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OIIEHKA HEOITPEJAEJIEHHOCTHU ITAPAMETPOB
JJIA HOJACYETA 3AITACOB YIVIEBOAOPO1OB
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B coBpeMeHHBIX SKOHOMHYECKHX YCIOBHUSIX OCTPO HE0OXOAWMa TIATeIbHas
npopabOTKa PUCKOB M HEOINPEAEICHHOCTEH Pa3IMYHON MPHUPOJBI HA 3Tarax
Pa3BeIKH U Pa3pabOTKH MECTOPOXKACHHUH yrieBogopoaoB. OCOOEHHO BaXKHBI
HEOINpPEeJeNICHHOCTH MapaMeTpoB, UCIOIb3YeMbIX IpH Mmojcuere 3amacoB. K
HUM  OTHOCATCA  TIOPUCTOCTh,  d((deKTHBHAs  TONIIMHA  IUIACTa,
He()TEHACHIIIEHHOCTh, 00BeMHBIN Kod(dunment. B cratee paccMOTpeHBI
CYILECTBYIOUIME MOAXOAbl K OIEHKE HEONPEAEeICHHOCTH IapaMeTpoB,
BXOASIIMX B (OPMYNTy OOBEMHOTO IMOJCYETa 3aMacoB, a TAKKe MPeJIOKEH
CrIoco0 KOJNMYECTBEHHOW OLEHKH HEONPEIeNeHHOCTH ISl TOPUCTOCTH,
MECYAaHUCTOCTH M HE(PTEHACHIIEHHOCTH C YYETOM IUIOTHOCTH CETKH
NpOOYpPEHHBIX CKBayKUH.

Knrwoueevie cnoea: noocuem 3anacos, HeonpeoeieHHOCHb, MeCmMOpPOICOeHUsS
V271e6000p0008, nempoghusuiecKue napamempol.

MecTopoXKAeHHs YIJIEBOJOPOIOB — 3TO CJIOXHBIE TI'€OJOTHYECKUE
CUCTEMBI, C(hOPMUPOBAHHBIE MO/ BIUSHUEM MHOTOYHCIIEHHBIX Pa3HOPOIHBIX
¢dakTOopoB, MO3TOMY HWHGPOPMALMIO JUIsI OLEHKM UX CTPOEHUS |
HKOHOMUYECKON MEPCIEeKTUBHOCTU MOIYYalOT W3 PA3JIMYHBIX HCTOYHUKOB:
celicMUYecKUX M Treo(U3MYeCKHX HCCIEeIOBAaHUN CKBA)XKMH, HCCIEIOBAHUMN
KepHa u nuidoB. 3MepeHus, noayyeHHbIE STUMU METOJIaMU, CYLIECTBEHHO
pasn4yHbIe MO CBOEMY MaclTaly, pa3pelieHHI0O U IOTPELIHOCTH, jaanee
UHTEPIIPETUPYIOTCSL MO pSAAY  METOAMK, MX  B3aMMO3aBUCHUMOCTHU
AQHAIN3UPYIOTCS U UCIIOJIB3YIOTCS ISl paCIPOCTPAHEHUS CBOWCTB 110 IUIACTY B
HEONPOOOBAaHHBIX OypeHHWEM YyyacTKaX. OJTO TMPUBOJUT K HAKOTUICHHUIO
NOTPEIIHOCTH M HEOIPENEICHHOCTH, KOTOpBIE B pPE3yibTaTe IPUBOIAT K
HEOIpeeNIEeHHOCTH BEIMYMHBI 3amacoB Hedptu u rasa. B 1O ke Bpems
HEOIPEeIEHHOCTh — 3TO HE CTATUYHBIN MapaMeTp, BeJlb 110 Mepe 100aBIeHUs
uHpopMaluu Tpu pa3OypuBaHUUM U TPOBEACHMM HCCIEIOBAaHUN OHa
CHIXKaeTcsa. B 3TOH cBsI3M OCTaeTcsi OTKPBHITHIM BOIPOC O KOJIMYECTBEHHOU
OILICHKE HEOIpe/eIeHHOCTH TE0JIOTMYECKUX MapaMeTpoB, YYacTBYIOIIMX B
pacuere 3anacoB, OCKOJIbKY €AMHON METOAUKH IS €€ OlpeeeHus HeT. B
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pabore  moOCTaBleHa  IENb:  NPEAJOKHTH  ONTHUMAIBHBIA  CIOCOO
KOJIMYECTBEHHOTO BBIPAKEHUS HEOIPEICIICHHOCTH apamMeTpoB,
UCIOJIBb3yEMBIX MPH pacyeTe 3anacoB He(PTH, U PACCMOTPETh €r0 MPUMEHEHHE
Ha MPUMEPE PEaNbHBIX JAaHHBIX Ul y4acTKa He(TSHOTO TUIacTa B 3amaHon
Cubupu.

