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AxkmyanbHocmb uccnedogaHusi 0bycrogneHa meM, Ymo nosigneHue UCKYCCMBEHHO20 UHMesnekma 8 HehmsaHoU NPoMbILIEHHOCMU
npuseno K ysenuyeHuIo e20 UCNob308aHuUs npu pasgedke, paspabomke, Aobbi4e, NPOEKMUPOBaHUU MECMOPOXAeHUU U nnaHupos8aHuu
ynpasneHus, Ymobb! yCKopUmb npuHsimue peweHuli, cokpamume 3ampambi U epems. MawuHHoe obydeHue npuobpeno 6onbwyto nony-
JISIPHOCMb 8 YCMAaHOBIEHUU 83aUMOCESI3U MEXQy COXHbIMU HEMUHEUHbIMU Habopamu OaHHbIX U npoAeMOHCMPUPOB8ano c8oe Npesoc-
xo0cmeo Had MemoOaMu pezpeccuu 8 HehmsaHOU UHKXEHEPUU C MOYKU 3PEeHUsT OWUBOK Npo2HO3Upo8aHUsi OaHHbIX B0MbWOL pasMepHo-
cmu, eblMUCTUMENbHOL MOWHOCMU U namsimu. B npedcmasneHHoli cmambe paccMampugaemcs NPUMEHEHUE MalWUHHOZ0 0byYeHUs
05151 OUEHKU 20 aghghekmusHOCMU U nomeHyuana 0ns onpedenieHus U NPO2HO3UPOBaHUST 3HaYeHUl nmacmoeo2o 0agneHust npu paspa-
6omke HeghmsHbIX MECMOPOXOEHUL NO CPABHEHUIO C 0BbIMHbIMU CMamuUCcMUYeckuMu Modensimu Heghme2a3oeol UHXEHePUU.

Lenb: oyeHka 803MOXHOCMEL pacyema U NPOeHO3UPO8aHUs NIacmogozo AaeeHus MemodoM MaluHHO20 0byyeHUst «CiyyaliHbili ecy.
06bexkm: QuHamuka nacmosoeo 0asieHust npu paspabomke meppu2eHHbIX OMIOXeHUl HepmsiHbIX MecmopoxdeHul lepmckozo Kpasi.
Memodhbi: MemoObI 86pPOSIMHOCMHO-CMaMUCMUYECK020 aHasu3a U MawuHHo2o obydeHus «random forest regressiony («cnyyalHbili pe-
2DECCUOHHB I 16C»).

Pesynbmamel. [pednazaemcs HO8bIl MEMOO NPO2HO3UPOBAHUS NNacmoeo2o 0aseHUs C UCNOMb308aHUEM MaWUHHOZ0 0By4YeHUs, OC-
Ho8aHHbIl Ha Henapamempu4eckoli MHO2oMepHOU Modenu, cessbigarowiell nokasamesu 3Kcniyamayuu ckeaxuHbi 60 8pemeHu. pedna-
2aeMbili Memod ydumbigaem OUHaMUKy nokasamenel, xapakmepusyrwux 3KCnyamayulo CK8aXUuH, a Npo2HO3UpyeMoe niacmogoe
0asrieHuUe XOpOoWo Koppenupyemces ¢ USMEPEHHbIMU C NOMOWbI0 2UOPOOUHaMUYecKuX uccrnedogaHull CKeaXUH 3Ha4yeHUsMU. YemaHos-
JIeHO, Ymo Memod MawuUHHO20 06y4eHuUs «crydaliHbiil nec» obecneyusaem ny4qwyio AOCMOBEPHOCMb NPO2HO3UPOBAHUS NIAacmMo8020
0OaeneHus, 4eM Memo0 nuHeliHol pezpeccuu. lNepcnekmusamu danbHeliwezo pazgumus sensiemcs AoNOIHUMENBbHOE «0byYeHue» Mo-
Oenu «cnyyaliHo20 flecay U OUeHKa 803MOXHOCMU NPUMEHEHUs Opyaux Memodo8 MawuHHO20 0byyeHus AN peweHus nocmaegneHHol
3adayu, 8 mom qucne pacwupeHue Habopa ghakmopos Anis 6osiee MoYHO20 MOAEUPO8aHUS NIacMo8o2o OaseHUus.

Knroyesble cnosa:
MCKYCcmseHHbIﬂ UHmersnnekm, MalWluHHoe o6yquue, MHO20MepHas moderb, cny4alHbIl nec,
nokasamernu 3KCnityamayuu CK8axuH, mekywee njiacmosoe 0agrneHue, Koppensyus.

BeepeHune

Ha ceropusumauii 1eHb OOJBITMHCTBO HEDTAHBIX Me-
cropoxaenuil Poccun u Ilepmckoro kpast Haxomdrcs Ha
MO3/HUX CTaAUAX pa3paboTKu. [JaHHbIE MECTOPOXKICHUS
TPeOYIOT ONMEPaTHBHOTO KOHTPOJIS MapaMeTpoB paspa-
OOTKH ¥ TPOBEJCHUS OONBINOrO KOIMYESCTBA UCCIIEI0Ba-
HUI TIPOAYKTUBHBIX TU1acToB [1]. OHUM U3 BasKHEHIIHX
ToKasareseld paspabOTKH SBISIETCS TUIACTOBOE JIABJICHHUE,
KOTOPOE B OCHOBHOM OTIPEJIENACTCS B pe3yJbTaTe MpoBe-
JICHUS THAPOJMHAMHYECKMX HCCIEIOBAHUH CKBAKHH
(TAUC). Tounslit MPOTHO3 MIACTOBOTO JABJIECHHS UMEET
IIMPOKOe TIPUMEHEHWE B HE(TSIHON MPOMBINIICHHOCTH,
OCOOCHHO TMPH ONTHMHU3AINU HEMPEPHIBHOW TOOBIUM Ha
MECTOPOX/ICHHH, KOMMYECTBEHHON OIIEHKE MPOYKTHB-
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HOCTH KOJUIEKTOPa, KOPPEKTHPOBKE CTOMMOCTH AOOBIYM
He(TH U OLEHKe PeMOHTHBIX padoT [2]. KonTpo:s 3a ero
BEJIMYMHON — BaKHEHIIas 3a/iaua 3Q(PeKTHBHOrO MOHH-
TOPHUHTa pa3paboTKH HE(TIHEIX MECTOPOXACHNH. MeTo-
161 [JIVC aBasoTCS OCHOBHBIME B TIPakTHKE He(Temnpo-
MBICJIOBOTO JieJia, UX NPUMEHEHHE C LeIbI0 KOHTPOIS 3a
SHEPreTHUECKUM COCTOSHUEM 3alle)KH B 30HaX APEHHUPO-
BAHHS CKBOXHH MPEINHCHIBACTCS PYKOBOSIIMMHE JIOKY-
MeHTamMi. OCHOBHBIM HEOCTATKOM SBJISCTCS HEOOXOMH-
MOCTb OCTAaHOBKU CKBA)XHHBI, B PsJIC CTy4aeB Ha BEChMa
HPOJOJKUTENBHOE BPEMsl, YTO IPUBOAUT K TaK Ha3biBae-
MbIM Henobopam o0bau HedTH. Kpome artoro, mpen-
CTaBIACTCS JOCTATOYHO CIIOKHBIM BBITIONHSTS CPABHCHHS
IUTACTOBBIX JABICHHI MEXIy CO00H BO BCEX CKBaXKHHAX
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BBUJY PasHOBPEMEHHOCTH IIPOBEICHHS HUCCIENOBaHMUIL,
TIOCKONBKY OJHOBPEMECHHO OCTAaHOBUTH BECh (DOHI B
YCIIOBHSX POMBICTIA HEBO3MOXKHO [3].

