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AHHoOTanusa. AKmyabHocmb 06yc10BJeHa HeO6X0AMMOCTbIO TOBBIIIEHNUsS TOYHOCTH M HAZeKHOCTH IPOTHO3a NPOAYK-
TUBHOCTH Ta30BbIX U ra30KOH/IEHCATHBIX CKBAXKHH NP NIE€PCIIEKTUBHOM IJIAHUPOBAHUHU PabOThI ra3o/00bIBaOLIMX Npe/-
NPUATHHN. /151 TOBBILIEHUS TOYHOCTH U HaJIeXKHOCTH PAacyeTOB MPOrHO3HBIX JIeOUTOB HEOOXOAUMO YYUTBIBAaTh U3MEHEHHUs
GUIBTPAIMOHHO-eMKOCTHBIX CBOMCTB IJIacTa B NPHU3a60HBIX 30HAX, BBI3BAaHHBIX MEHSAIOLIMMUCA CO BpeMeHeM 3HAa4eHU -
MU IJIaCTOBOTO JiaBjieHus U Aenpeccud. Lleaw. OnpesesneHre ypaBHeHUH peasbHbIX HHANKATOPHBIX KPUBBIX IPUTOKA (JIIo-
M/Ia K Ta30BOM CKBa)KMHE, YYUTHIBAIOIINX 3aBUCUMOCTb GUIBTPALIMOHHO-eMKOCTHBIX CBOMCTB IJIaCTa B MPU3a60HHbBIX 30HAX
OT MeHSIIOIINXCS 3HaYeHUH MJIAaCTOBOTO JIaBJIeHUs U Jlenpeccy. [ JOCTIKeHNs TOCTaBJIeHHOH IeJTM aBTOPbI TPUMEHSIOT
pa6oyyio TUIIOTE3y O TOM, YTO, BO-NEPBBIX, B CKPBITOM BH/le Bce PpU3NUeCcKre 3aKOHOMEPHOCTH GUIbTpalUM rasa K CKBa-
YKUHE COJZIeP’KaTcs B HAKOIUIEHHOM 3a BpeMs 3KCIJIyaTallMd CKBaXXWHBI OTYETHOM reosIoro-mpoMbICI0BON JOKYMeHTALHH.
Bo-BTOpBIX, ypaBHEHHs BCeX pealbHbIX UHAMKATOPHBIX KPUBBIX MOXKHO alNMpPOKCUMHPOBATH NMpeJJI0KEHHBIM aBTOpPaMU
CTaTbH 006061eHHBIM YypaBHeHHeM PoynuHca-IllemxapaTa. [lo pesysbTaTaM 06paboTKH peasbHbIX re0J10r0-IPOMBICTOBBIX
JIAaHHBIX ps/la CKBAXXUH 6bLJ1 0OHAPYKeH HOBbIM 3QPEKT, NOKA3bIBAIOLIMM, YTO peasbHble HHAUKATOPHbIE KPUBbIE, B OTJIU-
YHe OT KJIAaCCUYECKUX TEOPETUYECKUX CUTYALMi, MOTYT ONUChIBATbCS HEMOHOTOHHBIMU 3aBUCUMOCTSIMH J1Ie6UTA OT Jlenpec-
cud. O6HapyXeHHbIA HOBbIA 3 EeKT UMeEeT BXKHOE TEOPETHYECKOEe U NPAKTHYECKOe 3HAYEHUeE /i HePpTerasoBoil oTpac-
1. 06seKmbl. YpaBHeHUs IPUTOKOB rasa K CKBaKHHaM, allllpOKCHMHUpyeMble B BU/Jie 060611eHHOI'0 ypaBHeHUs PoyinHca-
lllennxapaTra. Memodsl. MeTobl UHTEPIOALMH U allIPOKCUMAIMK POMBICJIOBbIX JJAHHBIX, YHCJIEHHOe HHTErPUPOBaHHUeE,
MeTO/ibl MaTeMaTU4YeCKOTr0 MOJeJIMPOBaHHs, KOPPEJsSIIMOHHBIM U perpecCMOHHBIA aHaA/M3bl, METO/{ HAUMEHbIINX KBaJpa-
ToB. Pesysbmamul. [lns peasbHBbIX HHAUKATOPHBIX KPUBBIX, OMUCHIBAIOIUX, B OTJIHMYHE OT KJIaCCUUYEeCKHUX 3aKOHOB QUIIb-
Tpalyy, B TOM YUCJIe 1 HEMOHOTOHHbIE 3aBUCHUMOCTH JIeOUTA OT JeNPeCccHH, OCTPOEHA alllPOKCUMAIMOHHAsA MOJiesb B
BU/I€ NIPE/JIOKEHHOTO 0606111eHHOr0 YpaBHeHUst PoyinHca-1llesxapra. 9Ta Mo/iesIb OTKPbIBAE€T HOBBIHM MOJX0/| K TPOTHO-
3MPOBAHMIO /1e6UTOB I'a30BbIX CKBAXKHH, NO3BOJISIET NMOBBICUTb 3 PEKTUBHOCTb ra30/06bIYM U COLEHCTBYET YCTONYHUBOMY
PasBUTHIO 3HEPreTHYECKOT0 ceKTopa. HampuMep, 3HAYMTEJNBHO YIPOLIAeT MPOLECC MJIaHUPOBAHUS Te0JI0T0-TEXHUYECKUX
MEPONPUATHUH U ONITUMHU3UPYET pa3paboTKy ra30BbIX MECTOPOXKAEHUH.
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Abstract. Relevance. The need to improve the accuracy and reliability of forecasting the productivity of gas and gas conden-
sate wells in the long-term planning of gas production enterprises. To improve the accuracy and reliability of calculations of
forecast flow rates, it is necessary to take into account changes in the filtration and capacitance properties of the formation in
bottom-hole zones caused by the values of reservoir pressure and depression changing over time. Aim. To determine the
equations of real indicator curves of fluid inflow to a gas well, taking into account the dependence of the reservoir filtration
and capacitance properties in bottom-hole zones on changing values of reservoir pressure and depression. To achieve this
aim, the authors apply the working hypothesis that, firstly, in a hidden form, all the physical patterns of gas filtration to the
well are contained in the accounting geological and field documentation accumulated during the operation of the well. Sec-
ondly, the equations of all real indicator curves can be approximated by the generalized Rawlins-Shellhardt equation pro-
posed by the authors. Based on the results of processing real geological and field data from a number of wells, a new effect
was discovered, showing that real indicator curves, unlike classical theoretical situations, can be described by non-monotonic
dependences of flow rate on depression. The discovered new effect has important theoretical and practical significance for
the oil and gas industry. Objects. Equations of gas inflows to wells, approximated in the form of a generalized Rawlins-
Shellhardt equation. Methods. Methods of interpolation and approximation of field data, numerical integration, mathematical
modeling methods, correlation and regression analyses, least squares method. Results. For real indicator curves describing,
in contrast to classical filtration laws, including non-monotonic dependences of the flow rate on depression, an approxima-
tion model is constructed in the form of the proposed generalized Rawlins-Shellhardt equation. This model opens up a new
approach to forecasting the flow rates of gas wells, improves the efficiency of gas production and contributes to the sustaina-
ble development of the energy sector. For example, it greatly simplifies planning of geological and technical measures and
optimizes the development of gas fields.