OObeMHBI METOI SBJSICTCS OCHOBHBIM JIJISI  OICHKH  3aracoB
yrieBoopoaoB. ['eomormyeckue 3amackl HE(PTH PACCUUTHIBAIOTCS IO
crenytomien popmye:

Qreon =S h"NTG - @ - Spi* 0 py, 1)
rae S — IUIomab 3a1eXH, ThIC. M2 ;

h - TonmMHA IIJ1aCTa, M;

NTG — Net to gross — xko3h}HUIMEHT NECYaHHCTOCTH, KOTOPBIHA
MOKa3bIBACT JIOJIO TOJIIMHBI IJIACTa, CIOKEHHYIO KOJUIEKTOPOM, J.€11.;

¢ — IOPUCTOCTb, 1.€11.;

Soii — HEPTCHACHIIIEHHOCTD, 1.€]1.;

0 — nepecueTHBIN KOAPOUITUEHT IS y9eTa U3MEHEHUs: o0bemMa HeTh
MocJIe era3upoBaHus, 1.¢/1.;

Py — II0THOCTH HedTH, T/M3 [8].

[Tapametpsl, Bxomsmue B (GopMmyly, pasfensioT MO HCTOYHHKAM
JAHHBIX O HUX: TUIOIIAbh 3aJICKU U TONIIMHA TUIACTa — ITO TEOMETPUYCCKHE
XapaKTEPUCTHKH 3AJICKH, KOTOPBIE MOyYaroT 0 OYPEHHIO M CEHCMUYECKUM
WCCIICIOBAaHUSIM, TIOPUCTOCTh M HEPTEHACBIIICHHOCTh — METPO(U3NICCKHE
napaMeTpsl, MOJy4aeMble IyTeM KOMIUIEKCHPOBAaHUS HHPOPMAIIUH 110 KEPHY
u reopusndeckuM uccienaoBanusiM ckBakuH (I'MC); mioTHOCTh U 00BEMHBIN
KO3 PHUIHEHT — mapameTps! (IIFOH/IA, TOIydaeMble TI0 0TOOPaHHBIM MTPOOaM;
WHTEpBalbl KoJulekTopa ompeneisitorcss no [MC, omnako xapakrep
pacrpocTpaHeHHsT KOJUIGKTOpa MO Jarepand OOyCJOBJIEH MpPUHSATOU
KOHIIETILIMEH Te0JIOTHYEeCKOr0 CTpOeHHUsl pe3epByapa. Ha omeHky oObema
3aJIeKU CYIIECTBEHHO BIIMSET BOJOHE(PTSIHONH KOHTAKT M HEONPEACICHHOCTD
€ro IOJIOKEHHs, KOTOpOe, B CBOK ouepenb, onpenenserca no [MC u
KAWL PUMETPUIECKUM UCCIIEIOBAaHUSM KEpHA.

OObeMHBIII METOJ] TPHUMEHSAETCSs U JUIsl BEPOSTHOCTHOH OILICHKH
3amacoB. B aToM ciydae 3a1ar0Tcsi JUCTIEPCHH TTI0 TIOACYETHBIM ITapaMeTpaM,
MPOU3BOJUTCS MHOTOBAaPHMAHTHOE MOJEIHPOBAHUE, U B pe3yabTaTe
MOJTyYarOTCS TPH 3HAYCHUS 3aI1acOB C PA3IMYHBIME BeposTHOCTsMH — P10,
P50 u P90 [4].

