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KorogeBsie ciroBa: B mocienHee BpeMA HeOOXOAMMO OTMETUTH MPHCYTCTBHE HEraTUBHOI AMHAMHKU IO yXYAIIEHHIO CTPYKTYPHI 3allacOB BHOBB
J1e6UT rOPU30HTAJIBHO CKBaXUHBI, OTKPBITBIX MECTOPOX/EHHi, 1 yxe GoJblasg yacTh MOCJAEAHUX KIaccUpUIUpyeTcs KaK TPyAHOM3BJIeKaeMble, TIPUYPOUYEHHbIE K
JIMHeHHas GUIbTpanus, 30Ha 3aJiexaM CO CJIOXKHBIM TeOJIOTMYeCKMM CTPOeHHEM, HHU3KOH NPOHMIaeMOCTBIO, BBICOKOH BA3KOCTbIO He(TH, OCJIOKHEHHBIE
JIpeHNpPOBaHUS, HaJINYMEeM Pa3jIOMOB, aKTHBHBIX IIOJJOLIBEHHBIX BOA U a30BBIX LIATOK.

TpyJHOU3BJIEKaeMble Pa36ypuBaHue TPYyAHOM3BJIEKAEMbIX 3aIlaCOB MECTOPOXIEHHII IPOUCXOAUT FOPU3OHTATIBHBIMU CKBaXUHAMU. DTO 06YCJIOBJIEHO B
MeCTOPOX/IeHH, aHAJIUTHYEeCKH1e NepByl0 o4yepejb TeM, YTO MMEHHO TOPM3OHTaJIbHBIE CKBAXHHBI IO3BOJIAIOT MHOTOKPATHO YBEJIMYUTH IJIOmaab (IIIbTpany
pacyeTsl, IPUTOK ¢Iionja. dimonna 3a cuer BospacTaHuA 06J1aCTH JPeHUPOBaHUs, 61arojapsa O6GIMPHOMY KOHTAKTy FOPM30HTAIBHOTO y4acTKa CKBAXHHBI

C TMOPOAOH, T03BOJIAA MHOTOKPATHO YBEJIMYUTD JeOUT CKBAXKUHEI.

OGo01ias BhIIlIECKa3aHHOE, TOPHU30HTAJIBHbIE CKBKMHBI IPUMEHSIOT I Pa3paboTK MECTOPOXAEHHIT CO CIIEAYIOMIMY [TapaMeTpaMu:
MECTOPOXXJIEHUsI C TOHKOW He(hTeHACHI]EHHON OTOpPOuKOi (o 15 M), ¢ ra3oBOil INANKON M MOJOUIBEHHOH BOJON; MECTOPOXIEHNA
TsDKesI0i HeTH, ¢ BA3KOCTHIO 6osiee 30 MITa-c; MECTOPOX/IEHHA ¢ HU3KOI MPOHMIIAEMOCTBIO KoJuiekTopa (MeHee 0,002 MkM?).

B maHHBIX yCiioBMsAX (rusTpaipsa ¢umonfa He MOXET ObITh OMKCAHA JIMHEMHBIM 3aKOHOM Jlapcu. B yCJIOBHSAX CyLIeCTBOBaHHSA
BBICOKOBSI3KOH He(TH M HU3KOINPOHMIIAEMOro KOJUIEKTOpa OIlpefiesiAeTcs HeKWii HayasJbHBIE IpaJleHT JaBJieHHs, 0OyCJIOBJIEHHBII
PeOJIOrMYeCKUMU  CBOMCTBAMH (DUJIBTPYIOLIEHCA XUJKOCTH M BBICOKMMH 3HAueHUAMH Koa(duireHTa MNOBEPXHOCTHOTO TpeHUA. B
YCJIOBUAX TOHKOHM He(TAHOH OTOPOYKHM U IOBBIIIEHHOro ra3oBoro (akropa HabIIOAAI0TCA TpejiesIbHble CKOPOCTH (PrUIbTpaIyu 3a cueT
peXxrMa pacTBOPEHHOrO rasa, 1 MPUTOK (oK ONMCHIBAETCS HEJIMHEHBIM 3aKOHOM.

OfHUMM M3 OCHOBHBIX [apaMeTpOB IIPH COCTaBJIEHUU TEeXHHUKO-3KOHOMUYECKOH OLIEHKU 3ajieXH sBJiAeTCA AeOHT KakZoH
OTJeJIbHO B3ATOH TOPU3OHTAJIBHOM CKBAXWMHBL AHaJIUTHYECKHMe MeTOJbl pacyera Je6UTa TOPU3OHTAJIBHOM CKBaXUHBI
MOKa3bIBAIOT BBHICOKYI0 MOTPEIIHOCTh. IIpejiaraercsi mo-HOBOMY B3IJIAHYTh Ha MPOGJIEMy ONpefiesieHHsA NMPOTHO3HOro aebura
TOPU30HTAJIbHO CKBAXMHBI, HCIIOJIb3Ysl N3BECTHBIE MOAXO/bI K PEIeHNI0 JAHHOTO BOIpOCca.

JIOBOJIBHO ~ 3aTPyJHUTEJIbHO JAOCTOBEPHO INPOTHO3MPOBATh MAapaMeTphl SKCIUIyaTaluy 3aJieXeil: IPOU3BOAUTEJIBHOCTh
TOPU3OHTAJIbHBIX CKBAXHH, IOJIyYeHHas IPU IIOMOLIM COBPEMEHHBIX T'MPOJUHAMHYECKUX CTHMYJIATOPOB, OKa3bIBaeTCsA
HE/IOCTOBEPHOM, YTO B KOHEYHOM HTOTe NPHUBOJUT K (POPMHUPOBAHMIO HENOCTATOYHO PAIMIOHAJIBHON CHUCTEMBI pa3paboTKU, U
BO3HUKAIOI[MEe OCJIOXHEHUA NpPU SKCIUIyaTallid B MIPOMBICJIOBBIX YCJIOBUAX MPUXOAWTCA YCTPAHATh 3a CYET 3HAYUTEJIBHBIX
06beMOB MaTepHUasbHBIX U TPYJAOBBIX pecypcoB. TakuMm o6pa3oM, pa3paboTKa MeTOAMK, CIOCOOCTBYIOLIMX IOJIyYeHUI0
JOCTOBEPHOTO pacyeTa JOOBIUH, ABJIAETCA aKTyaJIbHOH 3afadell HepTeqoOBIBaOIEll OTPaCIIU.