B ycnoBusx coBpeMeHHON He(TenoOBIUM aKTyaTbHOM
3ajiauci ABMSETCS MIMPOKOE NPUMEHEHHE LU(POBBIX TEX-
HOJIOTUIA JUTS pellieHHsl Pa3IHUHbIX NpobiIeM HeTerasoso-
ro npou3BozicTBa [4]. VX pelieHue ocnoxHIET He00XO0u-
MOCTh Y4eTa BIUSHHS I€0JIOT0-TEXHONOTHIECKIX MOKa3a-
TeNnel Ha mpolece pa3paboTKu HEDTAHBIX U Ta30BBIX Me-
cTopoxeHuil. CTOUT OTMETHTB, UTO JaXe XOPOLIO U3y-
YeHHbIC O0OBEKTHI Pa3pabOTKH XapaKTepH3YIOTCS 3HAYH-
TENBHOH CTEMEHBI0 HEOJHOPOAHOCTH [TapaMeTPOB ILIacTa
M TEXHONOTMUYCCKHX MOKas3aTenei, 4To 3HAYHUTENBHO
YCTIOXHSET MCIOB30BAHIE LU(POBBIX TEXHONOTHH A
peIleHNs aKTyalbHBIX MpobieM HedTerasoBoro Mpous-
BOACTBa [5]. B 3TO# CBA3M MpeAcTaBisAeTcs aKTyaIbHBIM
MCCNEI0BAaHNE MPUMEHIMOCTH METOIOB BEPOSTHOCTHO-
CTATHCTHYCCKOTO AHANM3a M MAIIMHHOTO OOYydYeHHS K
PEILICHUIO TaHHBIX IPOOIEM.

IlosiBNeHNe MCKYCCTBEHHOTO UHTEIIEKTa B HE(TAHOM
HPOMBIIIICHHOCTH MPUBEO K YBEIUYEHHIO €r0 HCIIONb-
30BaHUS TIPH pa3Befike, pa3paboTke, M00bIYE, MPOEKTH-
POBAHMU MECTOPOKIACHHI U IUTAHMPOBAHNY YIIPABICHHUS,
9T00BI YCKOPHTH HPUHSATHE PELICHUH, COKPATHTD 3aTpa-
THI ¥ BpeMs. MatiHHoe o0y4yeHune nprodpeso OoNmbIIyro
HOMYJIPHOCTh B YCTAHOBJICHHH B3aHMOCBS3M MEXKIY
CIIOKHBIMU HEJMHEHHBIMH HaOOpaMu JaHHEIX. DTOT THII
QITOPUTMA MAIIMHHOTO OOY4YeHHS MPOAEMOHCTPHPOBAT
CBOE IPEBOCXO/CTBO HAJl METOJAMHU PETPECCUM B HE(TH-
HOM HHXEHEPUH C TOUKHU 3pEHHS OMIMOOK IPOTrHO3UPOBa-
HUs JaHHBIX OOMNBIIOH PasMEpPHOCTH, BBIYUCIUTENBHOM
MOIIHOCTH W TaMatd [6, 7]. D10 mpuBomuT K Ooiee
OBICTPOMY MPHHATHIO PEIICHHH, YTO HEM3MEHHO IIOMOTa-
€T COKOHOMUTH JCHBIH, BpeMs U 00opygoBaHHe. Yco-
BEPLICHCTBOBAHHBII U YIIyUIIEHHBIH Ipolecc ompesene-
HUS  XapaKTEPUCTUK KOJUIEKTOpa TpeOyeT BHICOKOrO
YPOBHSL TOYHOCTH, YCTOHUMUBOTO K JIFOOBIM OXKHIAECMBIM
UM HEO)KM/IAEMBIM H3MEHECHHUSIM, YTOOBI CHU3UTD TIOTEPH
C TOYKH 3PEHHS YeN0BEKO-4aCOB  MHBECTHIIUH [8].

MeTozb! MalIMHHOTO 00YYeHHs MONy4aroT Bce O0Mb-
Iee IPUMEHEHNE B PA3IMUHBIX OTPACIAX, B TOM YHCIE U
B He(Terasopoit [9-15]. Bee HedrenoObIBarone KoMIa-
HUM Mupa oOpabaTeiBaloT OonbImoil 06beM MUQPOBOI
HH(pOPMALUK U TEMIBI POCTa 00bEMa JAHHBIX MOBBIIIA-
10TCSL ¢ KaxabIM rofoM. Kauecto ux o6paboTku u uH-
TEpIPETAINK SABJAETCS OCHOBOH TMPHHATHS SPQPEKTHB-
HBIX IIPOEKTHBIX M YIpPaBICHUYECKUX pelieHuil. B sroit
CBSI3M aJaNTals METOAOB MAIIMHHOTO OOyYeHHS K
HedyTerazoBoit cepe ¢ LeTb0 CO3AaHUS aBTOMATU3UPO-
BAHHBIX CHUCTEM IO KOHTPOJIO MapaMeTpoB 3KCILTyara-
A He(TIHBIX MECTOPOXKACHUN UMeeT OONBIION MOTeH-
uman [16-22].

