MPOCTPAHCTBA OYJET OMPENEISATHCS 10 CleAyotel hopMmyiie:

_ 27K nop(hyy—hr)
Knpos.nop = lnR_k+(K2—K1_H0p)lnR_k+(K3 Kz)m& (16)
e K2 Rq K3 R2

OO6muii kod3(hPUIHUEHT I IBYX-30HHOTO HEOJHOPOJHOIO IJIACTa MPOAYKTUBHOCTH OyIeT
OIpeAeNATHCS 1O cienytoueit popmyre:

K _ ZnKl.nop(hH_hT) 21Ky mphr (17)
MMPOJ.mop — ~ R K2—-K R R K2—-K R
A.nop ln_k.l_(ﬂ)m_k m-h(ﬂ)m—k
Yc Kz R1 Yc K R1

HJ'ISI TPEX30HHOI'O HCOAHOPOAHOI'O IJIACTA:

K06Lu _ Z”Kl.nop(hﬂ hy) 27[Kl.'rphT ( 1 8)

- +
npoz.3 Ry (KZ‘Kl.nop) Rk . (K3—-K2\, Rk R Ky—Kq R Ko—K R
n—k4 In—%4 In== k -Tp k 3 "2 k

e e i )ing; lnqc+( K, )I"R1+( K )I"Rz

Torna K03(1)(1)I/II_II/ICHT, HOK8.3BIB8.I-OH_II/II71 YBCIIMYUCHUC ITPOAYKTUBHOCTH IJIaCTa JJIA:
-ABYX-30HHOI'O HCOJHOPOAHOT'O IJIaCTa UMECT BHU:

ZnKl.nop(hH - hT) + ZNKl.TphT
iR 4 Ko ~ Kinop B Ry Ko — Kimp in e
4, K, R, q K, R,
AK,,, = =
mp-2 2K h,

g+ (P ) ingt

Rk, (¥2= Rk (K2=K1),, Rk
_Kl.nop(hH_hT)[lqu—c ( K )ln— K1,Tph1~[ln¥ ( K )lnR—1 . (19)
Ry, (K2—Kinop), Rj Ry (Kz—Kl.nop) Ry’
thH[lnqC +(—K2 )lan thﬂ[lnqc+ G lnR—1

-TPEX-30HHOT'O HECOAHOPOJHOTO IJIaCTa UMECT BU!:

Fua ol (S s (Sl

Ry Kz—K1.nop Rk Ks — K\, R
Kt [in 5+ (Fggeetint + (o) int

AKnp.z

Kiz7he [zni—’; (KZK2 )lnR—1 +(K3K3 )lnR_k

i (20)

Rg KZ—Kl-Tp) k., (K3—Kz Rk]
thﬂ[znqc+( KZ lnR1+( - )lnR2

Jns  um3ydeHuss  Xapakrepa  M3MEHEHUS  Kod(D(dUIMEeHTa  NPOAYKTUBHOCTH  IpH
CYILIECTBOBAHMM JIBYX M TPEX 30H HEOJHOPOJHOCTH B YCIIOBUSX BO3HUKHOBEHHUS BEPTHKAIbHOMN
TPELIUHbI, A Cilydas KpyroBOro IulacTa ObUI NMPOW3BENEH THUAPOJMHAMUYECKHH pacueT mnpu
CJIEYIOIINX UCXOJHBIX JTaHHbBIX:

+
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k1 =0,017-10"?M?; k2=0,21-10"'2 M?; k3 =0,09-10"12 m?;
Kirp=1,7-10"12 M%; K1nop==0,021-10"12 m?;

hy=15M; hp=7 Mm;

R1=150m; R>=350Mm; Re=500mMm;

1—=0,01mMm.

Pe3ysbTaThl PacueToB IPEACTABICHBI B BUJE TPAHUILL 3aBUCUMOCTH U3MEHEHHUS AKppos OT

Kinph .

ﬁ JUISL IBYX M TPEX 30H HEOJHOPOJHOCTENM Ha PUCYHKE 3.3.