Keywords: Recently, it is necessary to note the presence of negative dynamics in the deterioration of the reserves structure for newly
horizontal well flow rate, linear discovered fields, and most of the them are classified as hard-to-recover, confined to deposits with a complex geological
filtration, drainage zone, hard-to- structure, low permeability, high oil viscosity, complicated by the presence of faults, active bottom waters and gas caps.

recover fields, analytical Hard-to-recover reserves are drilled with horizontal wells. This is primarily because horizontal wells make it possible to multiply
calculations, fluid inflow. the area of fluid filtration due to the increase in the drainage area, due to the extensive contact of the horizontal well section

with the rock, allowing to increase the well flow rate many times over.

Summarizing the above, horizontal wells are used to develop fields with the following parameters: fields with a thin oil-
saturated rim (up to 15 m), with a gas cap and bottom water; fields of heavy oil, with a viscosity of more than 30 mPas; fields
with low reservoir permeability (less than 0.002 um?).

Under these conditions, linear Darcy’s law cannot describe fluid filtration. Under the conditions of high-viscosity oil and low-
permeability reservoir existence, a certain initial pressure gradient is determined, due to the rheological properties of the
filtering fluid and high values of the surface friction coefficient. Under conditions of a thin oil rim and an increased gas factor,
the limiting filtration rates due to the dissolved gas regime are observed, and a nonlinear law describes the fluid inflow.

One of the main parameters in the preparation of the technical and economic assessment of the reservoir is the flow rate of
each individual horizontal well. Analytical methods for calculating the horizontal well flow rate show a high error. It is
proposed to take a fresh look at the problem of determining the predicted flow rate of a horizontal well, using well-known
approaches for solving this issue.

It is rather difficult to reliably predict the parameters of reservoir operation: the horizontal wells productivity obtained with the
help of modern hydrodynamic stimulators turns out to be unreliable, which leads to the formation of an insufficiently rational
development system. And the arising complications during operation in field conditions have to be eliminated due to significant
volumes of material and labor resources. Thus, the development of methods that contribute to obtaining a reliable calculation of
production is an urgent task for the oil industry.
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HEAPOMOJIb3OBAHUE

BBepgeHue

MogenupoBaHue TeueHuN Gron 0B BOJIN3U
TOPU30HTAJIBHBIX CKBAXWUH SABJIAETCS IOBOJIBHO CJIOXKHOI
3ajaueil. JlaA KOppeKTHOro orobpaxeHUsA mHpoljecca
dunpTpanuyu He06XOOUMO B TEPBYI0 OuYepenhb IMOJIyYUTh
GopMyJibl, afleKBaTHO OIMKCHIBAIOIINE MPOLECCHl TeUeHUs
BOJIM3U KOHKPETHOM CKBaXWHBIL.

BonpocoM nocTpoeHrs MofieJiel TeueHYs B IPUCKBAXXUHHOU
obslacTy BIUIOTHYI0 3aHMMasici D.W Peaceman [1, 2]. B ero
paboTax TpeqmoJiarajioch, YTO TEYEHHWE B IPUICKBAXKUHHON
objacTd  CTpPOro paAuajbHOE, BBOAUTCS  IIOHATHE
«3hdeKTUBHOro» paauyca CKBaXWUHBL. [laBjieHHe Ha 3aboe
CKBaXWHBl 3aMeHsAeTcA «3Q(EeKTUBHBIM» JaBJICHUEM,
KOTOpOE€  COOTBEeTCTByeT «3hGEKTUBHOMY»  paauycy.
Opnako B paborax [1, 2] GbUia MokazaHa HeNPUMEHUMOCTh
pacuetHoii Metonuku D.W. Peaceman /111 IpaKTUKU.

WnTepecHpl NoAaxod K MOAEJUPOBaHUI0 GUIIbTpaLU
BOJIM3M T'OPM3OHTAJIBHBIX CKBAKUH OBUT IpefjioxkeH B paboTax
D.K. Babu [3, 4]. B aTuX HCCIEAOBAaHMAX pacCMaTpUBaach
3a/1a4a JyId IJIacTa B LIeJIoM, 1 He ObUTO IIPUBA3KY K CKBaXKMHE.

U D.W Peaceman, u D.K. Babu cBou Teopuu
OCHOBBIBAJIU Ha JIMHEHMHOM 3akoHe ¢uibTpanuu [apcu,
OMHAKO [AaHHBIA 3akoH (UJIbTpAIMA TPUMEHUM JJis
onpefesieHHOro Auana3oHa CKOPOCTeH.

OI1eHKON  MPOU3BOAUTEJBHOCTHM  T'OPU30OHTAJIbHBIX
CKBaXXUH 3aHUMAaJIMCh Takue ydeHble, Kak: A.M. I'puropsan
[5], B.II. MunarosBckuii [6-8], II.1. IlomyGapuHoBa-
Kouuna [9], JI.C. JleiiGenson [10], B.II. Tabakos [11-14],
10.I1. Bopucos [15], L.P. Stockman [16], F.M. Giger [17, 18],
S.D. Joshi [19, 20], G.I. Renard, J.M. Dupuy [21, 22],
D.K. Babu [3, 4], B.B Illepemer [23] u gp. [24-45].
Bo Bcex paboTax 6pUIM cAeJIaHbI CIeyIole JOMyIeHUs:

1) niacT cyuTascsa U30TPOIHBIM (B HEKOTOPHIX CITydasix
BBOJAMJIACh BepTUKaJIbHAsA aHU30TPONNA);

2) njacTtoBas XKUAKOCTh Iojarajiach HecXXHMaeMoUl C
MIOCTOSTHHOU BA3KOCTHIO;

3) bunpTpanusa Quonga MNOAYMHAETCA JIMHEHHOMY
3akoHy ¢puibTpanuu Japcu;

4) HedTAHAA 3aJieXb MPENCTaBsAET COOON KpPYTrOBOM
LWIMHAP C MOCTOAHHON BBICOTO C €CTEeCTBEHHBIM PeXNMOM
MATaHUS;

5) pexum ¢uIbTpanuy CTallOHAPHBIN;

6) TpeHUe B CKBaXXVHE HE YUYUTHIBAETCS.