Keywords: gas, well, permeability, geological and field data, inflow equation, reservoir pressure, bottomhole pressure, draw-
down, production rate, predicted production rate
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BBeseHue aHaJIM3a TIPOMBICIIOBBIX JJAHHBIX Ha KOHKPETHOM IpHMe-
Jsa adbdexTuBHOrO cpemHecpouHoro (o 3 J€T) U pe MOKa3aHO, YTO MOHOTOHHBIC MHIMKATOPHbBIC KPHBBIC
JonrocpodHoro (5—10 jeT) mnaHupoBaHUs JEATENPHOCTH  MPUTOKA ra3a K CKBAKHMHE C MMO3UIMM KITACCHYECKHX 3a-
ra3ofl0OBIBAIOIIMX KOMIIAHMHA BaKHO YMETh 3apaHee  KOHOB (PMUIIBTPAIMH HE MOTYT OIMCATh TAKOW CpaBHU-
OLICHUBATh IIPEJIIoNaraeMple A€ONThI CKBAKMH IIPH Pa3-  TENBHO HENABHO OOHApY)KEHHbBIH (aKT, Kak BO3MOXKHOE
JIMYHBIX TEXHOJIOTHYECKHX PEKNMaX UX paOoThl. TouHsle  majeHue aeOuTa MpU yBEIMYCHHH JCIPECCHH, TPUBOIS-
MPOTHO3BI JIEONTOB HEOOXOAMMBI /I aHa/IM3a MOTEHIM- Wi K HEMOHOTOHHBIM WHIMKATOPHBIM KpPHUBBIM. Jljist
a7bHBIX 00BEMOB M3BJIEKAEMOTO T'a3a, MIPOJOIUKUTENPHO-  TOTO YTOOBI y4ecTh 3P(HEKT BO3MOKHOTO MaaeHuUsT 1eOu-
CTH DKCIITyaTallMd MECTOPOXIEHHH, a TakoKe JJIs ONpe-  Ta C POCTOM JICTIPECCHH, aBTOPHI IMPHMEHSIOT HpEio-
JIeNIeHNs. ONITHUMAJIBHOTO KOJIMYECTBA pa0OUYMX CKBKUH M JKEHHOe WMH 00OOICHHOe ypaBHeHHe PoyimHca—
JPYTHX KIIIOYEBBIX MapameTpos. Ilommmo ororo, paspa-  Illemxapara, KOTOpoe y4HTHIBa€T OCOOCHHOCTH (DUITh-
0OTKa HPOrpaMM TIeoJIOTO-TEXHMYECKUX MEPOUPUATHH  Tpaluu ¢ HeMOHOTOHHBIMH HHIHKATOPHBIMHI KPHBBIMH U
(I'TM) ¢ y4eToM TEeXHUKO-DKOHOMHYECKOH d((PEKTUBHO-  MO3BOJISET PACCUMTHIBATH IPOTHO3HBIC ICOUTHI CKBAXKHH.
CTH U 00OCHOBaHHWE HEOOXOAWMOCTH WX MPOBEICHHS Pa3paboTaHHBI aNTOPUTM pacueTa HPOTHO3ZHBIX
TpeOyIOT pacueToB IPOrHO3UPYEMBIX IIOKa3aTeled Mpo-  NeOMTOB YUYHMTHIBACT HW3MCEHEHHUSI (DHIbTPALHOHHBIX
ITyKTHBHOCTU CKB@XMH. TakuM 00pa3oM, CO3JaHME M  CBOWCTB I[UIaCTa MPH BapbUPYIOIIUXCS JIaBICHUSIX.
COBEPILIECHCTBOBAHME METOJMK JUIs pacyeTa IPOrHO3HBIX  DTOT MOAXOJ UMEET MPAaKTHUCCKYI0 3HAYUMOCTD, I10-
NeOMTOB CKBaXKMH, a TAKKE COOTBETICTBYIOLIETO IPO-  CKOJBKY OH TMO3BOJISET ONTHMU3HPOBATH IUIAHHPOBA-
TPaMMHOro oOecnedeHu s IPEACTABIISAIOT CO00M aKTyallb-  HUE pabOThI ra30J00BIBAIONIMX PEAIPUATHI, TOMOTa-
HyO0 33j1a4y, MIMEIOILIYI0 OOJIBIIOE IIPAKTUYECKOE 3HAUe- €T OLCHHTh OOBEMbI M3BICKACMOIo rasa M BbIOpaTh
HIE JUTS TA30BOH OTPACIIH. OIITHMAaJIbHBIE PEXUMBI DKCIUTyaTal[Md CKBaXKHH, YTO
B pamkax JaHHOW CTaThM NPEAJIAaraeTcs HOBBIM MOA-  CIOCOOCTBYET YIYYIICHHIO 3((EKTHBHOCTH JOOBIYH
X0J] K IPOrHO3MPOBAHHIO JEOUTOB Ia30BbIX CKBAKHH IPH  [IPUPOJHOTO Td3a M ONTHMHU3AIMH HCIIOIb30BAHUS Ta-
M3MEHSIOINXCS JaBICHNAX U ISTIPECCHX Ha IUIACT, KO-  30BBIX PECYPCOB.
TOpBIE B OOIIEM Ciy4ae BIMSIOT Ha (UIBTPAIMOHHO-
emkocTHbIe cBoiicTBa (DPEC) komiekropa. ABTopsl, uro- HopMupoBaHHBIe Ge3pa3MepHbIe HCXOJHbIe
OBl MONYYNTH TOCTOBEPHYIO MH(OpPMAIMIO O (MIILTpa- MPOMBIC/IOBbIE JAHHbIE CKBAXKUH
MM B IUIACTE, CTPOMIIM TO 3aJaHHBIM HCXOJIHBIM TPO- Jlis pacyera MPOTHO3HBIX NEOMTOB CKBAXXUH BMe-
MBICIIOBBIM JIAHHBIM ~ alIPOKCUMAIlMM MHIMKATOPHBIX ~ CTO (DM3MYECKMX pa3sMEpPHBIX BenuduH: aebuta O(f),
KPHMBBIX TIPUTOKA Ta3a K CKBAKMHE C MO3UIMH KJaccuue-  ThIC. M/CYT M HAKOILIEHHOrO 00BeMa J0GBITOrO rasa
CKUX 3aKOHOB (prbTpanmu. B pesysnsrate mepsuuxoro — V(7), Miin M, TIpH HOPMATBHBIX aTMOC(EPHBIX YCIOBH-
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X 6yz[eM MNPpUMCHSATH 6e3pa3MepHLIe NIEPEMCHHBIC
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OpaHHOTO O0BEMa Taza.
CBs13b IpyT ¢ apyroM 0e3pa3sMepHBIX INEepeMEHHBIX
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BBITEKAET MPUMEHsEMOE B pacuerax nuddepeHuaib-

HOE ypaBHEHHE

dx
—=0q(1). )

dt
B nmpuBomuMoM faniee TECTOBOM NpUMEpe AJIsl BbI-
OpaHHOI KOHKPETHOW CKBaXKMHBI N B KauecTBe Jy B3SUH
MaKCHMaJIbHOE Ha JTalle WCTOPUH 3HAdYeHHE aeOuTa, a

nmeHHo (y=284,52 Thic. M3/CyT. B kauectBe V| B3sam
HaKOTUICHHBII 00bheM JTI0OOBITOrO CKBAKMHOM ra3a Ha Mpo-
TSOKEHUM Bcero atama ucropun: V=197,6784 mmH M.
B xauecTBe 0a3MCHON BEIHMYHMHBI ITACTOBOTO JABJICHHS
Pun 0 B3JIM MAKCHMAJIbHOE B 30HE JIPEHUPOBAHUS CKBA-
JKMHBI 3HAUYEHUE: Py, 0=139,84 atM, koTtopoe ObLIO 3a-
(bukcupoBaHo B Hayaje dTana UCTopuu. s BbIOpaH-

HBIX 0a3HUCHBIX BEJIMYUH k0d(durrent
S 0,030,

0

HOPMHUpOBaHHBIC Oe3pa3MepHBIC HCXOAHBIC ITaHHBIC
UL CKBXHHBI N, COCTaBIICHHBIC C BBIOpDAHHBIMHU Oa-
3UCHBIMU TEPEMEHHBIMHU TI0 €KEMECSYHBIM 3KCILTya-
TAIIMOHHBIM pAropTaM M EeKEKBapTAJIbHBIM TEXHOJIO-
THYECKHM PEKAMaM T'a30100BIBAIOIIETO PSP TS,

Jna macmtabHOM eauHUIBI BpeMeHu ¢ B Ta0um. |
MIPUMEHSIEM YCTOSIBIIYIOCSI B He(Tera3zoBoil oTpaciu
equnanity 1 mec = 720 4. Takum oOpas3om, Tekyinee
BpeMsl ¢ IpeJICTaBIseT co0oii HoMep padoyero mecsua
C MOMEHTA Hayvaja SKCIUTyaTallui CKBAKHUHBI.

=0,0432 mec”'. B rtabn. 1 TIPUBOIATCS

Taﬁfluua 1. HopmupoeaHHble 6€3p03M€prl€ UCXOO0Hble OaHHble 0151 CKBAXCUHbL N, cocmassieHHble no excemMecsIyHbIM IKCnAy-
aMmayuoOHHbIM panopmam U excekeapma/sibHbIM mMmexHo/102u4eCKuM pexcumam 2(130606b16(1}0u4€20 npednpuﬂmwl

Table 1. Normalized dimensionless initial data for well N, compiled from monthly production reports and quarterly
technological regimes of a gas production enterprise
[lnacToBbIi ras, HopMupoBaHHbIN HopMmupoBaHHas
Homep mecdana Y o
Jlata £, mec HOPMHUPOBAHHbBIN HaKOIJIEHHBIH Pusacronoe, aTM | Pasoinoe, aTM KBaJpaTHYHasI
Date Month number Cp- YT Ae6HuT, q - 06.1’eM X9 Preservoir, atm | Phottomhole, atm Aenpeccud z
t, months Reservoir g.as, normalized Normalized accumu- Normallzed q_uad-
average daily flow rate, g lated volume x(t) ratic depression z
1 2 3 4 5 6 7
HcxozHble IPOMBIC/IOBbIE JaHHbIE: «BpeMst - 1e6UT - M1acToBOE 1 3a60HHOE AaBJIeHUsS» (&, Siac, Q, Pun, Psas) 70
Initial field data: “Time - flow rate - reservoir and bottomhole pressure”, (t, dhour, Q, Prec, Pbot)
01.01.2006 1 0,9702547 0,0418943 139,84 112,64 0,368641
01.02.2006 2 0,8187905 0,0772485 139,18 113,04 0,36206
01.03.2006 3 0,912743 0,1166595 138,52 113,44 0,355601
01.04.2006 4 0,9038015 0,1556844 137,85 113,84 0,349262
01.05.2006 5 0,9354518 0,1960759 137,19 114,25 0,34304
01.06.2006 6 0,9936594 0,2389807 136,51 111,67 0,336933
01.07.2006 7 0,804591 0,2737218 135,82 109,10 0,330938
01.08.2006 8 0,8816587 0,3117906 135,14 106,52 0,325054
01.09.2006 9 0,7937374 0,3460631 134,45 106,51 0,319278
01.10.2006 10 0,9845281 0,3885737 133,77 106,49 0,313608
01.11.2006 11 0,9447166 0,4293652 133,08 106,48 0,308042
01.12.2006 12 1 0,4725438 132,40 104,59 0,302578
01.01.2007 13 0,953869 0,5137306 131,72 102,70 0,297214
01.02.2007 14 0,9045924 0,5527896 131,03 100,81 0,291947
01.03.2007 15 0,8509644 0,5895331 130,37 100,63 0,286777
01.04.2007 16 0,8323926 0,6254746 129,71 100,44 0,281701
01.05.2007 17 0,7159 0,6563862 129,04 100,26 0,276718
01.06.2007 18 0,8295808 0,6922063 128,42 102,29 0,271825
01.07.2007 19 0,6447089 0,720044 127,80 104,31 0,26702
01.08.2007 20 0,7133377 0,7508449 127,17 106,34 0,262303
01.09.2007 21 0,6903197 0,7806519 126,49 105,62 0,257671
01.10.2007 22 0,5020104 0,8023281 125,80 104,91 0,253123
01.11.2007 23 0,6190302 0,8290569 125,12 104,20 0,248657
01.12.2007 24 0,6476789 0,8570228 124,44 104,68 0,244271
01.01.2008 25 0,7536905 0,8895661 123,76 105,16 0,239964
01.10.2008 34 0,8598673 0,926694 117,61 109,46 0,235735
01.11.2008 35 0,8853702 0,964923 116,92 109,94 0,231581
01.12.2008 36 0,8123691 1 116,24 110,42 0,227502
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B 7 cronbue tabn. 1 mpuBeneHs! 3HaUeHUs O6e3pas-
MEpHOW HOPMHUPOBAHHOW KBaJAPATUIHOM JICTIPECCHH

_ P Pus®

w1 0

z(t)

Pacuer porHo3HBIX I€OMTOB CKBaYKMHBI M BEIOOD OI1-
THMAJIbHBIX PEKHMOB KCIUTyaTal[il HAYNHAEM C [EPBO-
HAYaJIbHOTO aHAIN3a UCXOIHBIX MPOMBICIIOBBIX TAHHBIX.

