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AHHOTanusA. B nammHoil ctarbe paccMaTpuUBaeTCs UICHTU(UKAINN TaPAMETPOB MATEMATHIECKON
MOJIeJTH, OCHOBAHHOI Ha nd depeHImaIbHOM YPABHEHUHN € JPOOHBIME TPOU3BOIHBIME. C TOMOIIBIO
9TOIl MOJIEJIN OIUCHIBAETCH YCTAHOBUBIIIEECS TEYEHHE B CKBaKMHE B TPEIIMHHOM J1edOpMUPOBaH-
HOM I1j1acTe. PaccMarpuBaemasi MOJIEb MOXKET OBbITh UCIIOJIb30BaHA U IIPHU pa3paboTKe HeTIHBIX
MECTOPOXKIEHU ¢ TPEIUHOBATHIME KOJLIeKTopamu. U nenTudukanus mapaMerpa oCyIIeCTBIsIAChH
C MIOMOIIBIO ONITUMU3AINN [TOKA3aTe Isi KAYeCTBa aIeKBATHOCTH MATEMATHIECKON MOJEIn - KO-
durmenTa gerepMunanuu. Takzke ObLIa IPEICTABICHA TEXHOJIOTHS IPOIHO3UPOBAHUS PE3YIIHTATOB
JaBJIEHNH, JIJIs1 00JIaCTH, B KOTOPOIl He IPOBOJIMIINCH SKCIEPUMEHTaJIbHbIe n3Mepenus. 1Ipeaiara-
eMasl TEXHOJIOTUS CONPOBOXKJIEHA PACYETaMHU.
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BMECTO PEAJBLHO CYIIECTBYIONIEr0 00bEKTa PACCMATPUBAIOT MATEMATHIECKYIO MOJIE/Tb, KO-
TOpasi OTParkaeT OCHOBHBIE CBOMCTBA PeAJbHON TeXHUYEeCKO cucreMbl. dP(PEeKTUBHOCTD
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pa3pabOTKN MECTOPOXKJICHUN HAIPSIMYIO 3aBUCAT OT COCTOSTHHS HPU3a00iHOM 30HBI CKBa-
x)unbl ([I3C) — yuacrka miacra, IPUMBIKAIONIEr0 K CTBOJY CKBaXKUHBL. Tak Kak B Ipejie-
stax [13C usMmeHsIIOTCST PUIIBTPAIMOHHBIE XaPAKTEPUCTUKHY POy KTUBHOIO ILJIACTA, Ha BCEX
3Tarnax pa3zpaboTKU MECTOPOXKIECHNI HEOOXOINMO BECTH PErUCTPAIINIO 3200 HOTO JaBIeHUsT
[1]. DxcrepumenTaibHOe Onpeiesienne 3ab0HHOIO JaBJIeHUST, COPOBOXKIAETCS HEKOTOPBIMU
IIOT'PEITHOCTSIMU, KOTOPBIE MOTYT CHU3UTh TOYHOCTD IIOCTPOCHUS MHINKATOPHBIX JTUHUN U
BbIUHCIeHHs] KoddduimenTa npogaykrusaocTi. B pabore |2] paccmarpuBaercs aByxmepHasi
3ajavua YCTAHOBUBIIETOCA TEUCHUS KUIKOCTU IJIsi CKBaXKUHBI B TPEITUHOBATOM JedopMu-
POBAHHOM ILJIACTE, KOTOPasi ONUChIBaeTCsl ypaBHenueM (1)

P'(r)[D*P(r)]*> = a(r)D*P(r) + b(r), 0<a <1 (1)

C Ha4YaJIbHBIM YCJIOBUEM

P(0)=0.
JlaHHOE ypaBHEHUE COIEPKUT OIepaTop JApoOHOrO JuddepeHIMPOBaHUS U OIUCHIBACT

3aBHCHMOCTH MOIITHOCTH CJ10sT H , BCKpBIBAE€MOTO IIJIaCTa, OT 3HAUEHNIT IPA/IHEHTa JTaBJICHIs
V P. ¥Ypasuenue (1) cBoauTcst K cucreMe ypasnenuii (2)