[Mpexne, 4eM TPUCTYNUTh K PACCMOTPEHHUIO CHOcoOOB pacuera |
NIPEJCTaBICHNUS HEONPEIEICHHOCTH, ClIeAyeT PUBECTH CaMo MOHSITHE U €ro
OTJIMYUS OT MOHATHUS pUCKA. PUCK — 3TO BeTMYMHA BEPOSITHOCTH HACTYIUICHUS
HEKOTOPOTo HEOJIaronpusATHOr0 MUcxona. MOXHO ONpEeAETUTbh PUCK Kak
KOHKPETHYIO BEJIWYMHY HEONPEACTICHHOCTH, TNPH KOTOPOW CYIIECTBYET
BO3MOKHOCTh YOBITKOB, HETAaTUBHBIX MocieAcTBUi. HeonpeneneHHOCTh — 3TO
COCTOSIHUE, TIPH KOTOPOM «HCTHUHHBIN» pEe3ylbTaT HEW3BECTCH, TO €CTh,
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CYLIECTBYET psAJ BO3MOKHOCTEM C COOTBETCTBYIOIIMMHU BEPOSTHOCTAMHU. B
KauecTBe NpUMEPA PHUCKA MOKHO MPUBECTH BEPOSTHOCTh HAJIUYMS
HENpoHHUIaeMoro pasiaoma. [Ipumepom HeonmpeneneHHOCTH MOXKET CIIYKUTb
JIMaIla30H CpeHEN BEIMYMHBI IOPUCTOCTH WM MPOHULIAEMOCTH KOJUIEKTOPA.
HeonpeneneHHOCTh MOXKHO CHU3UThH, @ PUCK MOXXHO TOJBKO CHSTh. «Puck
BO3HHMKAeT BCErJa IpPU KOHKPETHOM JEHCTBUM CHUCTEMBI INOATOTOBKH U
OCBOCHMS 3alacoB He(TH M ra3za, a HEOINpPEJeNCHHOCTh CBOWCTBEHHA HE
pPEUICHUIO O JEUCTBUH, a CPeJie pealiu3alnu 3Toro pemeHus» [3]. Kpome Toro,
CUTyallUs HEONPEACICHHOCTH 3a4acTyl0 CBsi3aHa C HEOOXOJIUMOCTBIO
MPOTHO3UPOBAHUS Yero-nubo, B Cllydae C TE0JIOTUYECKUM OOBEKTOM
BO3HHMKAET CXOXKasi MNpobjemMa pachpoCTpaHEHUs CBOWCTB B TOYKaX, HE
OXBAauYCHHBIX ONpoOOBaHMEM (HampuMep, MeXIy CckBaxkuHamu). Jlis
re0JOrMYECKUX apaMeTPOB HEOIIPEIEIEHHOCTh BbIPAKAETCs Uepe3 UHTEPBAII
MX BO3MOXXHBIX 3HAYEHUH.

PaccmoTpuM craTHcTHUYECKHE IapaMeTpbl, KOTOPbIE HCIOIb3YHOTCS
IpU OIICHKE HEeOoMpeesieHHOCTH. Ecnmu cymecTByeT COBOKYMHOCTh u3 N
3HauUEHUN MEepeMEeHHON {, UX cpelHee apudMmeTHueckoe 3HaueHue — M.
Pa3zbpoc 3HaueHWii BeNMYMHBI XapaKTepusyercs auchepcueii o2 u
CTaH/IapTHBIM OTKJIOHEHUEM O

TN (Gi—M)?
g? ===t ——; 2)
N M2
O_ — lel((l M) . (3)