JI711 BO3MOXHOCTU OTAEJIBHOIO ydyeTa NMpuToka Gronaa
JUIA OIeHKM NpUTOKa (Uuonga B CTBOJI TOPU30HTAJIBHOM
CKBXUHBI peajlbHOr0 MecTopoxaeHus (c MHOrogasHbIM
TeueHreM) aBTOPHI UCTOJIB3YIOT IONPAaBKYy Ha OTHOCUTEJIHHYIO
¢azoByr0 IPOHUIIAEMOCTb )1 KaXI0r0 (QIIora B OTAe/IbBHOCTH.

OnpeneneHue ne6uTta ropu3oHTanbLHOM
CKBaXWHbI, CAMMETPUYHO PacrnosioXeHHOMN
OTHOCUTENbLHO KPOBNU U NOAOWBLI NfacTa

INepBonauasnsHO FO.I1. Bopucos u B.II. TabGakos [11-15]
chopMyspoBasin  Tepe  co0Oil  CJIEAYIOMIYIO — 3a/auvy:
Tpe6GOBaJIOCh ONMpPEeNeUTh JeOHUT FOPU30HTAIBHONU CKBAXKUHEI
JUIMHON [, pacIoJIOKEeHHONM B IUIACTE TOJIIOUHON /1
CHMMETPUYHO OTHOCUTEJIFHO KPOBJIA U TOMAOIIBH ILIacTa
(puc. 1), KOHTYp NWUTaHUA CKBOXUHBI HMeeT paguyc R,
JaBjieHWe Ha KOHType muraHusa — F,; C abCOII0THOU
MPOHUI[AEMOCTBI0 ITacTa &, AWHAMUYecKas BA3KOCTh
JPEHNpPYEMOH XUIOKOCTU |l, [aBjieHHe Ha 3a00e CKBAXKHHBI
P,, npuBeNeHHBI pandyC CKBaAXWHBI ;. COrjlacHO uX

WUCCJTIEIOBAaHUAM,  JEOMT  TOPU3OHTAJBHONU  CKBaXKUHBI
BhIpakaeTcsi GOpMyJIOH:
P .-P
= 2TT];]I iR ef 7 w . (1)
K In—¢ +=In
L L 2rr,

\ / II 30Ha
hi2 I 30Ha

| i h

h o R :
l 1

h/2 / \ h-h,
| R,

Puc. 1. Cxema pacnoJioxeHnss CUMMETPHUYHOI'O CTBOJIa
FOpH3OHTaJ'IbHOﬁ CKBaXWHBI 110 TOJIIIUHE IJ1aCTa

C ¢usuueckoil TOYKM 3peHUs IIepBoe cJiaraeMoe B

3HaMeHaTeJle  OTpaXaeT  BHellHee  (PUIIBTPALIOHHOE
COTNPOTHBJIEHNE, BTOPOE — BHYTPEHHee COMPOTHBIIEHUE
cKBaxuHHL [JlaHHas ¢opMysia OCHOBaHA Ha MPeAIOJIOXKEHUH,
YTO  KOHTYp MNWTAaHUSA TOPU3OHTAJIBHON  CKBaXKUHBI

IIpeArioJIaraeTcsl KPyroBeIM U He 3aBUCUT OT ee JJIVHEL

C yuerom Toro, yro F.M. Giger [17, 18] BbIOBUHYJ
MIpeANoJIoKeHNe, COIJIACHO KOTOPOMY KOHTYp NUTaHUA
TOPU30HTAJIBHON CKBaXWHBI HOCUT 3JUIUIICOOOpPA3HBIH, a
He KPYrOBOM XapakTep, OH IpeJCTaBUJ CcBOIO (opmyty
ns  pacyera JebuTa TOPU3OHTAJIBHON CKBaXHWHH B
crenyomeM BUe:

2nkh P -P
_ TCB . ef W2 , 2
H 1+1-(L/2R,) 4 &
In +=In
L/2R, L 2mr,

rae R, — pa3Mep OOJIBIIOLN MOJIyOCH 3JUIHIICA, IIPeACTaBIIAIOIIeH
KOHTYP MUTaHUSL.

S.D. Joshi [19, 20] mpenmnosioxXui, 4YTO eCTh OOJIbINAS
TIOJIyOCh 3JUTAIICA, aHAJIOTMYHOTO IO IUIOIAM KPYTY C PaiilycoM
JIpeHUpoBaHusA R, U MOJIy4W cjlefiyiollee BEIpaKeHue:

2nkh P -P
== Lo NE)
H a+\/az—(l,/2) h h
n————+=In—
L/2 L 2r,

1+,/1+4 2R,/ L : 4
e - 2f{ ( )}

— 3TO0 0oJIbIIas NOJIyoCh 3JUIAICA.

Ja anmsorponHoro miacta S.D. Joshi [19, 20] 6siia
mpejyioxkeHa cieAyiomas dopMysa Ui onpefesieHus
nebuTa ropu30HTAIBHON CKBAXUHBL

2nk h P -P
"5 = . ©
a+,a —(L/2 2
e T I 1 .
L/2 L 2r,

rne B=./(k, / k,) — xoadduruent anusorponuu; k, -
HPOHHULAEMOCTb ILJIACTa B TOPU30HTAJIBHOM HaIpaBJIeHUU;
k, — TpoHNIIaeMOCTb 110 BEPTHKAIIH.