Tak, Hanpumep, B kommannun OO0 «['a3npomHe(TH
HTL» ucnonmb3yrOT TEXHONOTMH MAIIMHHOTO O0YdYeHHS
A7l BBIABNICHUs. IPUYUH cO0€B B paboTe ANEKTPOLEHTPO-
OEKHBIX HACOCOB, @ TAKKE BBIICIIOT TSl ce0s1 HECKOIb-
KO IPHOPHUTETHBIX HANPABICHHUH C IPUMECHEHHEM TAaHHBIX
METOJI0B — MOUCK O0BEKTOB-AaHANOTOB, BOCCTAHOBIICHHE
HCTOPUYCCKUX SKCIUTyaTallMOHHBIX JaHHBEIX, 00paboTKa
JaHHBIX UCCIENOBaHUIl B pexIMe PeanbHOT0 BPEMEHH U
ap. braromapst BHeApEHHO! TEXHONOTHH KOMIIAHHH ya-

JOCh CHHU3MTH JKCIUTyaTAllMOHHBIC 3aTpaThl HA 2 MIH

nomn. [13].

Ha ceromusmmunii [eHp HAKOIUIEH 3HAYUTEIbHBIN
OTIBIT IO pa3paboTKe HEPTAHBIX MecTopoXxaeHHi [lepm-
CKOTO Kpasi, IMeeTCs OOIIMpHas 0a3a pe3yNbTaToB THI-
POIMHAMUYECKUX HCCICIOBAHMN M  TEXHOIOTHYCCKUX
TIOKa3aTeNel SKCILUTyaTalliy CKBaKHH, 4TO TIO3BOISIET HC-
CIIe0BATh NPUMEHEHHE MU(POBBIX TEXHOJIOTHH AN pe-
ICHUs PA3IUYHBIX TIPOM3BOJICTBEHHBIX 3a1a4. [lpu dop-
MHUPOBAHHH OOJBIIOr0 KOJNHYECTBA TEXHOJIOTHUECKOM
MH(MOPMAIMH TIPEACTABIACTCS BOSMOKHBIM HCIIOIB30Ba-
HUE METOJIOB, OCHOBAHHEIX Ha cOOpe, CHCTEeMATH3aIluH,
00paboTKe W WHTEPIPETAUNHN JAHHBIX, IPEICTaBICHHBIX
B BUJIC [TU(POBBIX MACCHBOB.

B pabote [23] onucaH TmOAXO/, OCHOBAaHHBIN Ha MO-
CTPOCHHH  MHOTOYPOBHEBBIX  BEPOSTHOCTHO-CTATHC-
THYECKHX MOJENeH MPOTHO3MPOBAHKS IDIACTOBOTO JaB-
senns. Mcmonp3oBaHne pa3pabOTaHHBIX MHOTOMEPHBIX
MaTeMaTHYECKUX MOJICICH MO3BOJAET OMPEICIHTh Iia-
CTOBOE JIABJICHUE B JIFO0OH MEPHOJ KCILTyaTallud CKBa-
XUH 0€3 MX OCTaHOBKH Ha mccienoBanne. CTOHTh OTMe-
THTb, YTO TPEICTABICHHBIE MOJIEIN HE CIEAYET paccMar-
puBaTh B KAYCCTBE aJIbTCPHATUBLI THAPOJAUHAMUYCCKUM
ucciIeoBaHuaAM. WX mpuMeHeHue 1enecoo0pasHo it
SKCIIPECC-OIICHKU ILIACTOBOIO JABJICHHUSA OO MpU He-
BO3MOKHOCTH OCTAHOBKH CKBAKHHBI HA HCCICIOBAHHE
TI0 TEXHOJIOTUYECKAM MPHIIHAM.

JlaHHas METOIMKA SBISCTCS HAMOONEE TOCTOBEPHON
a[aNTHPOBAHHOH W3 M3BECTHBIX U TO3TOMY IPEICTABIIS-
eTCsl BO3MOXKHBIM €€ MPUMEHEHHE U Ha JPYTHX MECTO-
poxnenmsix [lepmckoro kpas (Poccuu u Mupa), a Takxe,
YUHUTHIBAS OIIBIT €€ TPUMEHEHIIS, HCCIeJOBAHHE METOIOB
MAaIINnHHOT'O 06yLICHI/IH I ONpEeaCIICHUSA 3HAUYEHHUH IIa-
CTOBOTO JABJICHHS B PEKHUME PEAbHOTO BPEMEHH U IS
BOCIIPOH3BEICHUS HCTOPHIECKOH PabOThI CKBAXKHH.

[TprHIMHANBHO Ke 33[[auH, PelIacMbIe ¢ MOMOIIBIO
METOJI0B MAIIMHHOTO OOYYCHHS, MOXHO pa3JeluTh Ha
CIISYIOIHME BHIBL:

1) perpeccust — TpejACKa3aHWE KOHKPETHOTO 4YMCNA Ha
OCHOBE MACCHBA IIPH3HAKOB WM XapaKTEPUCTHK
[24, 25];

2) Kknaccu(pMKaIs — ONpeeeH e 10 KOJTMIECTBY U Ka-
YECTBY MPU3HAKOB MJIM XAPAKTCPUCTUK KATECTOPUU
o0nekTa uccnenoBanus [26];

3) mactepuzanus — 00bEIUHEHHE OOBEKTOB B TPYIIIIbI
o obmieMy npu3sHaky [27];

4) yMeHbICHHE PA3MEPHOCTH — CKATHE MACCHBA Xapak-
TEPUCTUK 06’beKTa A0 MCHBIIETO KOJUYECTBA IIPH-
3HakoB [28, 29].

[lpuBeneHHBle 3a7aud TOBCEMECTHO BCTPEUAOTCS
TPU aHAlIM3e CHCTEM Pa3pabOTKH HEe(TAHBIX M Ta30BBIX
MECTOPOXKICHUH, €r0 HEOTHEMJIEMON YaCTBIO SIBISCTCS
KOHTPOJIb 3@ IHEPreTHYCCKHM COCTOSHHEM 00BEKTa pas-
paboTKH, B X0J1e KOTOPOTO ONpeJeNseTcs mapaMeTp Iia-
CTOBOTO JaBJeHHs. [l ompeeNneHus JaHHOTO TTapaMeT-
pa Ha HedTAHBIX MecTOpOXIeHHIX I[lepMmckoro kpas
OTIFICAaHHBIE TIO/IXOJIBI pPaHee HE HCIIONb30BAINCH, B CBSI3H
C YEM aKTyaJbHO MCCJICAOBATL UX TMTPUMCHUMOCTD U OIIC-
HHUTH ﬂaﬂbHeﬁHlPIe NEPCHCKTUBLI UX TIPUMCHCHUA U pas-
BUTHSL.
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WcxoaHble AaHHbIe AN OLEHKN
¥ NPOrHO3UPOBaHUA NNACTOBOro AaBNeHMs

B kauectBe 00BeKTa HCCIIEIOBAHNS BHIOPAHO OHO U3
TIEPCTICKTHBHBIX HE(TIHBIX MecTopoxkaeHuit [lepmckoro
kpas (o0bext b0). Mcxonnble maHHBIE 171 MOCTPOCHHUS
MOJIeJIel MCTIONB30BAHBI C TpeX IPYTHX HEe(TIHBIX Me-
cropoxaenuit (00bexTs b6) [lepMckoro kpasi, KOTOpbIie
XapaKTepU3yIOTCs. 3HAYHTEIBHBIM JKU3HCHHBIM IIHKIOM
IKCIUTyaTalliy U 00BEMOM TIPOMBICIOBOH HH(pOPMAIHH.
JlaHHBIE MECTOPOXKICHHS SBIAIOTCS XOPOLIO H3yYeHHbI-
MU U UMEIOT JOCTATOYHOE KONMYECTBO (PAKTHUECKUX 3a-
MEpOB IUTACTOBOTO HaBieHAs. OCHOBHBIC CBEACHHS O Pas-
paboTKe IAHHBIX MECTOPOKICHUHN TIPHBEICHBI B TA0. 1.