IlepBUYHBII aHATU3 UCXOJHBIX
MPOMBIC/IOBBIX JAHHBIX

st ycTaHOBIICHHST ypaBHEHUsI IPUTOKA ra3a K 3a-
0010 CKBaXXMHBI U BBIOOpa €€ ONTUMAIbHOTO HKCILIya-
TAIIMOHHOTO PEXHMMa CTPOSITCA Tpa(uKy, Ha3bIBACMBIC
uHaukaTopasiMu kpuBbiME (MK), 3aBucumocTn nebura
CKB@KMHBI OT Pa3HOCTH KBaJPAaTOB IUIACTOBOTO M 3a-
ootinoro gasienwuit [2]. B obo3nauenusx tadn. 1 UK —
3TO rpadUKH 3aBUCHMOCTH ¢=¢(z), KOTOpBIE HAIOT J10-
CTOBEPHYI0 MH(OPMAIHIO O 3aKOHOMEPHOCTSX (DUIIb-
Tpauuu B Iuiacte. Takue rpaguku MOTYT OBITH ITOJTY-
YeHBI M0 pPe3ylbTaTaM KOPPEKTHOW HHTEPIIPETAInu
HAKOIUICHHBIX T'€OJIOTO-IIPOMBICIOBBIX TaHHBIX, MOIY-
YaeMbIX Ha MPOTSHKCHUM HECKOJNBKHX (He MeHee 3-5)
JIET ¥ NPEJICTaBIICHHBIX 110 00pasiry Tadur. 1.

Ha puc. 1 mo ncxoausiM naHHbIM Tab1. 1 npusene-
Ha JIMHaMHMKa U3MEHEHHUS] BO BPEMEHH JIeOUTa CKBAXKH-
HBI ¥ JICTIPECCHH Ha TUIACT Ha ATarle HCTOPHUH.

q(t) nepBVl‘-lelVl aHanM3 npoMbICroBbIX AaHHbLIX MO CKBaXWHe Ha 3Tane nctopum Z(t)
1,00 0,40
0,95 1} \, = 1
v N IR,
085 \\!\\/,‘\ ll\ ll N /\\ 0.30
0,80 VIV N 102
075 \\ —— *
070 VIL A T 020
065 \' \\ + 0,15
0,60
055 \l/ T 010
0,50 0,05

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 { yec

= g=q(t) = 3aduKc1poBaHHOE NOCTOSHHOE 3Ha4eHue Aebuta —— z=z(t)
Puc. 1. JuHamuka u3meHeHUsi 0ebuma cCK8axcuHbl U de-
npeccuu Ha nsacm Ha amane ucmopuu
Fig. 1. Observed changes in well flow rate and drawdown

time at the stage of history

W3 mpencraBieHHBIX TpadUKOB CIEAyET:

e Bo-mnepBbIx, U3 KIIACCHYECKUX pEHICHNH [2] 337124 O
(buIpTpaMu ra3a K CKBOKUHE CIIEAYET, 4TO JACOHT
¢ JOJDKEH TPOTOPIHMOHAIFHO YBEIWYHBATHCSA C
YBENTUUEHUEM JICTIpecCHH z. B TO ke BpeMms Ha
puc. 1 ectb y4acTku, riae AeOUT pacTeT, a aemnpec-
cusl Ha miacT najgaer. VM HaoO6opoT, eCTh y4acTKH,
r7ie 1eOuT majaeT, a JepeccHst Ha IIIacT pacTeT.

e Bo0-BTOpBIX, OJJHO U TO XK€ 3a(UKCUPOBAHHOE 3HA-
yeHue AeOuta, Cyns mo rpadukam, B pa3Hble MO-

MEHTBI BPEMEHH JIOCTUTAETCS MPU Pas3HBIX Jerpec-

CHUSIX Ha ILIacT.

Ecim ynopsimounTts BBIOOPKY JaHHBIX (¢,Z) BO 2 U
7 cronbue Tabn. 1 B mopsake BO3pacTaHUs KBaApaTHU-
HOW JICTIPECCUU Zz, TOJIyYUM HHIAMKATOPHYH) KPHUBYIO
M0 MCXOJIHBIM IIPOMBICIOBBIM JaHHBIM. [lo kmaccuue-
CKUM TpE/CTaBICHUAM pEUIeHUH 3a7ad (QUIbTPaluu
raza K CkBaxuHe rpaduk g=¢(z), mpUBeIECHHBIH Ha
pHcC. 2, MOMKEH BBIINIACTh KaK TIpaduK MOHOTOHHO
Bo3pacratomiedt pyukuu. Ho u3 puc. 2 BUIHO, YTO 3TO
He Tak. EcTh yyacTku, TJie ¢ pOCTOM JIeNpeccuu AeOUT
masaer.

CpaBHeHMe TOYHOCTN MO UCXOAHBIM [JaHHLIM Pa3fNyHbIX BUAOB
q(2) annpoKCYMALMOHHBIX YPaBHEHWIA MPUTOKOB ra3a K CKBaXWHe
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— MCXOLleIe AaHHble 3aBUCMMOCTWU q OT Z
—— Annpokcvmanus no 0606LweHHOMY ypaBHeHUo PoynHca - WennxapaTta, eps = 9,12%

—— AnnpokcuMaLIMa ypaBHEHUs NpUToKa B pamkax 3akoHa dopxrenmepa, eps = 29,25%

1
0,20

—— AnnpokcumaLIna Knaccu4eckum ypasHeHuem PoynuHca - LLennxapaTa, eps = 13,5%
—— WHaukaTopHas KpyBas, COOTBETCTBYIOLLAA NMHEeHOMY 3akoHy Hapcu, eps = 17,51%
—— lMormMHoMManbHas annpokCUMaLusi ypaBHEHWst NPUTOKa K CKBaxwHe, eps = 8,68%

Puc. 2. T'paguku uHOUKAMOPHBIX KpUBbIX 0151 PA3AUHHBIX
8apUAHMO8 annpoKCcUMayuu ypasHeHUsi NpumMoka
2asa K ckeadcuHe. eps, % - cpedHee 3HayeHue OMHO-
CUMEIbHbIX PACXOHCOEHULl C NPOMbICA08bIMU OAH-
HbIMU pacyemog de6umos no annpoKCUMayUOHHbIM
YPABHEHUSIM NPUMOKO8

Graphs of indicator curves for various options for
approximating the equation of gas inflow to the well.
eps, % - the average value of the relative
discrepancies with the field data of the calculation of
flow rates according to the approximation equations
of inflows

Fig. 2.

UroOB! ompenennTh, KAKOMy U3 KJIACCHYECKUX 3a-
KOHOB (DMJIBTpAN¥ TOAYMHSETCS NPUTOK ra3a K CKBa-
JKUHE N, aBTOPbI Ha PUC. 2 CTPOMIIM MO 33JaHHBIM HUC-
XOAHBIM TPOMBICIOBBIM JAHHBIM TpaUKH HHIUKA-
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TOPHBIX KPUBBIX B MPEANOJIOKEHUH, YTO (UIbTpALUs
noguuHsieTcs oo 3akoHy Japeu, mubo 3akony Dopx-
reiiMmepa [2], MO0 KiIaccUYeCKOMy ypaBHEHHIO Po-
ynunca—lennxapara [3]. OgHako, Kak BUAHO U3 Ipa-
¢UKOB pHC. 2, aNMPOKCUMALUN HPOMBICTIOBON WHAU-
KAaTOPHOW KPUBOW C MO3ULMUI KJIACCUYECKUX 3aKOHOB
¢unbrpauun  Hapcu, @Dopxreiimepa, Poynunca—
[lenmxapara MOHOTOHHBIMH KPUBBIMH TIPUBOIAT K
SIBHOMY HECOOTBETCTBUIO HCXOJHOM HPOMBICIOBOM
KPHUBOIA U K OOJIBLINM MOTPEIIHOCTSAM OLIEHKH JIeOUTOB
JIaXKe Ha JTarie HCTOPHH.

s Toro 9TOOBI MOBBICHTH Ka4EeCTBO aIrpOKCHMa-
LMK MPOMBICIIOBBIX J@HHBIX KaK Ha puC. 2, Tak U B
JIPYTHX aHAJIOTUYHBIX CUTYaIlUsX, aBTOPHI JICTA0T BbI-
BOJ, 4YTO MHIUKATOPHbIE KpUBBbIE IPUTOKA raza K
CKBa)KMHE MOTYT OBITH HE TOJEKO MOHOTOHHBIMH, HO U
HEMOHOTOHHBIMH. TOJBKO TaK MOKHO OOBSICHHUTH, I1O-
yeMmy AeOUT CKBaXXUHBI, Cy/s MO MPOMBICIIOBOM WHJIH-
KaTOPHOW KpUBOM Ha pHC. 2, MOXKET IaJlaTh C POCTOM
JIENPECCUH Ha IIaCT.