B pa6orax G.I. Renard, J.M. Dupuy [19, 20] 6ru1a
HpesioXeHa ciefyoolas dbopMmysa s pacdera gebuTa
TOPU30HTAJIBHON CKBaXKHHBI:

_ 2nkh P,.-P

B arcch(x)+£1n h
L 2mr,

(6

rae x=2a/L, a napametp a BeluncisAeTcs mo dopmyse (4).
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Jls yueTa aHM30TpONMY OHU Takke BBes B hopMyJty (6)
mapameTp aHu3oTponuu miacta B=(k/k,)

2nk h P.-P
= Br : < B B]] ) (7)
H arcch(x)+—In——
L anw

rae 1, = (1+PB)r,/2p.

CrieryeT OTMeTUTh, 4To dopmysisl (1)-(4) u (6) MOXHO
MPUMEHATh U B CJIyyae aHW3OTPOMHBIX IIJIACTOB, €CJIU
BBITIOJIHAIOTCA cJleayromie ycaosusa [11-15]:

e yIMHA CKBaXWHBI MHOI'O OOJIbllle TOJIIMHBI IJIacTa
(L>>h),

® [T0JIOBMHA AJIHBI TOPU30HTAJIBHON CKBAXUHBI MEHBIIIE,
yeM 90 % ot paauyca KoHTypa nutanus (L/2<0,9R,),

e [UIHA CKBaXWMHBI OOJIbIIe Mpom3BeAeHrsa KoagduipieHTa
aHM30TPOINY Ha TOIUHY Iu1acta (L>BA).

U.A. Yapuwii [24] npepsnoxus cienyioumyno (Gopmyty
B cCJlyyae, KOT[Aa TOPU3OHTAJIbHBIA CTBOJI CKBa)XUHBI
pAacIojiokeH CUMMETPUYHO OTHOCUTEJIBHO KPOBJIM U
MOIOIIBHI [MOJI0OCO00PA3HOTro IIacTa:

2rkL(P, - P)
Q= L w ®
2nH h
uB +In
h 2nr,

rfie k — TNpOHUI[AeMOCTh IUIACTA; /1 — TOJINMHA IUIACTa;
I, — paguyCc CKBaXuHb; P,, P, — naBjeHUsA Ha KOHType
NMUTaHUA W Ha 3aboe CKBaXWHB; | — BA3KOCTb HedTH;
L - gyHa CKBaXWHBI; H — paccTOsAHME OT CKBAXHUHBI A0
rpaHULIBI IJ1acTa.

Jebut HedTH rOPU30HTAIBHON CKBAXKUHBI, CUMMETPUYHO
PAacIIoJIOKEHHOY OTHOCUTEJIBHO KPOBJIU U TOJIOLIBHI ILIACTA,

coryiacHo [24, 25] onpepnenseTcs cieayiOIM BEIpaXKeHEM:

2nkLAP 1
Q= , 9)
uB 2r 2r R, —(h-2r)
1+—% In—w |+ — —w-
h-2r, A 2h

- P

w

roe B — o6vemHbill koadpdunueHt HedTu; AP=P,,
nepenaj AaBJIEHUA.

AM. IupepasH [25], DOMOJHUB yCI0BUA 331a4ul JBYMs
yCJIOBUAMU: OfAHA rpaHunia R, = R,, HeNpoHUIIaeMa U
BEpTUKaJIbHAsA KOMIIOHEHTa CKOPOCTH ¥, = 0, a BTOpad rpaHuIia
R, = R, npoHUI]aeMa u }IaBJ'IEHI/Ie Ha TNPOHUIAEMON
IPaHUIIE PABHO P,., TOJIyYuJI cleqylollee ypaBHEHHE:

2nkL(P, — P,
0= T, 5 , (10)
uB 2nH+ln 4 +lln 2
h 2nr, 2 n(2a-r,)
1—COST

Ile 4 — PacCTOSIHUE OT OCU TOPU30HTAJIBHOIO CTBOJIA [0
KpOBJI. [Ipy CUIMMETPUYHOM PACIOJI0KEHUN TOPU30HTAJIBHOTO
CTBOJIA TI0 TOJIIMHE @ = /2.

B ocuoBHom WU.A. Yapssiii [24] u A.M. [lupBepasH
[25] 3aHmMMasnuch MccaeqOBaHUAMM IIPUTOKA XHUJKOCTU K
TOPU30HTAJIbHBIM CKBa)XXWHaM, PACIIOJIO)KEHHBIM UMEHHO B
MOJIOCOOOpa3HOM  3aJieXHy, COOTBETCTBEHHO pe3yJIbTaT
pacueta O6yIeT CylecTBeHHO Hike (paKTIIecKoro.

OnpepgeneHve ae6uTta ropus3oHTanNnbLHOM
CKBaXXUHbI, pacnonoXXeHHOW aCUMMeTPUYHO
OTHOCUTENbHO KPOBMM U NOAOLIBLI NnacTta

B pa6orax 3.C. Anuesa, B.B. bongapenko, B.E. ComoBa,
u B.B. Illepemera [23, 26, 27] paccmarpuBajiach
TOPU30HTAJIbHAS CKBaXXUHA, MMOJTHOCTHIO BCKPHIBIIASA IJIACT.

hi2 D, e A

il o

2 h—h;

hi2
1D II 30Ha

| Ry

R,

Puc. 2. ACI/IMMeTpI/I‘-IHOG pacroJioXxeHne CTBoJia
FOpI/I3OHTaJ'[I)HOﬁ CKBaXXWHBI I10 OTHOLLIEHUIO K KPOBJIE
" IOAOIIBe I'IOJ'IOC006p33H01"0 miacTta