Taonuua 1. OcHoguvle CceOeHUAX O HeQMAHBIX MeCmo-
POJHCOCHUAX, UCNONb308AHHBIE OJisl NOCMPOEHUS.
UCXOOHbIX MOOenel

Table 1. Basic information about oil fields used to build
the original models
TTapamerp Mecroposxnenue/Field
Parameter 1 2 3
KonnuecTBO CKBasKMH 112 48 68
Number of wells
Komuaectso I'IN

Number of wells tests 349 212 231

HauansHoe macroBoe aaBiaenue, Mlla

Initial reservoir pressure, MPa 212

23,4 22,5

Teky1uee macroBoe nasinenue, MIla 111 95 72

Current reservoir pressure, MPa

OOBsicHeHHE MOJIelel MAIIMHHOTO 00YYEeHHS BCer/a sB-
Jsercst BaxkHoi TeMoit uccrenosanuit [30]. ITpoctsie Moe-
JI1 MALIMHHOTO 00y4eHHs], TAKHE KaK JIMHEeHHas perpeccus 1
JIepeBbsI PENICHAH, JITKO MOHATh W 00BSICHATD. Jist uHei-
HOM perpeccuu BKJIAJ KaXI0oN [EpEeMEHHON OpenensieTcs
3HAKOM U BETHUMHOIL ee KoaurmenTa. Jlepesbs pereHuit
MOKHO MHTEPIPETHPOBATH MyTEM BU3yalH3allid BHYTPEH-
HUX Y3710B 1 BeTBei. OIIHAKO CNOXKHbIE METO/bI HENUHEH-
HOTO MAIIMHHOTO 00Y4€eHHUS, TAKHE KaK OMOpPHAs BEKTOPHAs
perpeccus, «CIIydaifHble Jieca» 1 IIyOOKHe HEHPOHHBIE CETH,
TPYAHBI A1 TIOHUMAHHKS, J]XKE eCITM OHH BCeraa o0ecredu-
BalOT OoJiee BBICOKYIO JOCTOBEPHOCTb, UeM Ooliee MpOCThIe
METO/Ibl MAILIMHHOTO O0yYEHHSL.

JUist OLEHKM Y TPOTHO3MPOBAHHUS IJIACTOBOIO JaBJie-
HUS UCTIONb30BAHBI JIBA METOJIa: MHOXECTBEHHAS JTMHEH-
Has perpeccust u «random forest regression» («ciydai-
HbII perpeccHOHHbIN Jiec»). MeTol MalMHHOTO 00yye-
HUSL «CITyYaiHbIH JIec» MONYyYMs LIMPOKOE NMPUMEHEHHE
BO MHOTHX cpepax W OTINYHO MOIXOAHUT IUIS PEIICHHS
pasnuuHoro poza 3azxad [10, 26]. JlanHsli anroputm Ma-
IIMHHOTO 00Yy4YeHHUs BIEPBbIE MPEVIOKEH aMEPUKAHCKHU-
Mmu Matemarukamu Jleo Bpaiimanom u Anens Katnep u
ABJIAETCS OHUM M3 HEMHOTHX YHHMBEPCAJbHBIX aJIOpUT-
MoB. Ero yHHBEpCalbHOCTb 3aKIIOYACTCS B TOM, YTO OH
TIOJXOUT TS PENIeHNs 33/1a4 KIacCH(pUKAIIMH, perpec-
CHH, KIIacTepHU3alliy, IOMCKa aHOMAUH | T. 1. [IpuHuu-
MHANBHO «CITyYaiHbI PEerpecCHOHHBIN JIEC» — 3TO MHO-
XKECTBO JIEPEBbEB PEILECHUH, B KOTOPBIX MPH PEIICHUH 3a-
Jlaull PETPECCUN UX OTBETHI YCPEIHAIOTCS, YTO NMOAXOIUT
I pacyeTa [apaMeTpa IIacTOBOTO JaBIEHHUS.

Mopenb «clydaifHOro Jieca» OMHCHIBACTCS CIETYIO-
IIMMHU XapaKTePUCTHKAMH:
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®  KOAUYECMBO peuarouux depesbes — OT TaHHOTO (Bak-
TOpa 3aBUCHT KA4eCTBO PE3yNbTaTa, OJHAKO MPHU yBE-
JIMUCHHH YHCITa [IEPEBbEB BPEMsI HACTPOIKU U paboTa
MOJICIH TAK)KE YBETHUMBAIOTCSL;
MAKCUMATbHASL 2TyOUHA peularoujeco oepeea 8 Mooe-
Ju — TIPH YBEIMYCHUH JaHHOTO (haKTopa BO3pacTaeT
KauecTBO O0YyUCHHE, OJJHAKO CTOUT YYHMTHIBATh, YTO
OPH PEIICHHH 33/1a4 ¢ OOMBIIAM KOJNHYECTBOM IIy-
MOBBIX JAHHBIX (BHIOPOCOB) PEKOMEH/YETCS MCIIONb-
30BaTh HENNIYOOKHE ICPEBD;
®  MAKCUMATbHOE KOAUYECMEO Y3108 peulaiyezo oepe-
6a (WupuHa) — IPH OTPEIeTICHUH JAHHOTO TTapameTpa
HEOOXOJMMO YUHTBIBATh, YTO OH MOKET HMPHBECTH K
nepeo0yUYeHHI0 MOJENH NP HeOONbIIOH rnyOnHe
CaMoro Jiepesa;
®  MAKCUMATbHOE YUCIAO NPUSHAKO8 00HO20 PeUaujeo
Oepesa — TIPH YBEIMYCHHU TAHHOTO (aKTopa Bpems
MIOCTPOEHHS Jieca BO3PACTaeT, a JAepeBbs CTAHOBATCS
O/IHOOOPA3HBIMH, JUTS 3a/[a4 PETPECCHH M0 yMOIYa-
HHIO OH paBeH N/3, rjie N — YKCIIO IePEBbEB.
JlaHHbBIE XapaKTEPUCTUKU aalTHPOBAHBI MOJ perle-
HUE 337184 BOCIIPOU3BEICHUS U IPOTHO3UPOBAHKS 3HAYC-
HUH TIACTOBOTO JABICHHS.