{ D% (r)[o(r)]* =a(r)v(r) +b(r), (2)
DYP (r) = v (r),

C 'PaHUYHBIM YCJIOBHEM

P(0)=0.
B cayuae P (0) = ¢ # 0, npumensiem 3ameny nepemennoit Py (r) = P(r) — ¢, upu sTom
HOBasi QYHKIMs Tak ke OyJeT yJoBIeTBopsATh ypasuenuio (1) [2].
Q' — HMIIUPUIECKHH KOI(DMDUIMEHT, OMUCHIBAIONIMNA U3MEHEHNE MOIIHOCTU CJIOS B 3aBUCH-
MOCTH OT I'DaJIMEHTA JIABJICHHUS.
Suadenne [ BBIYUC/IACTCH KakK:

=1-a.
Koadbdurmentsr a (1) u b (r) BEIMUCASAIOTCT KAk
nQ VPG
_ crit . 3
(T) 27Trhk ? ( )
phx (QIVPlo )’
b(r) = ’ ( 5 L) re0,my], (4)

ryie VP — rpaJiuenT JgaBjieHust, U — BEKTOP CKOPOCTH, k — IPOHUIIAEMOCTD CPEJIbI, U — MOJLYJ/Ihb
U, [t — BSI3KOCTDb YKUJKOCTHU, [ — KOHCTAHTA MPOIOPIMOHAJILHOCTH, Ty — PaJUyC KOHTYPa
UTAHUS.

Ha puc. 1 upejicraBienbl 3aBUCUMOCTH, Oy YEHHbBIE DU PEIIIEHUH YUCJIEHHBIM METOIOM
¢ nomortpio nporpaMMbl MATHCAD ypasrenust (1) u npu pasiudHbIX 3HAYECHHUSIX @ CO
corety oMy napamerpamu 3|

10°TIa

p=10""Ma-c, k=10"%u* h=10m, |VP|,,; =2.5" . Be = 103¢c/m,

cry

Q=115x10"°" m3/c.
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Puc. 1. BaBucnMocTh m3Menerns gasiernsa P ot r mpu Q = 11,5 x 107° M3 /c n npm pasmmambx a.

Kaxx 10/t cKBayKMHe COOTBETCTBYET KOHKpETHast BemanHa . Onpe/e/uTh ee MOXKHO IIy-
TeM 0OpabOTKM 3aBUCHMOCTH JIEHiCTBYIONIEH TOJIIMHBI IIJIaCTa OT PaJMeHTa JIABJICHUS,
HOJIy9aeMOil B pe3ysibraTe MPOMBICIOBBIX ncciegoBannii. [lostomy mnenrndukanus napa-
MeTpa (v SIBJISETCsT BasKHeHIeil 3a/aqeil Jyist allPOKCUMAIINH TT0JIY IeHHbBIX HCCJIe/I0BAHII.

B nanHoii crarbe J7Is HCCIIEI0BAHIS PACCMATPUBAIOTCS SMIIMPHUIECKUE JTAHHBIE H3Mepe-
HUSl JaBJIeHUT B Ipu3abOiHBIX 30HAX HECKOJIbKNX CKBazkuH CraBpomosbckoro kpasi. Ha
PHCYHKE 2 HPUBEJICHBI 3aBHCHMOCTH PE3y/IbTATOB M3MEPEHUil JaB/IeHNil Ha PACCTOSHUM T
OT CTBOJIA, CKBayKUH 110J] HOMepoM 1 u 2. B Tabmmnmax 1, 2 9Tu 3HaveHns IPEICTABICHEI B
YHCI0BOM Buje [2].
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Puc. 2. DMmnupunyeckue naHHble N3MEHEHUs HaBaeHusl P B Mpu3aboiHBIX 30HAX.