1tn

Kak BuHO U3 pucyHKa 3.2, C yBeIMUEHHEM IIPOU3BEICHHH MapameTpoB Ky ., * hy, pacrer

1 3Ha4eHne Kod(p(HUIUeHTa NpoayKTUBHOCTU 30HAJIBHO-HEOAHOPOIHOIO KPyroBoro miacra. Ilpu

3TOM CJIELyeT OTMETHTh C YBEIMYEHUEM Pa3IMYHBIX 30H C PA3HBIMU CTENEHAMHU HEOIHOPOIHOCTH,
CHMXXACT YBCIMYCHUC NPOAYKTHUBHOCTHU I1JIaCTaA.

AKq,

20

AK,,
15 & /

/
10 /
2R
s /

10 15 20 25 30 35

o
!

(%]

Pucynok 3.3. 3aBucumocts usmenenust AK,, oT cooTHomenus %‘i;p

BriBoasbl

1. Y3 nony4yeHHBIX pe3yJbTaTOB BUIHO, YTO U3MEHEHHE KOA(PPHUIMEHTa MPOAYKTUBHOCTH
CKBOXMHBI B OCHOBHOM ONpEJENsieTcs BEIMYMHOM mapaMerpa CKMUMAEeMOCTH TpPELIUH, 4YTO
00yCJIOBIMBAET YYyBCTBUTEIBHOCTh (HIBTPALMOHHO-EMKOCTHBIX CBOWCTB IUIacTa K H3MEHEHUIO
HaIpPsHDKEHHOTO COCTOSIHMSA.

2.Cnenyer 0co00 OTMETHTbH, YTO Ha CTENEHb U3MEHEHHs MPOAYKTUBHOCTH B IpH3a00itHON
30HE IJIacTa 3HAYUTEIbHOE BIUSHUE OKA3bIBAET AEOUT CKBaKUHBI, KOTOPBIA ONpeaenseT TMHAMUKY
nepepacnpe/iesieHns JaBlIeHus U, Kak ClIe/ICTBUE, 3(PPEKTUBHOCTD TPEHUPOBAHHUS.

3.YCTaHOBIIEHO, UTO COBMECTHOE BIMSIHUE C)KUMAEMOCTH TPELIMH M PEKMMA dKCILTyaTalun
CKBKMHBI (neOuTa) HOCUT HEIMHEWHBIN XapakTep, 4YTO HEOOXOJHMMO YYUTHIBATH IpHU
MHTEpHpETaly pe3yIbTaTOB THAPOJNHAMHUYECKUX HCCIEIOBAaHUN M MOIECTUPOBAHUU pa3pabOTKU
MECTOPOXKIACHUM.

4.IlpakTrueckas 3HAYMMOCTh MPOBEAEHHOIO MCCIEAOBAHUS 3aKJIIOYAETCS B BO3MOXHOCTHU
ONTUMHU3ALMNU PEKUMOB pabOThl CKBAKUH C YUETOM T€OMEXaHUYECKUX XapaKTEPUCTHK IIacTa, 4To
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MO3BOJISIET TOBBICUTH UX MPOJYKTUBHOCTh U CHU3UTH PUCKU MPEKAECBPEMEHHOTO OOBOJHEHUS WU
Jerpajanuy KOJUIEKTOPCKUX CBOMCTB.

5.IlonydeHHble pe3ylnbTaThl MOTYT OBITb HCIHOJB30BAaHbl IPH NPOECKTHUPOBAHUH U
KOPPEKTUPOBKE  CHUCTEM  pa3pabOTKH  MECTOPOXKICHUM, B TOM 4YHCIE€ B  YCIOBHSX
CJI0KHOIIOCTPOCHHBIX TPEIIUHOBATHIX KOJUIEKTOPOB.
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CHANGES IN THE PRODUCTIVITY OF A CIRCULAR FORMATION UNDER
CONDITIONS OF ZONAL HETEROGENEITY

Bissembayeva K.", Hadiyeva A.
Yessenov University, Aktau, Kazakhstan
e-mail: karlygash.bissembayeva@yu.edu.kz, hadieva albina@mail.ru

Abstract. The paper discusses the task of evaluating well productivity in a zone-
heterogeneous formation, taking into account the effect of hydraulic fracturing of the formation. An
analytical model of filtration is proposed, based on the representation of a productive formation in
the form of a circular region divided into several zones with different filtration and reservoir
properties. For each zone, individual permeability values are taken into account for a constant
formation thickness. An analytical expression was obtained for the well productivity index, which
allows taking into account the influence of permeability heterogeneity, geometric parameters of the
system and boundary conditions. The resulting relationship was analyzed, which showed that with
certain ratios of parameters, an increase in well production rate is possible compared to a
homogeneous formation.