[TnacT oAHOPOAHBIA M IOJI0OCOOOpa3HEI. BapbupoBasoch
pacrnoJioxeHue JaHHOM CKBaXXUHBI OTHOCUTEJIBHO KPOBJIU
U TMOJOMIBH IJIacTa. B maHHBIX paboTax paccMmarpuBaiach
30Ha ¢uiabTpanuy, KOoTopasd pa3duBajiach Ha [ABe 4acTy,
B KaXJOM M3 KOTOPHIX BOJIM3M CTBOJIA TOJII[MHA ILIaCTa
cuntaetcs GyHKUUeH paauyca, T.e. i = h(r,) (puc. 2).
JI7iA acUMMETPUYHOrO PpacloJIOXKeHUs CKBaXUHH B
aTUX paborax ObljIa pejJioxXeHa cjeAylomas popmyJia:

_anLAP. 2 2r,
LRy 11l A+ n 2r, | R,-h
(111+r) 112 Yo h+r,

s
(a,+r)
rae A — tonmmmHa mwiacra; h; = (A - h)) - r, — TonummHA
IIJIACTa 3a BEIYETOM pajinyca CKBaKHHBL.
Jna ydera BinmAHuUA aHusorponuu B dopmysay (11)
JUIs1 I30TPOITHOTO IUTacTa aHajoruvHo dopmysnam (5) u (7)

HeoOXO/IMO BBeCTU NapaMeTp aHusorpormu B =./(k, /k,);
Torma dopmysia ayia Oe6UTa rOPU30HTAIBHON CKBaXKHUHBI
B aHM30TPOIHOM CJIyyae OyJeT ciieyoulei:

2nkLAP 2 2r,
Q=J/M B]11+rwlnm +
R —Bh |

Bh +1 In 2r, +Ref—BbZ.
(13111+r) Bbz Ba,+r, | (Bh+r,)

Cityyaii CHMMeTPUYHOTO PacIoyIoXKeH!s FOpPHU30HTAIBHOMN
CKB&XWHB! OTHOCHTEJIbHO KpPOBJIM K IOJOMIBHL IUIAcTa C
PasHBIMHU AaBJIeHWAMH Ha KOHTYpax NUTaHUA PacCMOTPEH B
pabotax B.II. IlunaTtosckoro [7, 8]. Ecm P, = P, = P,
U CTBOJI CKB&XWHBI CUMMETPHYEH OTHOCHUTEJIBHO KOHTYPOB
MUTaHSA, TO:

(12)

2nkLAP

Q= ) (13)

R, 1 2nr, . ma

u = -—In sin—

2h 2m h h

roe a = h/2.

CymecTByeT Takke abCOJIOTHO WHON MOAXOZ LA
onpeneseHuA TIPOU3BOAUTEJIBHOCTHU TOPU30HTAJIBHON
ckBaxuHb. OH 3aKmoydaeTcsi B pasfesieHUU obsacTu

duibTpaly Ha BHEIIHIO 1 BHYTPEHHIOK 30HBL [Ipu sToM
MOJleJIIpOBaHNe IIOTOKa 3aBUCUT OT 30H (UIbTpaluu:
BHEIIHAA 30HAa OIUCHIBaeTCA IUIOCKUM  JIBYMEPHBIM
IIOTOKOM, B KOTOpOM (uUiIbTpalysA YCJIOBHO IIPOMCXOAUT
B  TOPU30OHTAJbHOM  IUIOCKOCTY;  BHYTPEHHAA  30HA
XapakTepusyerci  Kak  TpeXMepHBI  IIOTOK,  30Ha
JPEHNpOBaHUA — JJUIMICOMJ BpallleHWs, HMHUTUPYIOLI
TOPU30HTAJIBHON CTBOJI C PafguycoM r,. JIaHHBIA MOJAXOM B
cBoux pabortax ObUT AeTayibHO omrcaH B.II. MepkyioBbEIM
[28-30] u nmeeT cienyouuii BUA;

PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING



HEAPONOJIb3OBAHUE
P[I!I
_ 2nkhLAP a4
nh h a+c L. 2R
—+In——|In—+A||+=In—< L
H{{j, 2nr, [ 2 ﬂ h (a+b)} [ ._O
B ciyuyae acHMMeTPUYHOI'O PACIOJIOKEHUs CTBOJIA Y - .
CKBaXHUHBI OTHOCUTEJIBHO LIeHTpa 30HbI JIpEeHUPOBaHUA Ha S o
paccrosiHue 8 3aBucumoctb (14), cormacHo B.II. MepkysioBy h O pl
[28-30], 6ymet cienyromeit: '
) 20

0 =2mkbiap/wl| P2 s (2|4
h 2nr, 2¢

2
+£1I1 2R€[ (1—8_2] )
h (a+b) R,
rae L — [JiHa TOPU3OHTAJIBHOTO cTBojia; a=0,5L+2h —
Gosblllasg MOJIyoch ajutuica; b = (2LA+4M)Y? - manas
nojgyock asunca; ¢=0,5L - (GOKycHOe pacCTOsHUE;
I,,— paalyC CKBXMHbI, XapaKTepU3YIOIHI 30HY PaJiaJbHOTO
[0 OTHOIIEHWI0O K TOPU30HTAJBHOMY CTBOJIy IIOTOKa;
A = flo, o) e a = L2Ah, o = 8/h, § — dKCIIeHTpUCUTET
aCMMMETPHUYHOTO PAacloJIOXKEHUsA OCU TOPHU3OHTAIBHOIO
CTBOJIA IO TOJIIIKHE.
B  ycioBuAX  KpyIJIOrO  aHM30TPONHOrO  IjlacTa
B.II. MepkysioBeiM [29] mpenyiokeHO HaXOOUTh OeOUT
TOPU30HTAIBHON CKBaXXUHEI 110 GhopMyJie

16
( a +b ] L 2R, (16)
T Py Y | R S "
2¢ BA (a*+b*)

rae a =0,5L+2Bh;, b*=QIBA+41)°5 ¢ =0,5L; " =fa),
rae a' = L'/2h, B JaHHBIX ycoBusAxX L' =1,