OOmBsicHeHHE OOHAPY)KEHHBIX (DaKTOB, MOUYEMY JC-
OWUT CKBRXWHBI MOKET TAJaTh C POCTOM JIETIPECCHHU Ha
IUIaCT, JAIOT Hay4dHble MyOJIMKALlMU, B KOTOPBIX OINHU-
CHIBAKOTCA MCCIENOBAaHMS O BJIMSHUW HAIPSHKEHHO-
Ie(pOPMHUPOBAHHOTO COCTOSIHHSI TOPHBIX IIOPOJ HAa
(UIBTPALIMOHHBIH MpollecC U AeOUT CKBaKUH [4, 5].

B skcrepuMeHTaNbHBIX U TEOPETHUECKHX HCCIIENO-
BaHUSIX B [6] JOKa3aHO, 4TO Ha JIEOUT CKBaKUH, pado-
TAIOIMX B FOPHBIX MMOPOJax, OOJBIIOE BIMSHUE OKa3bl-
BaIOT JICHCTBYIOIIUE B MOPOJIE HANPSIKEHUS, U3MEHEHUS
KOTOPBIX MOTYT TIPUBOJIMTH KaK K YBEIUYCHHIO MTPOHH-
LIaeMOCTH, TaK U K ee yMeHbleHuto. [Toatomy uccneno-
BaHUsI O BIMSHUM HANpsHKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHUSI TOPHBIX MTOPOJI Ha (PHITBTPAIMOHHBIN TpoLiece
1 1eOUT CKBaXKHH, Hayathle ¢ 1999 T., mpoomKaroTcs B
HacTosiIIee BpeMsi MHOTMMU OTEYECTBEHHBIMH U 3apy-
OeKHBIMU aBTOpaMu. B [7] m3ydanoch BIMSHHE HArpsi-
YKEHHO-TIe(DOPMHUPOBAHHOTO ~ COCTOSHHS ~ MPHU3a00HWHBIX
30H 1iacta (I1311) Ha neGuT cKkBaXkuH 6a)KEHOBCKON CBH-
Tel. B [4-6] npoBoaumce TEOpEeTHUECKHE U DKCIEpU-
MCHTAIBHBIC HCCIENOBAaHUS O BIVSIHUM JehopMariii
TEPPUTEHHOTO KOJUIEKTOpa B IIPOLIECCe CHUKEHHUS 3a00H-
HOTO M IJIACTOBOTO JiaBlieHus Ha nponunaemocts [1311 n
Ha TIPOAYKTUBHOCTh CKBKHHBL B [5] paspaborana ma-
TeMaTH4yeckasi MOJeNlb BIMSHUS Ha MPOTYKTHBHOCTD
CKBa)KUHBI HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS
[I311 npu meneBoit nepdopanuu SKCILTyaTaIMOHHON
KOJIOHHBI B TEPPUIE€HHOM KOJUIEKTOpPE. 3JeCh TaKkKe
BBISIBJISIETCSl 3aBUCHMMOCTb MPOHHMIIAEMOCTH OT d(dek-
THUBHBIX HampspkeHui, aerctBytommx B [13I1, uto cHo-
Ba IOJTBEPXKIAET BO3MOYKHOCTb IaJCHMs IpPOHMLIAE-
MOCTU ¢ poctoMm jaenpeccud. B [8, 9] paspabotanbl
MIPOKCU-MOJICNTH TIPU TPOTHO3UPOBAHHU TApaMeTPOB
pa3pabOTKM CKBaXWH HEPTSIHBIX 3alie)Keld, a B
[10, 11]— meronmbl BBIOOpPAa ONTUMAIbHBIX PEKUMOB
pabotsl HeTAHBIX ckBaxkuH. B [12] umccrnemoBanuch

30

METOJIbl ONTUMH3ALUMU PA0OTHl CKBAXKHH C YYETOM
BIMSHMA Ha UX [POLYKTUBHOCTb HAIPSKEHHO-
nedopmupoBanHoro cocrostaus 1311 Ha MecTopoxe-
Hun HI'JTY «/loccopmyHaiirasy.

UccnenoBanusi B 0061acTH reoMeXaHU4eCKOTO MO-
JISJIMPOBAaHUS YIUIOTHEHUS] KOJUIEKTOpa M CHW)KEHUS
MPOHUIIAEMOCTH, BBI3BAHHOTO YIJIOTHEHHEM, MPOBO-
JWITKCH B paboTax [13-16].

B [17] u3ydeHO BIIMSHUE TeOMEXaHHYECKOTO (hak-
TOpa Ha MPOJYKTUBHOCTb HE(TSIHBIX CKBXKUH IIpHU
BCKPBITUH MTpH3a00HOM 30HBI 1IesIeBOH nepdoparueit
U BIHSHHUE IIEJIEBOU repdopanny Ha CHIDKCHUE TIOPH-
CTOCTH M npoHuuaemocTt kojuiekropa B I13I1. B [18]
Ha MpUMepe reoTepPMaTbHOTO BOAOXpaHWIUINA MaibM
Ha tore 'epmMaHuM onucaHa 4yBCTBUTEIBHOCTh IOPHU-
CTOCTH U NPOHULAEMOCTH K HaIpPSHKEHUSIM HOPOIbI B
II3I1 mpu M3MEHEHHH THUAPOCTATUYECKOIO HAampsiKe-
HUSI JUTS pa3JIndHbIX TUIOB KapOOHATHBIX Mopoa. B [9]
BBIIIOJIHEHBl HCCIIEI0BAaHUSI YyBCTBUTEIBHOCTH CETH
MHOTOTPYNIOBBIX  (UIBTPAMOHHBIX  TPELIUH B
HeTAHBIX TIACTaX K M3MEHEHHWIO 3a00MHOTO JaBiie-
uus. B [19] uccnepoBanuck u3MeHEHUsT IOPUCTOCTH U
nponunaemoctu [1311, BeI3BaHHBIE TIepdoparueii 00-
CaJHOM TpyOBl CKBaXHHBI, paloTarolieii B 30HE
YIUIOTHEHUS TIecYaHoro kosuiekropa. B [20] npoBoau-
JIOCh CpPAaBHEHME PA3IMYHBIX MOJAEJICH MPOHUIIAEMOCTH
MIPU TEXHOTEHHOM YIUIOTHEHUH IECYaHUKOBOTO KOJI-
JIEKTOpa.

KpaTkuit 0030p NMpUBEACHHBIX HAYYHBIX ITyOTHKALINIA
0 BJIMSHUM HaNpsDKEHHO-AE(POPMUPOBAHHOTO COCTOSTHHUS
TOPHBIX TIOPOJl Ha (HUIBTPAIIMOHHBIN IMpolece M JeOUT
CKB@)KHH TI03BOJISET CHIEIATh CIIEAYIOLIHE BHIBO/BL.

[I10THBIE KpEMKO CLEMEHTUPOBAHHBIE MEIKO3ep-
HUCTBIC TECYAHWKH, APTHIUIUTHI, JOJOMHUTHI W T. II
IeGOpMHUPYIOTCS  TOJ  JCUCTBHEM  IPHUIOKEHHBIX
HanpsOKeHUH yrpyro. VX NOpOHUIIaeMOCTh 10 Mepe
pocTa HamnpsHKeHUH yMeHbIaeTcs, Ho oOpatumo. Jlis
CKBa)XMH, MPOOYPCHHBIX B TaKWX TOPONAX, BIHSHUC
HanpsOKeHUH Ha (UIBTPALIMOHHBIE XapaKTEPUCTHKH
TUTacTa He BEITUKO M MOXKET HE YUYHTBHIBATHCS MPH BbI-
0ope pexHMOB pPabOThl CKBaXHHBI. MHIMKATOpHEIC
KpHUBBIE JJI CKBQXXHMH B TaKUX MOPOJaX UMEIOT MOHO-
TOHHO BO3PACTAIOLIUI C POCTOM JIEIIPECCUU XapaKTep.

Menko- M CpeHEe3epHUCTHIC MIECYaHUKU C HEOOIb-
LIMM COAEP>KaHUEM TJIMHBI, AJIEBPOJIUTHI U U3BECTHIKU
IpU HEOONIBIINX JiepeccUsix AeHOpPMUPYIOTCS YIIPYTO,
WX TPOHMIIAEMOCTh MPH 3TOM HE3HAYUTEILHO YMEHB-
maercd. [Ipu noctrwkeHnn aenpeccruen onpeneieHHON
BEJIMYMHBI TIPOHULIAEMOCTh TAKUX MOPOJ 3HAYUTEIBHO
yYMEHbIIAaeTcs (Ha ACCATKH MIPOICHTOB U IaXKE B Pasbl),
YTO TIPUBOAWT K CHIDKEHHIO JeOWTa CKBaKHHEIL [Ipm
JaJbHEHIIeM YBEIMYEHUH JENPEecCU Takas Iopoja
HAYMHAET PACTPECKUBATBCA W Pa3pylIaThCs, YTO CO-
IIPOBOKIAETCS PE3KUM YBEIMUYEHHEM €€ MPOHULIAeMO-
CTH J1aXKe TI0 CPAaBHEHUIO C [ePBOHAYAIbHBIM 3HAYECHU-
€M U POCTy JeOnTa CKBOKUHBIL.
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B rnuHMCTO-TIECUaHBIX KOJJIEKTOpax ¢ OOJBIIMM
COJIep)KaHUEM TIIMHBI y)Ke HEe3HAYUTEIbHbBIE ICTIPECCHU
BBI3BIBAIOT PE3KOE IMaJeHHe MNPOHULAEMOCTH H, Kak
CJEICTBHE, ajieHue 1eOuTa CKBaKUHBL.