MporHo3upoBaH1e NNacToBOro AaBreHUs

C NMOMOLLBHO METOAOB MALIMHHOTO 0BYYeHNs

Ha mepBom »stame HeoOxomuma mpenobpaboTka u
CTPYKTYPH3aLHs TPOMBICTIOBEIX JAHHBIX (IEOHT JKHKO-
cTH; KO3((HUIUEHT JKCIUTyaTalyy; 3a001HHOE NaBICHHE;
HayaipHOE IUTacToBOE naBieHue). Co3aHa mporpamma
11 OBM «Square» ¢ 1enbi0 aBTOMAaTH3AlUK aHAHM3a
TPOMBICIIOBBIX J@HHBIX M MOCTPOSHHS MaTeMaTHYECKHX
MoJeneil, B OCHOBY alrOPUTMOB KOTOPBIX JIETJIM BBbILIE-
OTHCAaHHbBIE METOIBL.

Hcnonb3yst BEpOSTHOCTHO-CTATHCTHYECKYIO MOJEIb
MHOKECTBEHHOM JIMHEHHOH PErpecCuu U METOJ MallvH-
HOro o0ydeHHs «CIy4aiiHblil perpecCHOHHBIH Jec» Boc-
HPOU3BEJIEHBI HCTOPHUECKHUE 3aMePhI IIACTOBOTO JaBJIe-
HUSL C TENBI0 MPOBEPKU JJOCTOBEPHOCTH Pa3pabOTaHHBIX
MoJeneH.

YpaBHeHHE MHOKECTBEHHOM IJIMHEWHOW perpeccuut
MOJTy4eHO METOJOM HaMMEHBIIMX KBAJpaTOB U HMEET
CIIEYIOLINiA BUL:

(Qm(t) B Q)x(t—l)) 4

Qo
+0,207P,;, ~0,00001T +1,2851,

P,y =0.7548P,  +0,0131

rae Ppue) — TPOTHO3MPYEMOE IUIACTOBOE JIABIICHHE;
Pya(¢-1) — TIACTOBOE JIaBIEHHE, TIPEIIECTBYIOLIEE TPO-
(Q@x(t)=Qx(t-1))
THO3Y; —
Q;K(t)
cru (manee T, ) orHocutenbHO mnpeabitymero [JIN;
w(t) — JEOMT IKHIKOCTH B CYTKM B CPEIHEM 3a
call; Pyye(p) — 3a00iHOE JaBieHHe Ha TEKYILIyIO JaTy;
T — BpeMst SKCIUTyaTalliK CKBAKHHBL.
B xome mpoBepkH 3HAYMMOCTH KOI(DDHUIMEHTOB

YpaBHEHUS JTUHEWHON PErpeccHr MONMYYEHBI CIIEAYIOMHe
PE3yNBTATHI C IOMOIIBIO p-KpUTEpHS (TabI. 2).

— TeMIl pocTa aedura >KUAKO-
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Tabnuya 2. 3uauumocms Kod3¢hpuyuenmos ypasHnenus nu-
HeliHoll peepeccuul

Significance of the coefficients of the linear
regression equation

Table 2.

ITapamerp/Parameter p-KpuTepwHit/p-criterion
CpoOoaubli unen/Free member 0,000*
Pone-1) 0,000*
T, 0,005*
Pias(t) 0,000*
T 0,000*

Ipumeuanue/Note: * — npusznax snauumocmu/sign of signifi-
cance.

B pesympTate pacueToB BEIYHCICHO cpemHee abco-
JIOTHOE OTKJIOHEHHE MOJICIN Ha BXOIHBIX JAHHBIX, KOTO-
poe coctasuio 0,821 MIla, mpu R%=0,757.

Jlnst TIOCTpOEHUsS MOJENH «CIY4alHbI perpeccuoH-
HBIH JIEC» MCTIONb30BAKCH CIEAYIOIIHE TTapaMETPBI:

o xonuuectBo jaepeBber — 200;
® MaKcHMaJbHas TyOuHa — 5;

¢ MAaKCUMaJIbHOC YMCJIO MPU3HAKOB OAHUM ACPEBOM — 3.

TTocne 00yueHns MOJIENH «CITy4aifHOrO Jieca» Paccuu-
TaHbl KOAQQUIHEHTHI 3HAUUMOCTH (PAKTOPOB. 3HAYUMOCTh
(haktopa B «cly4alHOM Jiece» OINpENeNsIeTCs ero COBO-

KyHHOI71 BaXXHOCTBIO I KaXKJA0I'0 peIIatoIIero A€peBa, T. €.

Mepoii yMeHbIIIeHus pasHopoaHocTH Jlxunu (Tad. 3).
Cpennee abCOMOTHOE OTKIOHEHHE HA BXOIHBIX JJaH-

HBIX MOJIENH «CITy4aiHoro jeca» coctasmio 0,812 MI]a.
JInst BBINICOMACAHHBIX METOJIOB OIIEHUBATUCH Pabo-

Y{e XapaKTePUCTHKH MOjieNed MpH MOMOIIM TOAXOAa

25
23

21

19

17
15

13

11

[TnacToBoe naBieHue (MPOrHO3ZHO3UPYEMOE),
MlIIa

TIePEKPECTHON TIPOBEPKU («Kpocc-Banuaanusy). JlanHas
Ipoleaypa TOApasyMeBaeT pas/elicHUe BBIOOPKH Ha
paBHBIC YaCTH, Jajiee Kaxaas U3 yacTell BRIOOPKH mociie-
JIOBaTeNbHO HCKIFOYAeTCS (OTJIOXKEHHas BHIOOpKA) U
CTPOUTCS MOJIENb Ha OCTABIIMXCS JIAHHBIX, @ HA OTJIO-
JKEHHOW 4YacTW TpOBEpseTCS BENMYMHA omuOku. B pe-
3yNMbTaTe JAHHOW TPOBEPKM CTaHIAPTHOE OTKIOHEHHE
JUIS. MOJIENH JIMHEWHO! perpeccuu coctasiwio 1,071+0,14
MIla, a ans momenu «ciydvaiiHoro jeca» — 1,018+0,17
MIla. JlaHHbIe BEeNMYMHBI YKa3bIBAIOT Ha CTaOWIBHOCTDH
MOJIeNei, YTO 03HAYaeT XOPOLIYI0 BEPOSATHOCTD MOTyYe-
HHUS JIOCTOBEPHOTO PE3yNbTaTa B Clydyae, €CIIM HU OJHA
U3 MoJIeNell paHee He «o0yJanacky Ha BBOJIUMBIX UCXOJI-
HbIX JTaHHBIX.