B cBoux paborax S.D. Joshi [19, 20] Takke pasmessut
[OTOK Ha 30HBI, HO IIpeXJe 4YeM OIpPeJesATh 3aBUCHMOCTD
JebrTa TOpPU30HTAJIBHOI CKBaXUHBI Q OT nenpeccuul AP, oH
MPEJJIOKIIT HAUTH CyMMY (DIUTBTPAIMIOHHBIX COHNPOTUBJIEHUI,
BO3HHUKAIOIIMX IIpU TedeHMH (uuonga B Ha3BaHHBIX
ITocKoCTsAX. CMeleHre CTBOJIA TOPU30OHTAJIBHOM CKBAXIHBI
OTHOCUTEJIBHO KpPOBJIM UM TMOAOMIBHL IUIACTA YYUTHIBAET
rapaMmeTp As XapaKTepU3YIOIIMI paccTOsHKEe OT CTBOJIA JI0
YCJIOBHOTO I[EHTPA:

(15)

2nkhAP

0= .7
2 2
a+,/a2— L/2 h/2) =22
uB| In (£/2) +£]n( ) %
L/2 L hr,/2
C yuyeToM aHHU30TPOIUM:
o= 2nkhAP s
atya—(L/2) | gp  p
uB|ln| ——— |+ = —In—
L/2 L 2r,

G.I. Renard u J.M. Dupuy B cBoux paborax [21, 22]
npeioxunn  GopMyay — Ijid gebura  KOPOTKOII
TOPU30HTAJIbHON CKBaXWHHI, T.e. B cJIydae, ecjd MAJIMHA
CKBaXUHBI L MeHbIIIe TOJIIUHEI IJ1acTa /A:

0= 21‘5](]1AP]1 . ‘ 19)
uB| cosh™ (X)+—"In }
L 2mr,

Puc. 3. 'opu3oHTa/JIbHAA CKBaXKMHA
B [IPAMOYTOJIbHOM He(TAHOM ILIacTe

2 | 2 h
I 30Ha Ve >'ll 30Ha A A 1
~ N vy
111 30Ha IV 30Ha 3’1 h/2
! O
2 5 2 h,
ah T Y
R, ‘|l 2R, R\ ) W,
R, |

Puc. 4. CxeMa yCJIOBHOTO PacCIIOJIOKEHUS TOPU30HTAJIbHOM
CKBaXXHHHI B IJIacTe: / — CHMMeTPUYHOe; 2 — aCUMMeTPUYHOe

T - N
HedyrenachiienHas TONLHHEA, M

[y

Puc. 5. ABUWIOBCKOe Ta3oHeDTAHOE MECTOPOXIEHKE

C y4eToM aHM30TPONUU 3Ty GOPMYyJIy OHH HpeNCTaBHIIN
Kak:

0= 2nkhAP (20)

uB[coshl(X)+ﬁbln Bb‘ }
L 2rr,

rae X=a/0,5L, r,, = (1+PB)r,/2p.

B pa6ote B./I. JIsiceHko [31] mosyueHo ypaBHeHUe AJiA
onpeiesieHys 1ebyTa TOPU3OHTAJIBHON CKBaXWHBL (puc. 3),
YCJIOBHO PAcCIOJIOKEHHON B INPAMOYTOJIbHOM He(TsIHOM
Ilacre MJIMHON 2L, AJMHA CKBaXUHB paBHA IIMPUHE
HedTAHOTO TIacTa 20, TOJIMHA 1J1acta h:

2nkhAP

20+ 1
uB L + 1 In £ 4+ h In h
46 2m 21g 211',]g 2nr,

Q= (21

3pgecb L — paccTosHHME OT CKBaXWHBI C JaBJIEHUEM
P = P, no KOHTypa IUTaHUsA Cc AaBjeHueM P=P,; 20 —
MUpUHA IUJIACTa; [, — JJIMHA TOPU30HTAJIBHOTO CTBOJIA;
I,,— pajilyC CKBaXXUHBHIL.
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Tabnuna 1

HcxonHble JaHHbIE OJ1A pacuera nebura TOPpU30OHTAJIPHBIX CKBAXWH [JIs1 ABUJIOBCKOTO I"aBOHe(I)THHOI“O MECTOPOXAEHUA