MeTtona uccjieJoBaHUs
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R, m 2 4 7 12 14 18 21 25 29
P, ITa -10~% | 6.3 | 97 14 | 17.05|17.85|19.25 | 20.15 | 21.15 | 22

R, m 33 | 37 42 47 50 93 56 60 67
P, Tla -107% [ 22.8 | 23.5[ 24.35 | 25.1 | 25.4 | 25.8 | 26.25 | 26.75 | 27.67

R, m 72 | T4 78 81 85 89 93 97 100
P, Tla -107% | 28.2 | 28.4 | 28.7 29 294 | 29.7 | 30.03 | 30.33 | 30.6

Tabauna 1. DKcrepuMeHTaIbHBIE 3HAYEHUS JJIsi CKBasKUHbBI Nel.

R, m 2 3.5 6 7 8 9 |10.5| 12 13
P, ITa 10~* | 1.27 | 1.58 | 1.87 | 1.96 | 2.04 | 2.15 | 2.23 | 226 | 2.32
RMm 145 17 | 20 | 22 | 24 | 28 | 31 33 | 36
P, ITa 10~* | 2.36 | 2.44 | 2.51 | 2.55 | 2.58 | 2.63 | 2.67 | 2.69 | 2.72

R,Mm 38 | 40 [41,5| 45 | 48 | 51 53 | 56 | 59
P, ITa 10~* | 2.74 | 2.77 | 2.78 | 2.82 [ 2.84 | 2.86 | 2.88 | 2.9 [ 2.92

R 61 63 | 65 | 67 | 69 | 71 73 | T4,5 | 76
P, ITa 10~* [ 2.93 | 2.94 | 2.95 | 2.96 | 2.97 | 2.98 | 2.99 [ 2.99 | 3

R 79 | 83 | 8 | 88 | 90 | 93 | 95 | 97 | 100

P, ITa 10~* | 3.02 | 3.04 | 3.05 | 3.06 | 3.07 [ 3.09 | 3.1 |3.11] 3.12

Tabsmmna 2. DKcrepuMeHTAIbLHBIE 3HAYSHUS JIJId CKBAXKUHBI N2,

MeToabl MaTeMaTHIECKOT0 MOJEINPOBAHNS IIINPOKO IIPUMEHSIIOTCS B Pa3InIHBIX 00J1a-
CTSIX HAYKU IIPOM3BOJICTBA U TEXHUKH, HAIpUMeED, SKoHOMuKH [4-8), )kusorHoBoctse [9,10],
Ha npe/upusTusx HedrTerazopoit orpacau [11,12,13] u apyrux. Ilpumenum ujero nporto-
3UpOBAHUS JjII MOeseil, OCHOBAHHBIX Ha JuddepeHnnaabHblX YPABHEHUIX C JIPOOHBIMA
IIPOU3BOIHBIMH.

[Tpennmaraem naeHTUMUKAIINIO TapaMeTpa JPOOHOM MPOU3BOIHOMN /15T KOHKPETHOM CKBa-
JKWHBI TIPOU3BOIUTE C ITOMOIIBI0 MAKCUMUBAIUN IUCICHHOTO MTOKA3ATEe IsI KA9eCTBa MaTe-
MaTUIECKON MOAEIN - KO3 DUIMeHTa JeTepMITHAIINN (R2). Koaddburment nerepmunarum
OyIeT ABIATHCI MEPOH aJIeKBATHOCTU MaTeMaTudeckoit mojaenn. Koaddurment nerepmu-
Haluu paBeH 1 B ciiydae abCOMIOTHON CXOIMMOCTH I'PadUKa IUCICHHOTO PEIIeHUsT ¢ KPUBOMH
9KCIIEPEMEHTAJILHBIX JTAHHBIX. B HalreMm ciydae Ko3(MDPUITUEHT IeTePMUHAIINU ONPEIeIs-
€TCsl KaK:

Doer n— 1 (5)
D06m n — 2’

e n— KOJUYIEeCTBO PaCcCMaTPpUBAEMbIX 3HadeHuil, n — 1— cremeHb cBOOOIBLI Jjist OOIei
quctepenst (Dogyy), 1 — 2—crenenb cBo6oabl 1yt ocrarodnoii guctepcuu (Doer):

RZP=1-

n
DOCT:Z(P’:_P’Z)' (6)