Tabnuua 3. Basxcnocms akmopos moodenu «Ciyuaiinozo
neca»

Table 3. Importance of factors in the «random foresty
model
dakrop Koaddunuent snaunmoctu
Factor Significance coefficient
Ponce—1) 0,815158
T, 0,023523
Pasco) 0,132228
T 0,029091

Jl1s OUEHKH JIOCTOBEPHOCTH METOJa JMHEHHOM pe-
TPECCUU U METOZIa «CITy4alHBI JIEC» MOCTPOCHbI 3aBUCHU-
MocTH (akTruyeckux (1553 n3MepeHns) ¥ pacCUMTaHHBIX
3aMepoB IUIACTOBOTO JaBieHus (puc. 1, 2).

15 20 25

[InacroBoe naBnenue (pakruyeckoe), Mlla

Puc. 1. Ilone xoppensyuu mexcoy pakmuyeckumu U paccyumanHbIMu 3HAYeHUAMU NIACMOB020 OaBNeHUs MeMoOOM TuHel-

HOU peepeccuu

Fig. 1. Correlation field between actual and calculated values of reservoir pressure by linear regression method
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Puc. 2. Ilone Koppejisayuu MleC()y d)aKmu'-teCKMMu u paccHumaHnHoblMu 3HAYEeHUAMU N1ACn06020 OaseHuss Memooom «Ccny-

4aliHo2o0 neca»

Fig. 2. Correlation field between the actual and calculated values of reservoir pressure by the «random foresty method

AHanu3upys npencTaBlIeHHbIE IpaduKu, MOKHO CJie-
JaTh BBIBOJI, YTO B O0OMX CITydYasx pacCUNTaHHBIE Tapa-
METpBI ITACTOBOTO JIABIEHHS UMEIOT «TIOTHOE» Paciipe-
JeneHne ¢ paKTHYECKUMH 3aMepaMH, YTO TOBOPHT O XO-
poleil CXOAUMOCTH Pe3yJbTATOB B LENOM 10 OOBEKTY
uccnenoBanus. OTKIOHEHHS, TONYYEHHBIE B PE3yJbTaTe
MPUMEHEHUS. METOJIOB JIMHEMHOM PErpeccur U «ciydai-
HOTO Jieca» IO BCEW HcCieqyeMoil BBIOOpKE, MpesIcTaB-
JieHsl B Ta0m. 4.

Taonuua 4. Omxnonenus 6 pesyivmane NpUMEHeHUs: Memo-
008 UHENHOU pecpecCull U «CIYYaliHo20 1ecay

Table 4.  Deviations due to linear regression and «random
foresty method
AGCOIOTHOE OTKIIOHE- OTHOCHTENBHOE OTKJIO-
HHEC OT (IJaKTI/I‘IeCKOI‘O HCHHC OT q)aKTI/I‘{eCKOI‘O
Merox u3Mepenus (cpenxee), usmepenus (cpea-
Method Mila _ mee), %
Absolute deviation from Relative deviation from
the actual measurement the actual measurement
(average), MPa (average),%
JIuneitHas
perpeccus 087 69
Linear ’ !
regression
«Cryyaii-
HBIU JICC»
«Random 0.86 68
forest»

Taxkum 06p2130M, MOXHO OTMETHUTb, YTO MCTOJIBI JIH-

HeifHOM perpeccun U «ciyyaifHoro jeca» UMEIOT paBHOE
MUHHMAJIbHOE OTKJIOHEHHME MPOrHO3UPYEMBIX 3HAUCHUH
IJIACTOBOTO JAABNEHUS OT (DAKTUYECKHXK, YTO YKa3bIBACT

144

Ha 3((EeKTUBHOCTh M MEPCIEKTUBHOCTL MCMONB30BAHMUS
JIaHHBIX METOJIOB.

V4uTHIBas «HEOJHOPOJHOCTEY BBHIOOPKU M OOIBIION
00beM JIaHHBIX, HEOOXOJMMO MPOBECTH MOCKBAKHHHOE
comocTaBJieHHe pe3yinbTatoB. C 3TOH 1ENbI0 OCTPOCHBI
rpaduKd COMOCTABJICHHS PE3YJIbTAaTOB (HAKTHICCKHX |
PAacUYETHBIX 3HAYEHHH IIACTOBOTO AaBieHus (puc. 3-5).
Bbi0op CKBaXHH I IEMOHCTPAIMK MOTYyYCHHBIX JaH-
HBIX TPOU3BENECH TakuM 00pa3oM, 4YTOOBI OTPA3UTh
Hau0onee TONHYI KapTHHY MPUMEHUMOCTH HCIIONb3Ye-
MBIX METOJIOB.

AHamiUpys TpeacTaBieHHbIe TpadHuKd COMOCTAaBIIe-
HUS DaKTUUYECKUX U PACCUMTAHHBIX 3HAUCHUH TIACTOBO-
r0 JaBJICHWs, MOXHO CJIeaTh BBIBOJ, 4TO 00a MeTona
TIOKa3bIBAIOT XOPOIIYI0 CXOAUMOCTh C HCTOPUYECKUMH
JIAHHBIMU TP PELICHUH 3a/1a4d BOCTPOM3BEACHUS «Ia-
Jaroleiny TMHAMUKKA HcclenyemMoro napamerpa. OnHako
B HEKOTOPBIX CIIy4asX METOJ «CIy4alHOTO Jieca» MoKa-
3pIBaeT JYUIIyI CXOAUMOCTb. Tak, Hampumep, Ha CKB.
256 u 116 oOmwmii TpeH/| MIACTOBOTO JABJICHHS TAHHBIM
METOIOM cMOjieTupoBaH Ommke K (akty. Ocoboe BHH-
MaHHe CTOUT OOpPATUTh HA pacyeT MOCNIEIHETro 3amepa
TUTaCTOBOTO JIABJICHHMS, TaK KaKk OH MMEET HauOOIbIIYI0
3HAYUMOCTb MPU TPOTHO3UPOBAHUH JTAHHOTO MapaMeTpa.
Bricokas cTeneHb CX0qMMOCTH JJAHHOHM TOYKH TO3BOJISET
cHeNaTh BBIBOJ, YTO MAaTeMaTHUECKass MOJIeTb JOCTOBEP-
HO OTOOpaXkaeT TEKyllee BHEPreTHYeCKOe COCTOSHUE
CKBaXHMH M 00beKTa pa3paboTku. B 3ToM Kimoue meron
«CITy4aifHOTO Jieca» TAaKKe MOKA3bIBACT JYUIIYH CXOJIH-
MOCTbh TI0 CPaBHEHHUIO C METOJIOM JTMHEHHON perpeccueil.
OJHaKO CTOHMT OTMETHTh, YTO HH OJMH M3 HCCIEAYEMBIX
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CIoco00B HE CMOI CMOJEIMPOBATH PE3KUE Nepemajgbl  Ma A0paboTka METORMKH KOHTPOIS 3HEPreTHYECKOro Co-
IUTACTOBOTO JaBIeHHS (pHC. 5). B 9Toi CBS3M HEOOXOAM-  CTOSHIES 3aJICHKH C YYETOM MOTYICHHOTO OIIBITA.
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Fig. 3. Comparison of actual and calculated values of reservoir pressure for well 256
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Fig. 5. Comparison of the actual and calculated values of the reservoir pressure parameter for well 45