Homep ckBaXWHBI

ITapameTp Enunnna nsmepeHus 5 8 111 115 113 114 117
P, MIla 21 21 21 21 21 21 21
P, MIla 20 20 20 20 20 20 20
Ilepenajn faBiaeHus Ila 1000000
Hegrenacemennas M 2 1,5 1,4 2 0,8 1,3 1,2
ToJIIMHA A
h M 1 1 1 1 0,4 1 1
h, M 1 0,5 0,4 1 0,4 0,3 0,2
R, M 0,073 0,073 0,073 0,073 0,073 0,073 0,073
R, M 298 442 371 685 398 442 521
L M 123 257 243 293 466 287 384
HedTH B 111 yci, ITac 0,000551
BsizkocTh BOJBI B II. ycI, [Tac 0,000816
rasa B 11 ycJ, [lac 0,0000211
IopucTocTh a.en. 0,195
HedTH, KT/M° 698
[1710THOCTD B IJIACT YCJI. BOJIBI, KI/M° 1120
rasa, Kr/M° 0,981
. HedTh 1,364
O6beMHBIN KO3GPUIEHT oA 1,0014
g();c_lf’Mla/el\l\/[/Iﬁsz’ HedTH 19,2
BOZA 4,35
Tazocomepxanue HepTH M>/T 147,7
Amnnsotponus 0,72
H M 500
abc 80
dasoBasa HeDTH 6,983
[IpoHHUIaeMOCTb K, M/] dazoBas ras 0,551
(107% mxm?) (asoBas Bojia 12,29
TP CIERYyIOMmEH Josu dmonnos B noroke: 25 % HedTH, 25 % Boawl, 50 % rasa
KOHIIEHTpaIu
Tabauma 2
PesynbpTathl pacuera jle61Ta ropu30HTAJIBHBIX CKBAXUH [0 KJIaccuyecKuM popMmyiam
Howmep bopmyJtst CkBaxuHa No
7 8 111 112 113 114 117
®DaxT 67,0 70,0 75,0 70,0 78,0 71,0 75,0
1 479,4 426,3 424,1 490,0 357,9 392,3 389,6
2 486,2 432,5 432,1 494,5 389,7 399,2 398,6
3 479,4 426,3 424,0 489,9 356,9 392,3 389,5
6 479,4 426,3 424,0 489,9 356,9 392,3 389,5
7 480,8 426,8 424,6 490,6 357,0 392,6 389,7
8 293,5 148,5 165,2 127,8 88,0 128,8 100,8
9 105,6 111,8 117,5 109,7 120,2 108,2 113,5
10 0,4 0,3 0,2 0,4 0,1 0,2 0,2
11 14,2 13,9 13,8 14,7 17,8 11,5 10,3
12 64,0 91,4 103,3 66,3 192,7 102,9 117,4
13 5,5 -5,6 4,0 -2,3 4,0 6,3 20,7
14 54,1 52,5 52,6 53,6 49,7 51,4 51,1
15 54,1 52,5 52,6 53,6 49,7 51,4 51,1
16 140,4 127,3 127,6 140,7 113,6 119,3 119,3
17 0,0 0,0 0,0 0,0 0,0 0,0
18 0,0 0,0 0,0 0,0 0,0 0,0 0,0
19 0,0 0,0 0,0 0,0 0,0 0,0 0,0
20 0,0 0,0 0,0 0,0 0,0 0,0 0,0
IMorpemHocTs 1 -615,5 -509,1 -465,5 -599,9 -358,9 -452,6 -419,5
IMorpemHoCTh 2 -625,7 -517,9 -476,1 -606,4 -399,6 -462,3 -431,5
IMorpemHocTs 3 -615,5 -509,0 -465,4 -599,9 -357,5 -452,5 -419,3
IMorpemHoCTH 6 -615,5 -509,0 -465,4 -599,9 -357,5 -452,5 -419,3
IMorpemHocTs 7 -617,7 -509,7 -466,1 -600,8 -357,7 -453,0 -419,6
IMorpemHocTs 8 -338,0 -112,2 -120,2 -82,6 -12,8 -81,3 -34,5
IMorpenrHocts 9 -57,6 -59,7 -56,7 -56,7 -54,1 -52,5 -51,3
IMorpenHocTs 1 99,5 99,6 99,7 99,5 99,8 99,7 99,7
IMorpemHocts 11 78,8 80,1 81,6 79,0 77,2 83,8 86,3
INorpemHocts 12 4,5 -30,6 -37,8 5,3 -147,1 -44.9 -56,5
IMorpemHocTs. 13 91,8 108,1 94,6 103,3 94,8 91,1 72,4
IMorpemHocTs 14 19,3 25,0 29,9 23,4 36,3 27,7 31,9
IMorpemHocTs 15 19,3 25,0 29,9 23,4 36,3 27,7 31,9
IMorpenrHocts 16 -109,5 -81,9 -70,1 -101,0 —45,6 -68,0 -59,1
IMorpenrHocts 17 100,0 100,0 100,0 100,0 100,0 100,0 100,0
IMorpemmHocTh 18 100,0 100,0 100,0 100,0 100,0 100,0 100,0
IMorpemHoCTh 19 100,0 100,0 100,0 100,0 100,0 100,0 100,0
IMorpemHocTs 20 100,0 100,0 100,0 100,0 100,0 100,0 100,0
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3aBUCUMOCTb npon3BoauTesibHOCTU
I'OpVI3OHTaJ1I>HOl7I CKBaXXWUHbI

OT aCUMMEeTPUYHOro ee pacnosfioXXeHus
OTHOCUTEJIbHO KOHTYPOB NUTaHUA NnacTta

JanHasa npoGsieMa Obljla OYEHb XOPOIIO OCBeleHa B
paborax 3.C. Amnuena, B.E. ComoBa, B.B. Bonpapenko,
B.A. Huxutuna, K.C. bacuuesa u ap. [26, 27, 32].

J7A  COOTBETCTBYIOIIMX  yCJIOBUM  ONMCHIBAJIOCH
aCHMMMETPUYHOE PaCIOJIOKEHNEe CKBaXXMHBI 110 OTHONIEHUIO
K KOHTypaM Iuiacta (puc. 4). Pe3ysbTaThl 4KMCJIEHHOTO
pelleHNs ypaBHEHMsA TpeXMepHOH  HecTalMOHapHOU
unbTpanuu noKasaJu, 4TO acUMMeTpUYHOe
pacnojioxkeHre CKBaXHMHBl II0 TOJINMHE OJHOPOAHOIO
IJlacTa 3HAYUTEJIPHO CHIDKaeT IPOU3BOAUTEJIBHOCTD
TOPU30HTAJIBHON CKBaXWUHBL. C yBeJMYeHHEM TOJIIVHEL
KOJUIEKTOpa BO3pacTalOT U MOTepu AeOuTa CKBAXUHBI B
3aBHUCHMOCTH oT koabdurmeHTa aCHUMMETPUH.
MakcumaJsibHas IIPOU3BOAUTEIIBHOCTD CKBaXXUHBI
JIOCTUTAeTCA B YCJIOBUAX CUMMETPHUYHOIO PaCIOJIOXEHHUS
CTBOJIa — KaK OTHOCHUTEJIbHO KOHTYpPOB IHTaHU:A, TaK U
OTHOCUTEJIbHO KPOBJIM U ITO/IOMIBHI I1JIACTA.

[MonnpoGyem mnpumeHUTH HOaHHble (opmyss (1)-(20)
11 ABUJIOBCKOT'O MecTopoxaeHus (puc. 5).