1
Pq,.ql — 3Ha4YCHUA ,ZLaBJIeHI/Iﬁ B TO4YKaX 7T, IHOJYyYCHHBIC IIPpX YHUC/JIEHHOM DEHICHHUHN 3a/lav9n
(1), P?, — m3MepeHns MOJTyYeHHOe IIPU SKCIIEPUMEHTAIBHOM HCC/ICIOBAHNE CKBAYKUHBI, 17—
KOJINYIECTBO JIAHHBIX. Dogy — 00IIast JuCIepenst P — cpejHee 3HAUEHHE SKCIEPUMEHTATLHBIX
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U3MEPEHUIT:
n

_ B P
Do = Y _ (P, —P) (7)
1
Ha pHUCYHKeE 3 IIpeJicTaB/JIeHa reOMeTpruIeCcKasli UHTEpIpeTald S9KCIIePUMEHTAJIbHBIX JIaH-
HBIX U PEe3yJbTaTOB MaTEeMaTU4YCCKON MOJie/n (1), IIOJIYYE€HHBIX IIPDU PEIIEeHNU CHCTEMBbI

ypasHenuit (2) ¢ upenTudunupoBasHbiM apamerpom «. st ckBaxunbr Nel o = 0.653,
I71st ckBaxKuHBI N2 o = (0.762.

Jlasaenue P, [a

Jlasnienme P, Tla

Pamiycr, M )
Paauyer, M

Puc. 3. Toueunsrit I‘paCI)I/IK COOTBETCTBYET IKCIIEpDUMEHTAJIbHBI JaHHBIM, CIIJIOIIHaA JIUHUA COOTBET-
CTBYET pe3yJ/IbTaTaM MaTeMaTHuIeCKON MOJeJIn.

B rabuuie 3 HpHBEIeHbI PACCUNTAHIbIE 3HAUCHIS [HOKA3ATe/Is KAueCcTBa MOIean — K2,
HEOOXOIUMBIE I MIeHTUPUKAINY [TapaMeTpa ¢ ABYX PaCCMaTPUBAEMbIX CKBaXKHUH. 3Ha-
YUMOCTb KO3 UIMEHTa KadecTBa MOIEIN IMOATBEPXKIEHA C IOMOIIbI0 Kpurepusa Purre-
pa Ha yposre 3HaunmocT 0.05 mis ckBaxxuuel Nel (Fyp, = 1.9472; Fyas, = 210.3656
npu k; = 26, ky = 25) m ana cksaxkumbl Ne2 (Fxp = 1.6475; F;

a6y = 786.4016 mpu
ki1 = 45, ko = 44). OTBepraercsi OCHOBHasi TMIIOTE3a O HE3HAYUMOCTH MOKA3aTessi Ka-
yectBa R? : Hy : R? = 0 u npunmMaercss KOHKYPHUDYIOIMIAs THIOTE3a O 3HAYHMOCTH

R? : Hy : R? # 0. U3 Tabauuel 3 HabmonaeM, 4To 3HadeHus R2 1js CKBasKHHBI Nl
u N2 6nuskm K emqunuie. CremoBaTe/bHO, pacCMAaTpUBAEMasl MaTeMaTHIecKasi MOJIE/b C
MIEHTHMUINPOBAHHBIMY IapaMETPAMU sIBJISETCS aIeKBATHON MJIs OIMUCAHUS PACCMATPH-
BAEMOI'0 IIPOIIECCA.

Howmep ckBaxxunb! | [lopsiJiok mpon3Bo HON Docr Do R?
Cksazkuna Nel a = 0.653 8.138-10~7 | 0.000524 | 0.99545
Ckpaxkuna Ne2 a = 0.762 7.83181-10~7 | 0.000622 | 0.99873

Tabauna 3. Pacuernsie 3HaYeHUt K03 MUIMEHTOB JeTEPMUHAIIN.