Juis ckBaxuH, TPOOYPEHHBIX B MEJKO- M CpeIHEe-
3ePHUCTHIX IECUYAHUKAX C HEOONBIINM COICpIKaHHEM
TJIMHBI, QJIEBPOJIUTAX M U3BECTHAKAX, a TAKXKE B [JIMHU-
CTO-TIECYAHBIX KOJUIEKTOpaxX ¢ OOJBIIMM COJICPKaHUEM
TIUHBL, Tof JercTtBueM Bo3HuKaromux B II3I1 xaca-
TeJIbHBIX HanpsbkeHui nporunaemocts [1311 cHmkaeT-
cs. DTO, B CBOKO OUY€pe/lb, MOKET MPHUBOJMUTH K 3HAYU-
TENEHOMY TAJICHUIO NeOHTa Make MpU yBETHUYCHHU
IeTIpeccuy Ha 3a00€ B OKPECTHOCTH OTKPBITOTO JHOO
nepGopupoBaHHOTO CTBOJA CKBAXHUHBI. Tak, Mpu
ocBoeHUH CKBKUHBI Ne7197 ChpIMOPBSIXCKOTO MECTO-
poxaernst 000 «JIYKOWMJI-3anagnas Cubupsy [6]
TOCJIeIOBATENILHO co3aBaiuch jaenpeccuu 30, 60 u 90
aTM, M TIIOCIe KaXJOH JempecCud pPaccCUUThIBAIACh
MIPOAYKTUBHOCTh CKBaKUHBI. llocine co3pgaHus Ha 3a-
6oe gemnpeccun 60 aTM TPOLYKTHUBHOCTb CKBAKUHBI
yhaja TPUMEPHO B TOJNTOpa pa3a MO CPaBHEHHUIO C
TIPOTyKTUBHOCTBIO, OTPEEICeHHON Tipu aenpeccuu 30
atM. Kornma nenpeccuto nosenu a0 90 atM, nponyk-
THBHOCTb CKB&)XHWHBI 3HAYUTEILHO BBIPOCIA M TOCIIE
OCBOCHWMSI TPEBBICHIIA TIEpBOHAYANBHYIO mpu 30 aTMmB
YeTbIpe pasza.

Takum 00pazom, MpejCTaBlIEHHbIE B 0030pe Hay4-
HBIX ITyOJMKAINH TEOPETHYECKUE M DKCIECPHMEHTAIb-
HBIE€ HCCIIIOBAHUS MO3BOJIAIOT CHeNaTh BBIBOJ O TOM,
YTO MHAMKATOPHBIE KPUBBIE CKBAKMH MOTYT IPENICTaB-
TSTh CO00HM TpadUKH TOJNIOKUTEIBHBIX (IOUT JOOBIBa-
IOLIe CKBOXKUHBI HE MOXET ObITh OTPHULATEIbHBIM)
HEMOHOTOHHBIX (hyHKIMH. B HacTosmeill cratbe mpea-
JlaraeTcsi BO3MOXKHBIM BapUaHT MOCTPOCHHUS MO HCXO/I-
HBIM HAKOIJICHHBIM I'€0JIOTO-IIPOMBICIIOBBIM JJAHHBIM
HEMOHOTOHHOW WHJMKAaTOPHOM KpHBOHM M €€ NpuUMEHe-
HUE JIJIsl pacyeTa MPOrHO3HBIX JIGOUTOB CKBAKUHBI.

06061eHHOe ypaBHeHUe PoysimHca-1lennxapara

i1 mocTpoeHusT HEMOHOTOHHOM HWHIMKAaTOPHOM
KpUBOW aBTOPHI MpeljiararoT 000OIIeHHEe Kiiaccude-
ckoro ypaBHeHus: Poynunca—Illenmnxapara. Ha puc. 2
MIpE/ICTaBIEH BUJ HEMOHOTOHHON MHAMKATOPHOW KpH-
BOH, MTOCTPOEHHON MO 00O0OIIEHHOMY KIIACCHUSCKOMY
ypaBHeHHuto Poynmnaca—Ilemixapara. ITo cpaBHeHMIO ©
MOHOTOHHBIMH HWHAWKATOPHBIMU KPUBBIMH, MIOCTPOCH-
HBIMH TIO0 KJIACCHUCCKUM YpaBHEHUS (QIUIBTPAINN
(Hapcu, dopxreiimep, kiaccuueckoe ypaBHeHue Po-
ynuHca—1llennxapara), HEMOHOTOHHAsI WHAWKATOpHAs
KpHUBasi, IMOCTPOCHHAs MO OOOOIICHHOMY YpaBHEHHIO
Poynunca—Illennxapara, ToO4Hee ONMUCHIBAET CBOMCTBA
HCXOJIHBIX TPOMBICIOBBIX JaHHBIX. KOHEYHO, MOXHO
OBUTO OBl MOTBITATECS HEMOHOTOHHBIC MHIMKATOPHBIC
KpUBBIE CTPOUTH C IMOMOILBIO IOJMHOMHUAIBHOM arl-
npokcumanuu. Ha 3ToM myTH, Ha 3Tane UCTOPUM yna-
eTcsl, KaKk BHJHO W3 TpauKOB Ha PHUC. 2, MOBBICUTH

TOYHOCTL alIpPOKCUMAIINU TTPOMBICJIOBBIX JTaHHBIX. Ho
3a IpezesaMy dTana HCTOPUH, B 00JacTH pacyeTa Impo-
THO3HBIX NICOWUTOB, TOSBISTIOTCS OTPHUIIATENFHBIC 3HA-
YEHUsS] MPOTHO3HBIX AEOMTOB, UTO YKa3blBACT Ha He-
MMPpUEMJICMOCTb TPUMCHCHUS MOJIMHOMMAJIBHOM ~ aIl-
npoxkcumanuu. IMeHHO mo3Tomy i IOCTPOEHUS He-
MOHOTOHHBIX MHJMKATOPHBIX KPUBBIX PEKOMEHAYETCS
NPUMEHATh IIpeJlaracMoe aBTOpaMH 0000IIeHHOE
ypaBHeHue Poynunca—Illemnxapara:

q(z) — AZc1+cz(fnz)+c3(fnz)2+c4(fnz)3+...+cn(fnz)”’] . (3)
B uwactHom cmydae w3 ypaBHeHus (3), korma
cy=c3=...=c,=0, BbITEKaeT W3BECTHOE ypaBHeHHue Po-

ymunca—Ilemnxapara q(z)=Az"'. Tlostromy ypaBHEHHE
(3) 6ymem Ha3pIBaTh 00OOIIEHHBIM ypaBHEHHEM Po-
ymuaca—1lemxapara.

Eciu Bocnonb30BaThCsl METOJIOM JIOrapu(MUPOBAHUS

(nq(z) = (nd+

+e, +c,(lnz) + ¢ (lnz)” +...+ ¢, (Inz)

n-1

1-lnz =

=Ind+c/nz+c,((nz)’ +¢,(lnz)’ +...+ ¢, ((nz)", ()

Bce kKoadunmenter (nd, c;,cs,...,c, B ypaBHeHuu (3)

MOXHO OyIeT HalTH METOJOM HAWMEHBIINX KBaJapa-
TOB [21].

Hna pacuera xodd¢dunuentoB ypaBHenus (3) 1o
MCXOJHBIM TaHHBIM B TaOJI. 1 TIpeBapuTeNbHO B Cperie

MSExcel [21] cTpowmicst Tpaduk 3aBUCUMOCTH  {ng(z)
ot {nz, npuBeJeHHbIH Ha puc. 3. 3artem i rpaduka

3apucuMoct  {nq(z) ot fnz cpenctBamu MSExcel

cTpowiuch JInHUM Tpenaa 3, 4 u 5 creneneil. Korna
JUHUU TPEHJAA TPEAbIAyIIed W CIEAYIOIed INHUU
MIPaKTUYECKH COBMAAYT, MOCTPOEHUE JMHUN TpEeHJa
npekpaimaercs. st paccmarpuBaeMoro TeCTOBOTO
MpUMepa C WCXOJHBIMH TPOMBICIIOBEIMH JTaHHBIMU
CKBaXXHHBI N TakOW JUHUEH TpeHJa OKa3ajach IMOJIH-
HOMHaJIbHASI JINHUA 5- CTENeHH, MPUBEJICHHON C BBI-
BOJIOM Ha TIe4aTh €€ ypaBHEHUS Ha puc. 3.

B T1abn. 2 mepeunciieHbl HalJCHHBIC C TTOMOIIBIO
MOJMHOMHUAIILHOTO TpeHJia 5 cTeneHu KOd((UIIMESHTHI
ypaBHEHUS (4).

Ta6auya 2. KoaggduyueHmo! ypagHeHust

Table 2. Equation coefficients
LnA A (51 C2 c3 Ca Cs
-0,0562 | 0,94535 | 1,5418 | 5,185 | 59325 | 2,6291 | 0,3954

31

Jlanee ¢ moMoIIbI0 HaiiieHHBIX Koo dueHToB {nd,

€2,C3,. . .,C5 TIO YpaBHEHHUIO (3) MOCTPOMIM HEMOHOTOHHYIO
MHJIMKATOPHYIO KPUBYIO, IPEJICTABICHHYIO Ha pHC. 4.
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OnpepereHve koadduLmeHToB 06O6LIEHHOTO ypaBHeHUsi PoyrmHca-
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Puc. 3. Pacuem kosgpgpuyuenmos ypasHeHnus (4)
Fig. 3.  Calculation of the coefficients of equation (4)

Jns HarMsaHOW OIEHKH TOYHOCTH PAacdeToB IPO-
THO3HBIX JIEOMTOB CKBaXHWHBI N 1O 000OIIEHHOMY
ypaBHenuto Poymunca—Illennxapara ¢ momomnibio
ypaBHEeHHUS (3) paccUMTaIM WX TEOPETHUECKHE 3Hade-
HUS M CPABHUJIM C HAOJIOJABIIMMUCS MPOMBICIIOBBIMHU
JAHHBIMH. Pe3ysbTaThl 3THX pacdyeToB B KOOPIUHATAX
(z,q) npeacraBicHbl B BUje rpadukoB Ha puc. 4, a Ha
JTane UCTOPUU — B KOOpAMHATAaX (Z,q) Ha puC. 5.

q(z) MHavKaTopHas KpyBasi NPUTOKA ra3a K CKBaXWHE 1 NPOMbICIIOBbIE AaHHbIE

1,00

0,95 —

—— [le6uT q(t)-TeopeTnieckast MHOMKaTOpHas kpuasi = [e6uT q(t) - NPOMbICTOBbIE AaHHbIE

Puc. 4. HeMOHOMOHHAsi UHOUKAMOPHAsI Kpueas, Nnocmpo-
eHHasl no 0606weHHOMy ypasHeHuio Poyaunca-
lleanxapoma

Fig. 4. Non-monotonic indicator curve constructed accord-

ing to the generalized Rawlins-Shellhardt equation

CpaBHeHHE C UCXOIHBIMU JTAaHHBIMHA ITOKAa3aJlo, Y9TO
B CpEJHEM Ha dTalrle HCTOPHU OTHOCHTENBHAS OLIHOKA
pacueToB 1eOMTOB MO 0000IIEHHOMY ypaBHEeHUIO Po-
ynunca—1llemnxapara cocraBuna 9,12%. IlonuHomu-
aNbHas almpOKCHMAIIHS TO3BOJIICT HA JTAlle NCTOPUHU
MOBBICUTH TOYHOCTH A0 6,67%. Ho 0600meHHoe ypas-
HCHHE IIO3BOJIICT JAETaTh IIPOTHO3HBIE pacueThl 3a
mpeferaMy dTana HCTOPHH, a IMOJMHOMHAIbHAS arl-
MPOKCUMAIHs B CHIIy 0COOCHHOCTEH AKCTpPAIoInpoBa-
HUS HET.