[IpombinieHHass HedTEra3oHOCHOCTh  ABUJIOBCKOTO
MeCTOPOXeHUs NpuypoyeHa K necyaHuKaMm
606pukoBckoro ropusoHta (miact Clbb) Buselickoro
Apyca HUXKHEKaMeHHOYTOJIbHOI CHCTeMBL. BrlABiieHa ofHa
razoHe(TAHasA 3aJI€Xb.

B  omioxeHHMAX  BbABJIEHAa ~ OAHA  MacCHUBHasd,
HEIOJIHOIJIACTOBasA, NOoJCTUIaeMasa BOAOW rasoHedTsaHaA
3ajiexsp. [lnacT ciioxeH nmecyaHukamu. Tum KoJuiekTopa —
NMopoBeIll. ®DU3MKO-XMMHYECKHe CBOHCTBA HepTH U
PacTBOPEHHOro ras3a W3y4YeHBl [0 CeMH [JIyOMHHBIM
npo6amM HePTHU M3 CeMH CKBaOXHWH U 16 NMOBEpPXHOCTHBIM
nmpo6am u3 ceMmu ckBaxuH. HedTp ocobo Jerkas mno
IUIOTHOCTH, HE3HAYWTEJIbHOM BA3KOCTY, MapaduHucTasd,
MaJIoCepHUCTasA, MaJsiocMonctasd. @OU3NKO-XUMUYECKHe
CBOIICTBa rasza ra3oBoiil AKX U KOHJeHcaTa U3y4yeHH 10
TpeM mnpo6aM U3 [ABYyX CKBaXuH. ['a3 raszoBoil Ianku
METaHOBBHIH, MOJIy>XKUPHBIH, IJIOTHOCTh ra3a Mo BO3LYXY —
0,800, conepxanue ceposogopona — 1,540 % MoJib.

Bubnuorpaduyecknit cnMcok

HWcxoaHsle AaHHBIE [T pacyera Je0UTa ropr30HTaJIbHBIX
CKBaXX{H IpeCTaBJIEHH B Ta6JI. 1.

ITpoBesieM pacyeT AeOUTOB rapU30HTAJIBHBIX CKBAXUH,
UCIoJb3ys Kiiaccudeckue dopmyssl (1)-(20), pesysbpraThl
pacyeToB U UCXOHbIe AaHHEBIE CBeJleM B TabI. 2.

3aknro4yeHue

B pesyspTraTe aHaimM3a IOJIyY€eHHON WHGOpMAaNun
BBIABJIEHO, YTO Ha NPOM3BOJUTEJIbHOCTh MOPU30OHTAIBHON
CKBaXXVHBI BJIUAIOT CJIeJlyIOIIYe TapaMeTphL:

— pacnosioXeHue CKBaXUHbl OTHOCUTEJIBHO TOJII[MHEI
IJJaCTa U OTHOCUTEJIbHO KOHTYPOB 30HBI JPEHHPOBAHUA
(cuMMeTpUYHOE U aCUMMETPUYHOE);

— Ka4yecTBO BCKPHITHUA NPOAYKTUBHOI'O NHTEPBaJIa;

— IPOGWIb CTBOJIA CKBAKMHBI, B YACTHOCTY TOPHU30HTAJIBHOM
qyacTy;

— KOHCTPYKTHBHbIE 0COOEHHOCTH CKBaXXUHBI;

— [I0Tepy AaBJIeHusA, IPUXOAALIECcs Ha TOPU30HTaJIbHYIO
YacTh CKBa)XUHBI;

— GUJIbTPaIIOHHO-EMKOCTHBIE CBOVICTBA IJ1acTa;

— yncyo noptoB MI'PII (ecsiu ecTh) U Ap.

IIpu sTtom Bce ¢opMyJibl, IpeAcTaBjeHHble B pabore,
paspaboTaHbl Oy CTal[MOHApPHOTO IIPUTOKA >KUIOKOCTH,
unpTpaiuA  QumoMga  IPOMCXOAUT B HM30TPOITHOM
KoJUuleKTope (BCTpeyaeTcsi TIONpaBKa HA BEPTHUKAJIBHYIO
AHMU30TPOIIHIO), KPOBJIA U NOAOIIBA IJIACTAa HEIPOHUIIAeMEIE,
KUJIKOCTh HeC)KMMaeMasi, BCe CKBaKMHBI C U1eaIbHO NPSAMBIM
TOPU3OHTAJIBHBIM ~ CTBOJIOM. [lomMmMO  mpouyero  Bce
IpeJicTaBJIeHHbIe Bhlle HOpMYyJIbl 6a3UPYIOTCA HA JIMHEHHOM
3akoHe GwibTpauuu Jlapcy, CyIIecTBYIOT pasjuuds B
olpeJieJIeHH reoMeTpyy 30HbI APEeHUPOBaHNs CKBaXUHEI, U,
Kak cJIe/ICTBYe, 5TO OrpaHN4MBaeT 30HYy IIpUMeHeHNs JaHHbIX
MaTeMaTH4YeCKUX MO/IeJIeH.

Bospmasa morpemHocTb B pacyerax — oOycJIOBjIeHa
HaJIM4MeM BBICOKOTO Tra3oBOro (axkropa; Ha CKBaXWHAX
ABHUJIOBCKOTO MECTOPOX/IEHNA ra3oBblii (GakTop M3MEHANICA B
npenenax or 200 g0 15 000 M*/T. YUTO NPUBOAUT K PEXUMY
€CTeCTBeHHOro rasmmdra M Mepexofy OT JIAMMHApPHOTO K
TypOyJleHTHOMY TeuyeHu0. COOTBETCTBEHHO, T'OBOPUTH O
JIMHeHO! GUIIbTPaly B YCJIOBUAX JAHHOTO ra3oHe(TAHOro
MEeCTOPOXIE€HH:A He NPeACTaB/IAeTCA BO3MOXHBIM.
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