B caygae mpornosupoBaHusi 3HAYEHUI JaB/IeHUA B 00JIACTSIX, T YKCIEPUMEHTAILHBIX
U3MepeHuit He TTPOBO/INIOCH, MOXKET OBbITH IPUMEHEHA TEXHOJIOTUsI IPOTHO3UPOBAHUS C BbI-
qUCJIEHUEM JOBEPUTEILHOIO MHTEPBAJIA JJIsT HCKOMOM BeudnHbl. JloBepuTeIbHbII mHTEp-
BaJI JIJI IPOTHO3UPYEMOI0 3HAYEHUsT HAXOIUTCA CJICIYIONINM 00Pa3oM

(Pup = (1= B*)Pup) < Paporn < (Pup + (1 = R?) Poy) (8)
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Prporn — nporuosupyemoe 3HaveHue JaBjieHust B CKBaxKuHe. Prp — 3HaYeHHEe TOYETHO-
IO IPOTHO3a JIABJICHUs B MPU3ADOIHON 30HE CKBAaYKWHbBI, MOJIYIEHHOE C IIOMOIIBIO MaTe-
MaTH4IecKoil Mojies (1) YUC/IeHHBIM METOIOM IpPHU HJIeHTUhDUIMPOBAHHOM IIapaMeTpe .
(1-— RQ)PHp — BeJIMYMHA CTAHJIAPTHON OMUOKN MTPOrHO3UPOBAHHOTO 3HAYCHUSI.

OGcyx/1eHne pe3yJbTaToB.

st IpOrHO3UPyEeMOro 3HAaYEeHUs daBjieHus Ha paccrogauu 103 MeTpa OT IeHTpa CKBa-
x)uubl No 1, npu o = 0.653, 6b1 paccunTan jgoepuresbHblii narepsas [0.0003256 Ila,
0.0003268 ITal. Jns ckpazkunbl Ne 2, ipu o« = 0.762, GbLI HOJIyYeH JOBEPUTEIIbHBIN HHTED-
Bau [0.002946 ITa, 0.002954 IIa].

[Ipencrapmennas TeXHOJOTHUS TOCTPOEHUS MATEMATUIECKON MOJE/ N U ee uaeHTudUKa-
1y saBasgeTcd 3PGEKTUBHBIM UHCTPYMEHTOM JIjIsI PEIlIeHns paccMaTpuBaeMoit 3amadn. Kak
IMOKAa3bIBAIOT PACYeThl, BAPUAHT IIPOrHO3UPOBAHUSA, OCHOBAHHBIN HA JUCIEPCUOHHOM aHA-
JIn3e, MO3BOJISeT MOJIyYaT MUHUMAJLHBIN TOBEPUTEILHBIN HHTEPBAJI i TPOTHO3UPYEMOT'O
3HAUYEHUsI U ODecriedeH HeOOXOIUMBIMUA KPUTEPUSIMHU.

3akJjrodeHue.

Maremarudeckast MOJIE/b, IPEJICTABJIEHHAS B JAHHON CTAThE, XOPOIIO AIIPOKCUMUPY-
€T JaHHBbIE TTPOMBICJIOBBIX UCC/IEIOBAHUI, TTOJIYUEHHBIX HA OCHOBE MHJIMKATOPHBIX JIMHUIA.
Taxxke MOJe/Ib 0OOCHOBBIBAET 3aBUCUMOCTb PaCXOJa KHUJIKOCTU OT Teperaja JIaBJIeHUs,
KOTOpast UCIOJIb3YeTCst TPU 00pabOTKe JTAHHBIX TUIPOJMHAMUYECKUX HCCJICIOBAHUN 1IpU
YCTAHOBUBIIEMCS IIPUTOKE KUJKOCTH K CKBaXKMHE B TPEITUHOBATOM J1€(DOPMUPOBAHHOM
racre.

[IpetozkeHHast TEXHOIOTUS IPOTHO3UPOBAHUS TTO3BOJISET [TOJIYIUTh MUHUMAJILHBIN J10-
BEPUTEIbHBIN HHTEPBAJ ITPOTHO3UPYEMOrO 3HAYEHUs U JIJIst MO/, OCHOBAHHOM Ha jud-
depeHInaILHOM YPABHEHUH C JIPOOHBIMU IIPOU3BOHBIMHU, IPUBOIUTCS BIIEPBBIE.
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T.S. Aleroev', A. N. Hvorova?