N

Cnenyer otrmeTrutbh, uto nenutenab N ucnosb3yercss npu OO0JIbIIOM
KojaudecTBe 3HadeHui (6osee 100), Torma kak st HEOOJBIIOH BBIOOPKH B
3HameHnatene craButrcs pasHocTtb (N-1) [9]. CramgapTHOe OTKIOHEHUE
U3MepsieTCsl B TeX Ke EAMHMIIAX, YTO M pacCMaTpUBAeMbId MapaMerp.
Jlucriepcrsi ¥ CTaHJApTHOE OTKJIOHEHWE IMOKA3bIBAIOT BEIMYHMHY CPEIHETO
OTKJIOHEHHS 3HAYECHUI MapaMerpa OT €ro coOOCTBEHHOTro cpeaHero. B To xe
BpeMs, OJIHO M TO J>K€ OTKJIOHEHHE MOXeT ObITh Oojee WU MeHee
CYIIECTBEHHBIM B 3aBUCUMOCTU OT BEJIUYUHBI CPEIHEr0, MOITOMY TaKXKe
ucnosab3yercs koddduurent Bapuauuu Cy:

g
Cy =—. 4
=2 (4)
HGOHPEJIEJIBHHOCTL qepes 3aBHCHUMOCTH mapamMeTpoB.

HeonpeneneHHOCTh OTAENBHBIX TNApaMETPOB BO3MOXKHO AaHAJIU3HPOBATh
JIETAJIbHO, ONMPASICh HA BXOJHBIE NAHHBIE IS UX ompexacieHus. B crartbe
TPYIIBI aBTOPOB HAy4YHO-UCCIENOBAaTENbCKOro IieHTpa «laznpomMHedTH»
OIICHMBAJIACh HEONPEJEICHHOCTh KOd(h(UIIMEHTa TMEeCYaHUCTOCTH Yepe3
TPAaHUYHYIO BeMWYMHY mpoHunaeMoctu [2]. Tlockompky B KapOOHATHBIX
pe3epByapax HE BCErJa BO3MOXKHO BBIJIEIECHHUE KOJUIEKTOpA IO MPSMbIM
npuszHakaMm B gaHHbIX ['MC, nis 3Toil Henu UCHOoJIb3YIOTCS KOJTMYECTBEHHBIE
KPUTEPUH, OTIpeiesieMble TI0 TETPOPUINIECKUM 3aBUCUMOCTSIM MTapaMeTPOB.
B paccmorpennom mpumepe st bameWKWHCKOTO MECTOPOKISHHUS oO0Ias
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[IOPUCTOCTh ~ CONOCTaBIsUIACh € JUHAMHYECKOM  IOPUCTOCTBIO U
MIPOHUIIAEMOCTBIO TIO0 Tra3y /s ONpENeNeHUs TPAaHUYHOM MOPUCTOCTH
kowiekropa. [lpu comocraBienun pesynapratoB [MC 1 npombIcioBo-
reo@U3M4ecKuX HCCIEAOBaHUN BBIICHUIOCH, YTO HE BCE BbIJCICHHBIC
WHTEPBAIBI  KOJUIGKTOpa padoTaloT. [Ipu comocraBneHun oOmEH U
JUHAMHYECKON MOPHUCTOCTH HAa KPOCC-IUIOTE Oblia BBISBICHA MOTPEIIHOCTD
11,1 % mu1a rpanuuHoi nopucroctu 3,3 %, 4YTO HECYIIECTBEHHO MOBJIMSIIO Ha
OLIEHKY Tmec4yaHuctocTH. Ilpu comocraBneHnu oOmENH MOPUCTOCTH U
MPOHHUIIAEMOCTH OBUI IPHHAT BO BHUMAHHE TUAMa30H BO3MOXKHBIX TPAHUYHBIX
3HAYEHUH MOPHUCTOCTH KOJUIEKTOPA, COOTBETCTBYIOIIUX MpOHHIIaeMocTH 1 -
1073 Mxm?. W3 sToro muanazoHa ObLla BbIOpaHAa TIpaHUYHAs BEIMYMHA
MIOPUCTOCTH, KOTOpasi HAUIY4YIIMM 00pa3oM COOTBETCTBOBaJla pe3yjbTaTam
MIPOMBICIIOBO-T€O(PU3NIECKUX UCCIICAOBAHMIM.