B obmewm crmydae 06a MeTona moKa3anm XOpoIHne pe-
3yJIBTATHI 110 BOCIIPOU3BENICHNIO (DAKTUUECKUX 3HAYCHUI
apameTpa IIacTOBOTO JABICHUS W MOTYT MPUMEHSTHCS
TS pellieHus TPOM3BOJICTBEHHBIX 3a/1a4 C Y4acTHEM JKC-
nepTa AN OLUEHKH «BBIOPOCOBY» B MOJNYYaeMbIX AAHHBIX.
Tarke HEOOXOOUMO MOTONHUTENEHOE «OOYYEHHE» MO-
TN «CITy4alHOTO JIeCa» W OLCHKA BO3MOXHOCTH TPH-
MEHEHHUS JPYTHX METOJOB MALIMHHOTO OOy4eHHS s
pelIeHNs TIOCTaBIEHHON 3a/1a4y, B TOM YHCJIE pacliupe-
Hue Habopa (hakTopoB mis Gosnee TOYHOTO MOJENHPOBa-
HHS IIIACTOBOTO JaBIECHHUSL.

3akntouyeHue

3a mpormenmye roAsl B He(TIHON MPOMBIILICHHOCTH
HAKOMHUJIOCH CIMIIKOM MHOTO HH(OPMAIUH, T03TOMY aj-
TOPUTMBI MAIIMHHOTO 00Y4YeHHS, KOTOpele MOTYT o0Opa-
0aTbIBaTh MHOTOMEPHBIE U CIIOXKHBIC JAHHBIE, SBISIOTCS
ropasno Oonee NpPEANOUYTUTENHHBIME 1O CPAaBHEHHIO C
IMIUPUUECKUMU KOPPEIALMAMU U MOJECISAMU JIMHEHHOH
perpeccum.

B npexcraBieHHOM HCCIIENOBaHUH IIPEIIAracTcs HO-
BBl METOJ IIPOTHO3MPOBAHMSA IUIACTOBOIO JABIEHHA C
HCTIONb30BAaHAEM METOJa MAIIMHHOTO OOYYeHHs, OCHO-
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The relevance of the study is caused by the fact that the advent of artificial intelligence in the oil industry has led to an increase in its use
in exploration, development, production, field design and management planning to speed up decision-making, reduce costs and time.
Machine learning has gained immense popularity in correlating complex nonlinear datasets and has demonstrated its superiority over
regression methods in petroleum engineering in terms of large data prediction errors, processing power and memory. This article
discusses the use of machine learning to assess its effectiveness and potential for determining and predicting reservoir pressure values in
oil field development, compared with conventional statistical models of oil and gas engineering.

The main aim of the study is to assess the possibilities of calculating and predicting reservoir pressure using the «random forest» machine
learning method.

Object: dynamics of reservoir pressure during the development of terrigenous deposits of oil fields in the Perm Krai.

Methods: methods of probabilistic-statistical analysis and machine learning «random forest regression».

The results. The presented study proposes a new method for predicting reservoir pressure using machine learning, based on a
nonparametric multidimensional model that links well performance over time. The proposed method takes into account the dynamics of
indicators characterizing the operation of wells, and the predicted reservoir pressure is well correlated with the values measured using
hydrodynamic studies. It was found that the «random forest» machine learning method provides better performance in terms of reservoir
pressure prediction accuracy than the linear regression method. The prospects for further development are additional «training» of the
«random foresty model and assessment of the possibility of using other machine learning methods to solve the problem, including
expanding the set of factors for more accurate modeling of reservoir pressure.

Key words:
Artificial Intelligence, machine learning, multidimensional model, random forest,
well operation indicators, current reservoir pressure, correlation.

REFERENCES 6. Jamiu Oyekan Adegbite, Hadi Belhaj, Achinta Bera. Investigations

1. Molchanov A.A., Ageev P.G. Implementation of new technology ?hn ﬂ;e _relat]!(inshlpt_ among the ploro_SIty, germteablllty and pore
is a reliable method of extracting reserves remaining in roat size of transition zone samples in carbonate reservoirs using

hydrocarbon deposits. Journal of Mining Institute, 2017, vol. 227 multiple regression analysis, artificial neural network and adaptive
pp. 530--539. In Rus ' ' ' neuro-fuzzy interface system. Petroleum Research, 2021.

2. Shamsiev MN. The results interpretation of thermogasdynamic Available at: https://doi.org/10.1016/j.ptlrs.2021.05.005 (accessed

. X ; . - 15 August 2021).
studies of vertical gas wells incomplete in terms of the reservoir . .
penetration degree. Georesursy, 2020, vol. 20, no. 1, pp. 39-43. 7. Ponomareva I.N., _Qalkm V.1, Martyushev D.A. Ope_ratlonql
In RUS. method_ for determining bottom hole pressure in mechanl_zed_on
3. Elesin AV, Kadyrova A.S., Nikiforov A.l. Definition of the produc!ng weIIs,' based on the application of mqltlvanate
reservoir permeability field according to pressure measurements regression analysis. Petroleum Research, 2021. Available at:
on wells with the use of spline function. Georesursy, 2018, vol. 20, https://doi.org/10.1016/j ptirs.2021.05.010  (accessed 15 August
no. 2, pp. 102-107. In Rus. . Bomichet HE, B ta M.S., Dobbi A., Alquraishic A
4. Bobb LF. Intemnational experience of E&P software solutions ~ © DEMOUCNEL M.E., Benzagouta M., DODDI A, Aluraishic A.,
development. Georesursy, 2018, vol. 20, no. 3, pp. 193-196. Duplay J A ne_w_emplr_lcal mo_del for enh_ancmg well log
In Rus ' ' ' ' permeability prediction, using nonlinear regression method: Case

5. Belozerov I.P., Gubaidullin M.G. Concept of technology for study from Hassi-Berkine oil field reservoir — Algeria. Journal of
determining the permeability and po?osity properti%)s/ of King Saud University - Engineering Sciences, 2021, vol. 33, Iss. 2,

terrigenous reservoirs on a digital rock sample model. Journal of pp. 136-145.
Mining Institute, 2020, vol. 244, pp. 402-407. In Rus.