Particular attention is paid to assessing the impact of fracture parameters and elastic
properties of the formation-fluid system on filtration characteristics and productivity. It was found
that matching the parameters of compressibility of the crack and elasticity of the porous medium
leads to a maximum increase in the productivity coefficient. The obtained results can be used in
modeling the development of multilayer fields, as well as in optimizing the parameters of hydraulic
fracturing to increase oil recovery of low-permeability reservoirs.

Keywords. formation, well, oil, thickness, permeability coefficient.

ANMAKTBIK BIPTEKCI3IK )KAF JAVBIHIAFBI LIEHBEPJII KABATTBIH
OHIMILIITTHIH O3TEPYI

K.T.BucemobaeBa“, A. Xaauena
EcenoB ynuBepcurerti, Akray, Kasakcran
e-mail: karlygash.bissembayeva@yu.edu.kz, hadieva albina@mail.ru

AngaTrna. byn KyMmbIcTa TUApPABIMKAIBIK >Kapy 9CEpIH €CKEpe OTBIPBIN, alMaKThIK-
OipTekci3 KabaT »aFJaiibIHIAFbl YHFBIMAHbIH OHIMAUIIIH Oaranay Moceneci KapacThIpbIIFaH.
OHiMIi KabaT TypakThl KaJbIHJBIK >KaFJdalblHIA CY3TUNK-CHIMBIMIBUIBIK KaCcHETTepl opTypii
OipHele aiiMakka OeJliHIeH HeHO0epl 00JIbIC TYPIH/E YCHIHBIIFAH CY3Y MPOIECIHIH aHAINTHKAIIBIK
MOJIeJII YCHIHBUIABI. OpOip ailMak YIIiH OTKI3TIMTIKTIH KEKe MOHJAEPl eCKepuIal. OTKI3TIMTIK
O1pTeKCI3IriHiH, )KYHEeHIH FreOMETPHUSUIIBIK apaMeTPIIEPiHiH JKOHE IIEeKapalIblK MapTTap/blH dCepiH
€cerKe allyFa MYMKIHIK OepeTiH YHFbIMaHbIH OHIMIUTK KO3(QUIMEHTIHIH aHAIUTUKAJIBIK ©PHET]
albIHABL.  AJBIHFAH — TOYEJJUIIKKE Talfay OKYprisunim, mapaMmerpiepiid  Oenrimi  6ip
apakaTbIHacTapelHIa OIpTeKTlI KalOaTmeH CcalbICThIpFaHAa YHFbIMA JEOUTIHIH apTybl MYMKIH
€KEHJIIT1 KOpCeTUIII.

['uapaBnuKaNbIK JKapy KapbiFbl MapaMeTpJEpiHiH KoHE «KabaT—dmona» KyHeciHIH
CepHiMLIIK KACHETTEPiHIH CY3y cHIIaTTaMallapbl MEH OHIMLTIKKE ocepiH OaraiayFa epeKIie Hazap
aynapbulibl. JKapbhIKTBIH CHIFBIMAATFBIIITHIK MapamMeTpiiepl MEH KEYeKTI OpTaHbIH CEepPHIMALIIK
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KacHeTTepl ©3apa YVHJIECKeH JKaFjaaiga eHIMAUTIK KO3(PQUIMEHTIHIH €H JKOFapbl apTyhbl
OaliKanmaTbIHBl AHBIKTANIBL. AJIBIHFAH HOTIDKENEpAl KOemKabaTThl KEH OpBIHAApBIH Urepyi
MOJICNIbJICYIC, COHJai-aK TOMEH OTKI3TIITI KOJUICKTOPJApAblH MYHAHOEpTilTITiH  apTThIPY
MaKcaThIH/1a TUPABIMKAIIBIK JKapy MapaMeTpiepiH OHTalIaHIbIpy/a KoJdlaHyFa 00a bl

Tyiiin ce3nep. Kabart, yarpiMa, MyHal, KaJabIHIBIK, OTKI3TIIITIK KOA(P(UIIMEHTI.
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