A MATHEMATICAL MODEL FOR IDENTIFYING THE FRACTIONAL
DERIVATIVE PARAMETER AND PREDICTING THE RESULTS FOR THE
FLUID FLOW EQUATION IN THE WELL.

I Moscow State University of Civil Engineering, Moscow, Russia

2 Research Institute of Building Constructions (TSNIISK) Named After V. A. Koucherenkog,
Moscow, Russia

Abstract. This article discusses the identification of the parameters of a mathematical model
based on a differential equation with fractional derivatives. This model is used to describe the
steady-state flow in a well in a fractured deformed formation. The considered model can be used
in the development of oil fields with fractured reservoirs. The identification of the parameter was
carried out by optimizing the quality indicator of the adequacy of the mathematical model -
the coefficient of determination. The technology for predicting the results of pressures was also
presented, for an area in which no experimental measurements were carried out. The proposed
technology is accompanied by calculations.

Keywords: parameter identification, fractional derivative, determination coefficient, mathematical
model, fluid motion equation.

REFERENCES

[1] Shaimuratov RV Hydrodynamics of a fractured oil reservoir. M.: Nedra, 1980.

[2] Aleroev T. S., Aleroeva H. T., Yifa Tang, Siyan Zhang Features of seepage of a liquid to a chink in the
cracked deformable layer // International journal of modeling, simulation, and scientific computing.
2010. Vol. 01.No 3.P. 333-347.

[3] Khvorova AN, Erokhin SV Mathematical model of fluid seepage in a fractured layer // Scientific and
technical bulletin of the Volga region. No. 1. 2020. P. 138-141.

[4] Orlov V. N., Ivanova T. V. Construction of predictive mathematical models for the analysis of
agricultural production // Economics, Management. 2016. No. 10. P. 67-76.

[5] Orlov V. N., Ivanova T. V. Mathematical modeling in the study of the reproduction of personnel of
mass professions in plant growing and animal husbandry of the Chuvash Republic // Economy of
agricultural and processing enterprises. 2016.No. 12.P. 73-77.

[6] Orlov V., Ivanova T., Brenchagova S. Rumbayeva N. Mathematical modeling of economic factors
impact: reproduction of personnel potential in agriculture sector of Russia // IOP Conf. Series: Earth
and Environmental Science. 2020. Vol. 433. P. 012012.

[7] Orlov V. N., Ivanova T. V., Sokolova G. N. Methods for assessing human resources in agriculture
Economy of agriculture in Russia. 2017.No. 7.P. 47-53.

Aleroev Temirkhan Sultanovich, Professor, Doctor of Physical and Mathematical Sciences, Moscow
State University of Civil Engineering, Moscow, Russia.

Hvorova Alla Nikolaevna, Engineer, Research Institute of Building Constructions (TSNIISK)
Named After V. A. Koucherenko, Moscow, Russia



MATEMATUYECKAS MOJIEJIb WIEHTUOUKAIINN ITAPAMETPA 79

18]
(9]

[10]
[11]
[12]

[13]

Ivanova T., Arkhipova V., Ivanitskaya I. Assessment of the influence of social factors on reproduction
of personnel potential in agriculture of Russia // E3S Web Conf. 2019. Vol. 110

Orlov VN, Kulmakova NI Forecasting in the technology of reproduction of pigs Innovations in the
agro-industrial complex: problems and prospects // Belgorod State Agricultural Academy. 2016. No.
4 (12). S. 130-137.

Orlov V., Kulmakova N., Ivanitskiy A., Sevastyanova N., Mongush S. Pork production technology
optimization based on mathematical modeling // E3S Web Conf. 2019. Vol. 91. P. 06009

Orlov V., Detina E., Kovalchuk O. Mathematical modeling of emergency situations at objects of
production and gas transportation // MATEC Web of Conferences. 2018. Vol. 251

Orlov V., Detina E. Probabilistic approach to the investigation of the causes of emergencies at the
gas pipeline facilities // MATEC Web of Conferences. 2018. Vol. 251

Orlov V., Detina E., Kovalchuk O. Mathematical modeling in tasks of predicting the operational
reliability of gas networks facilities // IOP Conf. Series: Materials Science and Engineering. 2021. Vol.
1030. P. 012083