CpaEHeHme NPOMbICMOBbIX U TEOPETUYECKUX AaHHBIX MO neburam ckBaxuHbl Ha
q(t) 3Tane uctopum

A
i selhic
. i~

0,5

/

Q

q
=/

t, Mec
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= lNpoMmbICrIOBbIE AaHHbIE Ha 3Tane ucTopun

= TeopeTuieckye (no 0606LeHHOMY ypaBHeHuio PoyrmHea - Lennxapara) sHaveHns Ae6utoB Ha
aTane uctopum (eps = 9,12%)

= [1e61TbI CKBaXWHbI MO MOMHOMYArLHOM (5-01 CTeneHu) annpoKCUMaLVMOHHON MOZeIM Ha aTane
vcTopwm (eps = 6,67%)

Puc. 5. BoccmaHosseHue ucmopuu pa6oms! CK8AXCUHbI NO
0606weHHoMy ypasHeHuto Poyaunca-1leaaxapoma
Fig. 5. Recovery of the well operation history using the

generalized Rawlins-Shellhardt equation

Jlist ONTBEPIKICHUST TOCTOBEPHOCTH MPUMCHEHHUS
MpeI0KEHHOTo 0000IIIeHHOT0 ypaBHeHus PoynuHca—
Hlennxapara K ONMHUCAHUIO MPUTOKA Ta3a K CKBAKHUHE
ABTOPBI TAKKE MPOAHATM3UPOBAIU HA ATAIlC UCTOPUHU
KOPPEJILIMOHHOE TIOJIe, OTPaXKAIoNIee TECHOTY CBS3H
MOJIENBHBIX 7e0uToB 1o Poymuncy—Illemxapary (och
Y) u npombiciioBbIX 3HaueHui nedutoB (ock X). ITonb-
3ysice ¢ynkuuet MSExcel KOPPEJI (maccusl; mac-
cug2) [21], rne B kavecTBe Mmaccueal BBHIOMpAIUCH
MPOMBICTIOBBIC 3HAYCHUS JICOUTOB, a B KAUECTBE MdC-
cusa? — MoOHENbHBIE JaeOUTHl 1O PoymuHCy—
[emmxapary, ObUT BRIYHCICH KOAPOUIIMESHT KOppes-
nun [Tupcona [22] MoJeNbHBIX 1eOUTOB ¢ HaOIO/Iae-
MBIMH TIPOMBICIIOBBIME 3HaueHusME. Koaddurment
KOPPENAIMH 7y, KOIMYECTBEHHO OTpPaXKaIOmUi TOT
(hakT, YTO M3MEHYMBOCTH OJHOTO TpH3HAKa Y Haxo-
JIUTCSL B COTJIACOBAHHOM COOTBETCTBHU C M3MEHYHBO-
CTBIO JIPYroro X, OKa3ajics pPaBHBIM 3HAYCHHIO
r=0,585703. Cornaco mnpunaToii B [22] oOmeii
KJIACCU(DHUKAINKN KOPPEISIIUOHHBIX CBSI3¢H CBSI3b CUH-
TaeTCsl:
® CUIbHOU, UnU MecHoll, TIPU KOdIPPUIMEHTE Koppe-

TALUA [17,|>0,70;

e cpeoneii ipu 0,50<|r,,|<0,70;
o ymepennoti npu 0,30<r,,[<0,49;

cnaoboii npu 0,20<|r,,[<0,29;

oueHb c1abou pu |r,,|<0,19.

Brruucnennoe 3nadyenue r,,=0,585703 xoadduim-
€HTa KOPPEIIMK TO3BOJSIET CIACNIATh BBIBOJ O CPEli-
HEeH cuiie KOPPESIIIMOHHOW CBSI3U PACCUNTHIBAEMBIX
JIOUTOB CKBaXHUHBI N 1O 00O0OIIEHHOMY YPaBHEHUIO
Poymunca—Illennxapara ¢ HaOMIOZaEMBIMH TIPOMBIC-
JIOBBIMH 3HAUEHHUSIMH JEOHUTOB 3TOM CKBaKMHEI. 3aMe-
THM, YTO Ha TOYHOCTH PacueTOB NEOUTOB CKBAXKHH IO
0000menHomMy ypaBHeHuto Poymmuca—Illemnxapara
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00JBIIIOE BIMSHUE OKAa3bIBAET KAueCTBO MPENOCTaBIIs-
€MBIX MCXOJHBIX JaHHbIX. 13 puc. 1 ObUIO BUIHO, 4TO
W3MCHECHUS BO BPEMEHH J1e0NTa CKBAKUHBI U IETIPECCHI
Ha IUIAaCT, Ha 3Tarle UCTOPUM UMEIOT OOJIbIIOE «3allyM-
JICHHWe», TaK KaK €CTh MHOTO y4YacTKOB, Ha KOTOPBIX
HAOJTIOAeTCsl CIOHTAaHHOE HECOOTBETCTBHE MEXKIY H3-
MEHEeHUsIMH AeOMTOB W Jenpeccud. MIMeHHO 3To ams
JTAHHOW KOHKPETHOM CKBa)KUHBI N 00YCIOBHUIO OTHOCH-
TENBHYIO OMMOKY pacdeToB ne6uToB B 9,12 % u 3Haue-
Hue kod(puiuenta koppensauuu 7,,=0,585703. Tem He
MeHee, Ha MpuMepe CKBAXUHBI N comocTaBiieHue (ak-
THYCCKUX U MOJENBHBIX 3HAUCHUH EeOHTOB ITO3BOISCT
c/ienaTh BHIBOI O pabOTOCIIOCOOHOCTH OOOOIIECHHOTO
ypaBHeHus Poynunca-Illemnxapara mpu pacuerax mpo-
THO3HBIX JEOUTOB CKBAKHUH.

IIppuMeHeHNe 06061IeHHOT0 yPaBHEHHUA
PoysmHca-1llesixapara Ajid pacyeTa
NPOTrHO3HBIX Je6GUTOB CKBAXKHUHBI

B kagectBe mpumepa NpHUMEHEHHUS O0OOIEHHOTO
ypaBHenusi Poynunca—Illennxapara mposenem pacue-
THI TIPOTHO3HBIX JICOMTOB CKBKUHBI N ISl TpEX pas-
HBIX PEXUMOB €€ OJKCIUTyaTallMd C TpeMs pasHbIMHU
TTOCTOSIHHBIMU JIeTIpeccusiMu. [IepBbIi peKUM IKCILTY-
aramuu ¢ aenpeccueit D=30 arm, BTOpoi — ¢ gemnpec-
cueit D=25 atm, u Tpetuit — ¢ genpeccuerd D=20 atm.
AJITOPUTM pacdeTa TPOTHO3HBIX JIEOUTOB Ta30BBIX
CKB&XWH 10 0000IIEHHOMY ypaBHEHHIO PoymuHca—
[lennxapaTra TOYHO TAaKOM K€, KaK M MO CTENEHHON
anmpoKCUMAIlMOHHOM MareMarndeckol mozenu Po-
ynmuaca—1llemnxapara [1]. Pa3anna numb B TOM, 9TO
BMECTO  KJIACCHYECKOro  ypaBHeHus  PoynuHca—
Iemnxapara B pacdyerax MpUMEHsETCs 0000IIeHHOe
ypaBHeHue (3). IMEHHO Mo3TOMYy Jajiee BCe POMEKY-
TOYHBIC JICTAIM PACYCTOB OYAYT OIMYCKAThCS M MPUBO-
JIUTHCS JIUIIb OKOHYATENbHbIC PEe3yJbTaThl B TaOIW4-
HOM U TpauecKoM BHJIC.

PacdeTsl mporHO3HEIX NEOUTOB HAUYMHAEM C Ompe-
JIeNIeHUs] 10 HMCXOJHBIM JaHHBIM B cTojOumax 4 u 5
Tabs. 1 ypaBHEHHUs JIJIs pacueTa MIacTOBOTO JIaBJICHHS
[0 HAKOIUIEHHOMY 00BeMy HM3BIICUEHHOTO rasza. Takoe
ypaBHEHHE B BUJIC YPABHEHUS JIMHUU TPEHAA MPUBEIe-
HO Ha puc. 6.

3areM BBIOMpacM KOHKDPETHBIH OTPE30K 3HAYCHHU
0<x<X;prs=2,1. DTOT OTpe30K pa3buBaeM PaBHOMEPHO
pacrnpeneneHHbIMM TOYKaMM JI€J€HHUsS Ha HECKOJIbKO
yacteil. B Tabn. 3 paBHOMEpPHO pacmpeseneHHbIE 10
oTpe3Ky 0<x<X;p=2,] TOUKM NEJIECHHA X; 3aHECEHBI B |
cronbel.