OTOT  METOJ  JIeTAIbHO  paccMaTpuUBaeT  HEONPEIEICHHOCTD
[IOJICYETHOT'O ITApaMETPa, BOZMOKHO MCII0JIb30BaHUE IOJOOHOT0 MOAX0/1a JUIs
OLICHKH KOPUI0pa HEOMPEAeNEHHOCTU MOPUCTOCTH M HEPTEHACHIIIIEHHOCTH.
Opnaxo nerpou3nyuecKre METO bl UCCIIEJOBAHMS U ONPEAEIICHUS B3aUMHBIX
CBsI3€i TMapaMeTpOB MHOTOYHUCICHHBI W WMHIUBUAYAIbHBI JJIS Pa3IHMYHBIX
JUTOJIOTO-(pallnaIbHBIX YCIOBUHN, MOITOMY TaKOW IMOAXO] UCHIOIB3YETCs IS
pEelIeHNs YaCTHBIX BOIIPOCOB.

Kaaccnuecknii crmocod omeHKH HeomnpeaejieHHOCTH. B paborax
KOJUIEKTUBOB HAaY4YHO-HCCIIEOBATEIbCKUX HMHCTUTYTOB HE(TEI00BIBAIONINX
KOMIIAaHUH TOAPOOHO OINHUCAHBl TMPAKTHYECKUE TPUMEPHl NPUMEHEHHS
KJIACCMYECKOIr0 CIrocoda MJsi OLIEHKH HEOMPEIeICHHOCTH TIe0IOTUYECKUX
[apaMeTpoB IOJCYETa 3amacoB Juisl Leneld pa3paboTku BaHkopckoro
He(drerazoporo m HwuBarambckoro HedTsHOro MecTopoxkaenwii [5, 7]. B
o0mieM ciayyae s OLIEHKM HEONpPEIENIeHHOCTH BCEX IapaMeTpoB
MPUMEHSIETCS CIEAYIOINN MOAXO0/I: ONpeeseTcsl CTaHJapTHOE OTKIOHEHHE
napaMmerpa Mo BCEM CKBaXKMHaM (MIOBEPXHOCTh MJIM KOHCTAHTA), 3aT€M OHO
nob6asinseTcst K 0a30BOMY paclpe/ielIeHUI0 CBOWCTBA 1o miacty (Bapuant P50
— pacmpeneneHue MmapaMerpa ¢ BeposTHOCTBIO 50%) ¢ mOMOIIbIO
MOCTPOCHHOM CTOXaCTMYECKOW IOBEPXHOCTH OHIMOOK C HOPMallbHBIM
pacmpeneneHieM, CpeaHMM B HyJ€e W JUCIEPCHEH, pPAaBHOW E€IUHUIIE.
[ToBepXHOCTH OMIKOOK MOJTyUeHa ¢ MOMOIIIBI0 anroputMa Sequential Gaussian
Simulation, B Toukax CKBaXWHBI CTaHAAPTHOE OTKJIOHEHHE MPUHHUMAIOT
paBHbIM Hymo. Takum o0pa3oM, OJHa U3 BO3MOXHBIX peaau3alui
S, pacnpeneneHusi CBOMCTBA pacCUUTHIBAeTCs o popmyiie:

Sr = Sbasic case T 0 * Usgs, ®)
T€ Spasic case — 0OA30BBIA BApUAHT pacIpeieNICHNS,

Usgs - croxacTuyeckasi IOBEpXHOCTh OINOOK.