148



Martyushev D.A. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2021. V. 332. 10. 140-149

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Wong P.M., Jian F.X., Taggart 1.J A critical comparison of neural
networks and discriminant analysis in lithofacies, porosity and
permeability predictions. Journal Petroleum Geology, 1995,
vol. 18, pp. 191-206.

Nikravesh M., Aminzadeh F. Ch. 1. Soft computing for intelligent
reservoir characterization and modeling. Developments in
Petroleum Science, 2003, vol. 51, pp. 3-32.

Chernikov A.D., Eremin N.A., Stolyarov V.E., Shoev A.G.,
Semenova-Chaschina O.K., Fitsner L.K. Application of artificial
intelligence methods for identifying and predicting complications
in the construction of oil and gas wells: problems and solutions.
Georesursy, 2020, vol. 22, no. 3, pp. 87-96. In Rus.

Lalomov A.V., Boneva A.A., Chefranov R.M. The development of
numerical forecasting systems of primary sources of gold on the
results of placer sampling in the example Vagran placer cluster
(North Urals). Georesursy, 2020, vol. 22, no. 2, pp. 67-76. In Rus.
Evsyutkin V., Markov N.G. Deep artificial neural networks for
forecasting debit values for production wells. Bulletin of the Tomsk
Polytechnic University. Geo Assets Engineering, 2020, vol. 331,
no. 11, pp. 88-95. In Rus.

Popov N.A., Putilov I.S., Gulyaeva A.A., Vinokurova E.V.
Application of deep learning technologies for studying thin
sections on the example of Usinsk oil field. Bulletin of the Tomsk
Polytechnic University. Geo Assets Engineering, 2020, vol. 331,
no. 6, pp. 100-112. In Rus.

Asante Otchere D., Arbi Ganata T.O., Gholami R., Ridhaa S.
Application of supervised machine learning paradigms in the
prediction of petroleum reservoir properties: Comparative analysis
of ANN and SVM models. Journal of Petroleum Science and
Engineering, 2020, 108182.

Harpreet Singh. Machine learning for surveillance of fluid leakage
from reservoir using only injection rates and bottomhole pressures.
Journal of Natural Gas Science and Engineering, 2019, vol. 69,
102933.

Shahab D. Mohaghegh. Subsurface analytics: contribution of
artificial intelligence and machine learning to reservoir
engineering, reservoir modeling, and reservoir management.
Petroleum Exploration and Development, 2020, vol. 47, Iss. 2,
pp. 225-228.

Guoyi Yu, Feng Xu, Yingzhi Cui, Xiangling Li, Chujuan Kang,
Cheng Lu, Siyu Li, Lin Bai, Shuheng Du. A new method of
predicting the saturation pressure of oil reservoir and its
application. International Journal of Hydrogen Energy, 2020,
vol. 45, Iss. 55, pp. 30244-30253.

Guoyin Zhang, Zhizhang Wang, Shahab Mohaghegh, Chengyan
Lin, Yanan Sun, Shengjie Pei. Pattern visualization and

Information about the authors

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

understanding of machine learning models for permeability
prediction in tight sandstone reservoirs. Journal of Petroleum
Science and Engineering, 2020, 108142.

Teixeira A.F., Secchi A.R. Machine learning models to support
reservoir production optimization, IFAC-PapersOnLine, 2019,
vol. 52, Iss. 1, pp. 498-501.

Zhong Zh., Sun AY., Wang Y., Ren B. Predicting field production
rates for waterflooding using a machine learning-based proxy
model. Journal of Petroleum Science and Engineering, 2020,
vol. 194, 107574.

Khamehchi E., Bemani A. Prediction of pressure in different two-
phase flow conditions: machine learning applications.
Measurement, 2020, 108665.

Galkin V.1, Ponomareva I.N., Martyushev D.A. Prediction of
reservoir pressure and study of its behavior in the development of
oil fields based on the construction of multilevel multidimensional
probabilistic-statistical models. Georesursy, 2020, vol. 23, no. 3,
pp- 73-82. In Rus.

Kozyrev N.D., Vishnyakov A.Yu., Putilov 1.S. Assessment of the
uncertainty parameters influence on the development indicators
forecasting. Perm Journal of Petroleum and Mining Engineering,
2020, vol. 20, no. 4, pp. 356-368. In Rus.

Ali Ahmadi M., Chen Zh. Comparison of machine learning methods
for estimating permeability and porosity of oil reservoirs via petro-
physical logs. Petroleum, 2019, vol. 5, Iss. 3, pp. 271-284.

Pan Y., Deng L., Lee W.J. A novel data-driven pressure/rate
deconvolution algorithm to enhance production data analysis in
unconventional reservoirs. Journal of Petroleum Science and
Engineering, 2020, vol. 192, 107332.

Anifowosea F., Labadina J., Abdulraheem A. Improving the
prediction of petroleum reservoir characterization with a stacked
generalization ensemble model of support vector machines.
Applied Soft Computing, 2015, vol. 26, pp. 483-496.

Al Khalifah H., Glover P.W.J., Lorinczi P. Permeability prediction
and diagenesis in tight carbonates using machine learning
techniques. Marine and Petroleum Geology, 2020, vol. 112,
104096.

El-Amin M.F., Subasi A. Developing a generalized scaling-law for
oil recovery using machine learning techniques. Procedia
Computer Science, 2019, vol. 163, pp. 237-247.

Guidotti R., Monreale A., Ruggieri S., Turini F., Giannotti F.,
Pedreschi D. A survey of methods for explaining black box
models. ACM Computing Surveys, 2018, vol. 51, Iss. 5, pp. 1-42.

Received: 22 September 2021.

Dmitriy A. Martyushev, Cand. Sc., assistant professor, Perm National Research Polytechnic University.
Inna N. Ponomareva, Cand. Sc., professor, Perm National Research Polytechnic University.
Lev A. Zakharov, engineer, branch of LLC «LUKOIL-Engineering» «PermNIPIneft» in Perm.

Timur A. Shadrov, senior analyst, Digital Futures Systems LLC.

149