B kaxmoii Touke neneHus x; o Gopmylie ypaBHEHHS
JUIS pacueTa TUIACTOBOTO JIABJICHUS, MPUBEICHHOTO Ha
puc. 6, BbIUUCIISIEM NPOTHO3HBIE 3HAYEHUS IIaCTOBOIO
JIABJICHUS M 3aHOCHUM PE3yJbTaThl B cTonOer 2 tad. 3.

[To BBIYMCICHHOMY IJIACTOBOMY JIABJICHUIO M 3a-
JTaHHBIM JCTIPECCHSIM BBIYHCIIIEM 3a00IHbIC JaBICHNS,
3aHECEHHbIE B CTONOLBI 3—5.
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nOCTpOeHMe aI'II'IpOKCl/IMaLlIAOHHOIZ 3aBMCUMOCTU MraCcTOBOro AaBrieHns ot
HaKoMreHHOro o6bema M3BreYeHHoro rasa

P,atm

140

\\

135

130

y=-23,70358x + 141,60221

125 R? = 0,98637

120

~I

1,0

X

115

0,0 01 0,2 0,3 04 05 0,6 0,7 08 0,9

= 3aBUCUMOCTb MIACTOBOrO AABIIEHUS OT HAKOMMEHHOro o6bema U3BIIEYEHHOro rasa no
NPOMBbICIOBbIM A@HHBIM

— rpa¢w|K aI'II'IpOKCI/IMaLLVIDHHOIZ 3aBUCUMOCTM MacToBOro AaBrieHUs OT HAKOMMEeHHOro
obbema u3BredeHHoro rasa (eps = 0,5%)

Puc. 6. OnpedeseHue no ucxod0HblM 0aHHbIM 3mana ucmo-
puu ypasHeHus 3a8UCUMOCMU N/AACmMosozo dasJe-
HUs 8 30He OpeHUpo8aHUsl 0M HAKONJAEHHO020 06é-
Ma u3ene4éHHO020 2a3a

Fig. 6. Determination of the equation for the dependence of

reservoir pressure in the drainage zone on the
accumulated volume of extracted gas based on the
initial data of the stage of history

[To 3HaueHMSAM ITACTOBOTO M 3a00WHOTO JABICHHUN
BBIUHCIITIOTCS] KBaIPATHIHbIC ACTIPECCHH 21, Z; H Z3, & TI0
HUM 10 ypaBHEHHIO (3) ¢ KoapdumeHramu u3 tadm. 2 —
MPOTHO3HBIE ACOUTHI ¢, ¢» U ¢3. Ilocnenuue B Tabmd. 3
TIEPEYNCIICHBI B CTOJIOAX 6—8 COOTBETCTBEHHO.

[To BBIYMCIEHHBIM MPOTHO3HBIM JeOUTaM B KOOP-
nuHatax (x,q) (tabm. 3, cromben 1, 6-8) Haxoaum
YpaBHCHHUS TIONXOMSAMINX JHHUM TPEHAOB UL TIPO-
THO3HBIX AEOUTOB g=¢(X).

Ha puc. 7 Takue ypaBHEHHS NPOTHO3HBIX JSOUTOB
¢g=q(x) MIpUBEIICHBI.

OOHapyKUIIOCh, YTO OOIIMUM SIBJISIETCSA TO, UTO JJIS
BCEX paccMaTPHUBAaEMBIX DKCILTYyaTallHOHHBIX PEKHUMOB
YpaBHEHUS MPOTHO3HBIX JEOMTOB ¢(X) UMEIOT OOIINi
BUJ

(6))

U OTJIIMYAIOTCS TOJBKO Kod(duimentamu. [losTomy u3

nuddepeHuansHoro ypaBHeHus (2) ams pacuera Bpe-

MEHHU ¢, B KOTOpPOE MPOTHO3HBIH JeOUT NPUHUMAET
a—bx,

3HaueHue ¢(x), moiydaem Gopmyiry
o) ©
rae w=ob.

Jlanee 3 ypaBHeHUst (6) HAXOIUM SIBHYHO 3aBHCH-
MOCTB H3BJICKaeMbIX 00BEMOB ra3a x=x(f) OT BpeMEHH f:
a -
(Z_xlj e (UT'
Hanee mo ¢opmyne Haxomum (2) aHATUTHUYECKOE

BBIpQ)KEHHE 3aBHCHMOCTH MPOTHO3HOIO aeduTta OT
BPEMEHHU:

g(x)=a—bx

X

J

X

]

R

1

1)

dx

ax 1 dx
g(x) o

a—bx

L

@

r=t—t =
a—bx

O]

b

xX= xnpm(z') =
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1 dx,,., () [To dopmynam (7), (8) ObLIM MOCTPOCHBI TOKA3aH-

Dopra (1) = s a4 (8)  HbI€ Ha pHC. 8 rpaMKN MPOTHO3HBIX NEOMTOB CKBAXH-

( b ) o HBI 1 TIPOTHO3HBIX 00BEMOB M3BJIEKAEMOTO €10 ra3a Juis
=(a—bx)e .

DKCIUIyaTallUd B PEXKUME TPEX Pa3HbIX IIOCTOSHHBIX
Jenpeccuil. BeIoop Ha MpakTHKe KOHKPETHOTO PEeXMMa
9KCIUTyaTaluy OyJIeT OCYIIECTBIATHCS 110 Pe3ysIbTaTaM
TEXHUKO-DKOHOMHUYECKOIO  aHalu3a  IOCTPOCHHBIX
rpa¢HuKoB.

[To dopmyne (6) ObUTH paccYUTaHBI BpEMEHA MPO-
THO3HBIX J1€OMTOB, 3aHECEHHBIE B CTONOIBI 9—11 B
Tabm. 3.

Ta6auya 3. Pesysabmambl pacuemos npo2HO3HbIX 0ebUmos 0151 pexcuMos IKCNAyamayuu CK8AMCUHbl C mMpeMsl pa3HbIMU No-
CMOSIHHbIMU denpeccusimu

Table 3. Calculation results of forecast flow rates for well operation modes with three different constant drawdowns
p_mia(x) p_3ab61(x) p_3a62(x) p_3a63(x) ¢ N N
X p_res(x) p_boti(x) p_botz(x) p_bots(x) q=q1(x) q=q2(x) q=q3(x) ! g i
aTtM/atm Mec/month
1 2 3 4 5 6 7 8 9 10 11
1,05 116,71 86,71 91,71 96,71 0,82 0,74 0,65 37,64 37,83 38,08
1,1 115,53 85,53 90,53 95,53 0,81 0,73 0,65 39,30 39,68 40,17
1,15 114,34 84,34 89,34 94,34 0,81 0,73 0,64 40,97 41,54 42,27
1,2 113,16 83,16 88,16 93,16 0,80 0,72 0,64 42,65 43,41 44,37
1,25 111,97 81,97 86,97 91,97 0,79 0,71 0,64 44,35 45,30 46,48
1,3 110,79 80,79 85,79 90,79 0,79 0,71 0,63 46,06 47,20 48,60
1,35 109,60 79,60 84,60 89,60 0,78 0,70 0,63 47,79 49,11 50,72
1,4 108,42 78,42 83,42 88,42 0,77 0,70 0,63 49,53 51,04 52,86
1,45 107,23 77,23 82,23 87,23 0,77 0,69 0,62 51,29 52,99 55,00
1,5 106,05 76,05 81,05 86,05 0,76 0,69 0,62 53,06 54,94 57,15
1,55 104,86 74,86 79,86 84,86 0,75 0,68 0,62 54,85 56,92 59,31
1,6 103,68 73,68 78,68 83,68 0,75 0,68 0,62 56,65 58,90 61,47
1,65 102,49 72,49 77,49 82,49 0,74 0,67 0,61 58,47 60,91 63,64
1,7 101,31 71,31 76,31 81,31 0,73 0,67 0,61 60,31 62,93 65,82
1,75 100,12 70,12 75,12 80,12 0,73 0,66 0,61 62,17 64,96 68,01
1,8 98,94 68,94 73,94 78,94 0,72 0,66 0,61 64,04 67,01 70,21
1,85 97,75 67,75 72,75 77,75 0,71 0,65 0,61 65,93 69,08 72,41
1,9 96,57 66,57 71,57 76,57 0,71 0,65 0,61 67,83 71,16 74,63
1,95 95,38 65,38 70,38 75,38 0,70 0,64 0,61 69,76 73,26 76,85
2 94,20 64,20 69,20 74,20 0,69 0,64 0,61 71,70 75,38 79,08
2,05 93,01 63,01 68,01 73,01 0,69 0,63 0,60 73,66 77,51 81,32
2,1 91,82 61,82 66,82 71,82 0,68 0,63 0,60 75,65 79,67 83,56
1,05 116,71 86,71 91,71 96,71 0,82 0,74 0,65 37,64 37,83 38,08
1,1 115,53 85,53 90,53 95,53 0,81 0,73 0,65 39,30 39,68 40,17
1,15 114,34 84,34 89,34 94,34 0,81 0,73 0,64 40,97 41,54 42,27
1,2 113,16 83,16 88,16 93,16 0,80 0,72 0,64 42,65 43,41 44,37
1,25 111,97 81,97 86,97 91,97 0,79 0,71 0,64 44,35 45,30 46,48
1,3 110,79 80,79 85,79 90,79 0,79 0,71 0,63 46,06 47,20 48,60
1,35 109,60 79,60 84,60 89,60 0,78 0,70 0,63 47,79 49,11 50,72
1,4 108,42 78,42 83,42 88,42 0,77 0,70 0,63 49,53 51,04 52,86
1,45 107,23 77,23 82,23 87,23 0,77 0,69 0,62 51,29 52,99 55,00
1,5 106,05 76,05 81,05 86,05 0,76 0,69 0,62 53,06 54,94 57,15
1,55 104,86 74,86 79,86 84,86 0,75 0,68 0,62 54,85 56,92 59,31
1,6 103,68 73,68 78,68 83,68 0,75 0,68 0,62 56,65 58,90 61,47
1,65 102,49 72,49 77,49 82,49 0,74 0,67 0,61 58,47 60,91 63,64
1,7 101,31 71,31 76,31 81,31 0,73 0,67 0,61 60,31 62,93 65,82
1,75 100,12 70,12 75,12 80,12 0,73 0,66 0,61 62,17 64,96 68,01
1,8 98,94 68,94 73,94 78,94 0,72 0,66 0,61 64,04 67,01 70,21
1,85 97,75 67,75 72,75 77,75 0,71 0,65 0,61 65,93 69,08 72,41
1,9 96,57 66,57 71,57 76,57 0,71 0,65 0,61 67,83 71,16 74,63
1,95 95,38 65,38 70,38 75,38 0,70 0,64 0,61 69,76 73,26 76,85
2 94,20 64,20 69,20 74,20 0,69 0,64 0,61 71,70 75,38 79,08
2,05 93,01 63,01 68,01 73,01 0,69 0,63 0,60 73,66 77,51 81,32
2,1 91,82 61,82 66,82 71,82 0,68 0,63 0,60 75,65 79,67 83,56
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Pacuet B koopanHaTtax (x,q) NPOrHO3HbIX AEOUTOB q(X) AN Pexumos
3KCMMyaTauMn C pasHbIMM AEnpeccusami Ha nnact