CranmapTHoe  OTKJIIOHEHHE [0  [apaMeTpaM  OIpenelsieTcs
pa3NUYHBIMH TYTAMHU. JJ1s1 ompeneneHnss HeOnpeaeIeHHOCTH CTPYKTYPHBIX
MOBEPXHOCTEH IJIacTa pacCMaTpUBAIMCh PA3U4YUsl 3HAUYEHHH OTOMBOK IO
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CKBa)XMHAM M CEMCMHYECKOM MOBEPXHOCTH I10 KPOBJE M IOJOIIBE ILIACTA.
OTK/IOHEHHE OT CpegHero JJisi IOPUCTOCTH BbIOMPAJIOCh Ha OCHOBE
pacmpeneneHus IMOPUCTOCTH M0 CKBakWHaM, mnonydeHHo no [MC wu
YBSI3aHHOM C KEPHOBBIMHU JAaHHBIMU. OTKJIIOHEHUS 110 HE(PTEHACHIILIEHHOCTH U
NTG ompenensnuch 1O THUCTOTpaMMaM JTHX IapaMeTpOB, HCXOISA U3
HauOoJbIIed IJIOTHOCTH  PAaCHpeleNieHHss M COOTBETCTBYIOLIMX e
UHTEpBaIOB. Paz0bpoc mo cBoiicTBaM He()TH YUUTHIBAICA 1O PaCIpeIeICHUI0
3HA4YEeHUH 10 BCeM HUMeroIuMcs npodaM. HeompeneneHHOCTh MOJI0XKEHUs
BHYTPEHHEI0 W  BHEmHero  BogoHe(pTsHBIX  KoHTakToB  (BHK)
paccMaTpuBanach 4Yepe3 pacHpelelIeHHe BCEX BO3MOXKHBIX KOHTYPOB
BOJIOHE(PTAHOTO KOHTAKTa ¢ yueToM pazdpoca ormerok BHK 1o ckBakunam u
CTPYKTYPHOM HEONIPEAEICHHOCTH KPOBJIM U ITOJOIIBHI IUIACTA.

KiroueBoii M BecbMa 3HAYUTENBbHBIM HEAOCTATOK 3TOr0 METOAA
3aKJI0YaeTcss B TOM, YTO IMpH J00aBIEHUU HOBOM HH(poOpManUu
HEONPEIEIEHHOCTh B TOM CMBICJIE, B KOTOPOM €€ 3aKJIaJIbIBAIOT, B UJI€aJIbHOM
cllydae JOJDKHA CHMKaTbes. OIHAKO CTaHIApTHOE OTKJIOHEHHUE, 33a7aBacMoe
yepe3 NOrpelHoCTh METOJa ONPEEIICHUs TapaMeTpa He OYJeT U3MEHATHCS;
€CJIM PacCUMUTBHIBATh CTAHJAPTHOE OTKJIOHEHHWE AJI IapaMmeTpa B KaKIOW
OTJENIbHOW CKBaXMHE, TO B HOBBIX CKBXMHAX OHO MOXXET OBITH OOJIbIIE,
MEHbIIIE WIN TaKUM XK€, KaK B paHee NpOoOypeHHbIX CKBa)KMHAX, WK BOOOIE
PaBHBIM HYJIIO, €CJIIM B CKBa)XMHE BBIJCP/KUBACTCS OJHO U TO K€ 3HAYCHUE
IOPUCTOCTU IO Bced TommuHe. M3 3TOro cienyer, 4yrto B IPUBEIECHHOM
crocobe HEONpEeEIEHHOCTh CHUXKAETCS TOJIBKO 3a CUET HYJEBOIO 3HAUECHHUS
OTKJIOHEHHMS] B CaMOM CKBa)kKMHE. B TakoM ciyyae NpUHIUIUAIBHO Ba)KHO
KOPPEKTHO 33/1aBaTh paHI BapHOIPaMMbl OLIMOOK, KOTOPBI HE COBIAJAET C
paHroM JJIsi CaMoro CBOICTBA U B JaHHOH paboTe BbIOMpPAETCs SKCIEPTHBIM
IIyTEM HUCXOJs M3 PAa3pElICHMs] CEHCMUYECKHX HCCIEAOBAHUN U JIMTOJIOTO-
(banmaabHBIX YCIOBUH.

MOKXHO BBIIEIUTh JOCTOMHCTBA M HEJOCTATKM METOAAa pacyera
HEOIPEIEIECHHOCTH Ye€pe3 CTaHIapTHOE OTKIIOHEHUE:!