ax)
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y =-0,133033x + 0,952663
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y = -0,045169x + 0,690546
R? = 0,952480
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[MporHo3HbI Ae6UT g(Xx) Ans 1-ro pexuma akcnnyaTamm

[MporHo3HbI AeBUT g(X) ANs 2-ro pexuma aKcnnyaTalum

TporHo3HbIit AebUT q(X) ANs 3-ro pexvma akcnnyaTaLum

- = = = JIuneitnblit (MporHo3HbIN AeBUT q(X) ANa 1-ro pexuma akcnnyaratum)
= = = = JInHeiHbI (MporHo3HbIN AeBUT q(X) Ans 2-ro pexuma aKkcnnyaTaLmum)
MporHoaHbIN AebuT q(x) Ans 3-ro pexviMa akcnyaTawum)

= = = = JInHenHbIi

Puc. 7. OnpedesneHue ypagHeHull npocHO3HbIX O0ebumos 8
KoopduHamax (x,q) no daHHbIM maba. 3 ecmoa6yax
1,6-8

Determination of the equations of predicted flow
rates in coordinates according to Table 3 in columns

1,6-8

Fig. 7.

MporHosHble AebuTbl 1 HakanmBaemble o06beMbl M3Brekaemoro rasa

q(t) CKBaXvHOW Ans Pas3MyHbIX PEXUMOB 3KCryaTauum X(t)
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TMPOrHO3HBIN AeBUT CKBaXWHBI AnNs 1-ro pexviMa akcnyaTauum

TMPOrHO3HbIV E6UT CKBaXMHBI ANA 2-T0 peXxuMa dKCnyaTaLum

MporHosHbI AeBUT CKBaXMHBI Ans 3-ro pexvuma aKkcnnyataumm

= = =TlporHosHble HakaniMBaemble O6bLEMbI W3BNEKAEMOTO CKBaKMHOW ra3a mpu 1-oM pexume
aKcnnyarauut

- npOI’HOSHbIe HakanmMBaeMble O6beMbl U3BMEKAEMOrO CKBaXWHOW rasa npu 2-om pexunme
akcnnyarauun

= = = [pOrHo3HblE HakannMBaemble OGbeMbl W3BEKAEMOro CKBaXWHOW rasa npu 3-em pexume
aKcnnyarauum

Puc. 8. T'paguku npozHo3HbIx de6UMo8 CK8AXCUHbI U NpPO-
2HO3HbIX 065eM08 U38/1eKaemM020 2a3a 0151 IKCNay-
amayuu 8 pexcume mpex pasHblX NOCMOSIHHbIX de-
npecculi

Fig. 8. Plots of predicted well flow rates and predicted

volumes of recoverable gas for operation in the mode
of three different constant drawdowns
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3ak/I4yeHue

Teoperndeckass 3HaUUMOCTb CTaTbU B TOM, YTO B
HEl BIEpBBIE MPEUIOKEHO O00Ilee HAMIUPUIECKOe
ypaBHEHHUE NPUTOKA Ta3a K CKBaKMHAM — 0000IIEeHHOe
ypaBHenue Poynunca—Illennxapara. Brnepsbeie mpen-
JOXKEH aNrOpUTM pacueTa Kod(QQUIMEHTOB 3TOrO
yYpaBHEHUS 110 HAKOIJIEHHBIM Ha JTane HCTOPUM OT-
YETHBIM TI'€0JIOrO-IIPOMBICIOBBIM JaHHbIM. Ha mpuse-
JACHHOM INPpUMEPE NO0Ka3aHO, YTO B OTJIMYMUEC OT CTaH-
JApTHBIX KJIACCHYECKUX CUTyalUi, Koraa MHIUKATOp-
Hasg KpuBas NPUTOKA raza K CKBAaXMHE HOCHUT MOHO-
TOHHBIM XapakTep, 0000IIeHHOE ypaBHEeHHE PoyiuH-
ca—IllennxapaTra MOXKET ONKUCHIBATh KAaueCTBEHHO HO-
Bble OCOOCHHOCTH INPHUTOKA raza K CKBaKHWHE, KOTIa
WHAMKATOpHAs KpuBas HeMOHOTOHHA. [locnenHee oco-
OCHHO BaXXHO JUISI Ta30100bIBArOINCH TPAKTHUKH, TaK
KaK COBPEMEHHbIE HKCIIEPUMEHTAJIbHbBIE HCCIIE0BAHUS
0 BJIMSHUU HaNpsSKEHHO-Ie(OPMHUPOBAHHOTO COCTOS-
HUSI TOPHBIX TOPOJ Ha (UIBTPALMOHHBIM MpoIecc M
JIeOUT CKBaXHMH MOKA3bIBAIOT, YTO WHAUKATOPHBIC KPH-
Bbl€ IEHCTBUTEIIBHO MOTYT OBbITh HEMOHOTOHHBIMU.

HpaKTI/I‘lCCKaH 3HAYUMOCTh CTAaTbH B TOM, YTO B
HEll BIEpBbIE NPEAJIOKEHBI TEOPETUYECKHE OCHOBBI
MEPCIEKTUBHOTO IUTAHUPOBAHUS O00BEMOB  JOOBIYU
CKBOXMHAMU Ta30/100bIBAIOIIETO NPEANPUATHS TpH-
ponHOro raza Ha 5—7 JeT BHepel, Kak JUisl Kilaccuye-
CKHUX CHUTyallui C MOHOTOHHBIMM HMHIUKATOPHBIMHU
KPUBBIMHU, TaK M JJsl TIPUHIMIMAAIGHO HOBBIX CHUTYya-
HHﬁ C HECMOHOTOHHBIMU MHUKATOPHBIMH KPUBBIMU.

BriepBbie Ha KOHKPETHOM NPUMEpE IPEICTaBIIEH pac-
YeT MPOTHO3HBIX JEOUTOB CKBAYKHHBI 1O 3aJIaHHBIM HC-
XOIHBIM T'€OJIOTO-ITPOMBICIIOBBIM TaHHBIM, HAKOIUJICH-
HBIM Ha 3Tale HUCTOPHH, A Pa3HbIX TEXHOJIOTMYECKUX
PEKUMOB SKCILTyaTalli. JTOT MOAXOJ MPUHIMITHAIBHO
OTJIMYAETCS OT MPEUIOKEHHBIX paHee APYIMMU aBTOpa-
MH METOZIOB pacyeTa MPOTHO3HBIX JEOUTOB, OCHOBAHHBIX
Ha MPUMEHEHWH BPEMEHHBIX PS/IOB, HE YYMTBHIBAIOILIMX
BO3MOKHOCTh n3MeHeHus DEC 1macToB OT Aenpeccuy.

[pemmoskeHHBII TIOXO] pacieTa MPOrHO3HBIX JICONTOB
CKB&)KMH MMEET MOTEeHIMAN /Ul JajbHEHIIero pa3BuTys u
ABTOMATH3AIMY, TaK KaK 3HAYUTEIBHO YIPOCTUT MPOLECC
IUTAHUPOBAHMS TCOJOTO-TEXHIICCKIX MEPONPUATHIA U OI-
THMU3AIIH Pa3pabOTKH Ta30BBIX MECTOPOKICHHIA.

JanpHelinme uccneaoBaHus MOTYT ObITh HampaBiie-
HBl Ha YYeT JIpYyrux (hakTOpOB, BIHSIOMINX HA ACOUTHI
CKB&KHH, TAKHX KaK T'€OJIOTMIECKHE OCOOCHHOCTH IIIa-
CTa U CTPYKTYpHbIE MapamMerpbl. DTO IMO3BOJIUT YIIyd-
IIATH TOYHOCTH NPOTHO3UPOBAHUA U aJallITUPOBATH ME-
TOJUKY K KOHKPETHBIM I€0JIOTHYECKUM YCIOBUSM.

B nenom npeanioskeHHbIH MOJIX0 K MPOTHO3UPOBa-
HHUIO A€OWTOB TA30BBIX CKBAXHH NP H3MEHSIOIINXCS
JAaBJICHUAX B IINIACTEC MMECT H_II/IpOKI/Iﬁ IIOTCHUO A IJIs
MpUMEHEHMsI B ra3ojo0biBaromeii otpaciu. OH obec-
nevrBaeT 0ojee HaJeKHbIe U TOYHBIE MPOTHO3HI Je0u-
TOB, YTO CIIOCOOCTBYET ONTHUMH3ALUH IPOIECCOB JI0-
OBIYM U YBEIMYCHUIO d3(PPEKTUBHOCTH HCITOIb30BAHHMS
ra30BBIX PECYPCOB.
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