1) CTaHJApPTHOE OTKJIOHEHHE XapaKTEepU3yeT W3MEHUYHUBOCTh
Cpefbl, TaK Kak OHO OyzeT Ooblie MpU 3HAYUTENILHOM pa3dpoce 3HaYeHUi
napamerpa. To ecTp, B IUIacTe C HEBBICOKOM M3MEHUYHMBOCTBIO YBEPEHHOCTh
IIPH  PACHPOCTPAHCHUU CBOMCTB II0 IIIAcTy Bbllle. B TO ke Bpems
HE3HAYUTENbHbIM pa3dpoc MO CBOMCTBY B CKBa)KMHE HE JA€T OCHOBAHHUSA
JieNaTh BBIBOJ O HU3KOM HEONpPEeAeIeHHOCTH, €CIM CKBAXXUH NMPOOYPEHO ellle
MaJjio, ¥ MeXIy HUMH OOJIBIIIOE PACCTOSTHUE.

2) CTaHJApPTHOE OTKJIOHEHHUE HE IMO3BOJISECT MOKA3aTh YBEIUYCHUE
YBEPEHHOCTH TMpU MOCTYIUIEHUU JOMOJIHUTENbHOM HMH(pOpMaluu o
napaMerpax reoJorudeckod cpenpl. OuUeBHIHO, YTO HEONPEIEIEHHOCTD
CYILIECTBEHHO CHUXXAeTCid MpH OypeHHUH HOBBIX CKBOXKHWH U MPOBEACHUU
JIOTIOJIHUTEIIbHBIX UCCIIEIOBAHUM.
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JuTponusa IlleHHOHa I OLEHKH HeompeaejieHHOCTH. BHauane
npouutoro  Beka Kimogom  IllenHoHoM  Oblia  mpeayiokeHa — Mepa
HEOIPEIIECHHOCTH MH(POPMaIu, Ha3BaHHAs WHPOPMALMOHHON >HTPONHEH
[12]. DOrto HenpepblBHAs BEIWYMHA, XapaKTEPU3YIOIIas JAUCKPETHYIO
NEepEMEHHYI0, onpezensemas 1o popmyie:

H(X) = — Xxexp(x) -log; p(x), (6)
rae X — MHOKECTBO 3HAUCHUH NTEPEMEHHOM X ;

p(x) — BEpOSTHOCTP MOSIBJICHUS 3HAYECHUS X.

HudopmaninoHHasi SHTPONHUS HE 3aBUCUT OT 3HAUCHUS NIEPEMEHHOM, a
3aBUCHT TOJBKO OT BepositTHocTU. OcHOBaHHWE JsorapupMa 2 TMO3BOJISIET
U3MEpATh 3Ty BEIMYMHY B OMTaX, TaKK€ MOXHO HCIOJIb30BaThb U JIPYrHe
OCHOBAHUs, HANpUMEp, HATYPAJbHBIN JIOrapu(M, OJHAKO B TAKOM CIIydae
eAMHUIIAMU U3MEpeHHs OyayT HaT, TpUT uiu Xxaptiu [10, 11].

Haubonbsmemy 3HAYEHUIO MH(POPMALIMOHHOM SHTPONHHU
COOTBETCTBYET CHUTYyallHs, TP KOTOPOM BEPOATHOCTH BCEX MCXOJOB PaBHBI

(puc. 1).

0 1 1 L L | | |
0 01 02 03 04 05 06 07 08 09 1

P
P u c. 1. B3aumocBsi3p nH(bOpMannoHHoit suTporiu H(p)
u Bepositoctu P (Cover, 1999)

B pabore H.B.Knmumenko [1] wuHpopmanmoHHass 3SHTponus
UCMOJb30BaHA B KauecTBE Mephl IpHpocTa HHPOpMauuUu Npu OypeHHH
CKBOXMH B pPE3EpPByapax pa3jau4HON I'EOJIOTMYECKOW CIOKHOCTU. Pacuer
KyOOB SHTPOINHHU MPOU3BOJMICA B CpE/€ I'eOJOrMYECKOro MOAETHPOBAHUS
Petrel (Schlumberger) o 101 peanuzanuu pacrpeneneHus Garui KoJuIeKTopa
U HEKOJJIEKTOpa Ha CHHTETHUYECKUX MOJeNsAX. BeposTHOCTH mpucyTcTBUS
KOJIJICKTOpA WJIM HEKOJUIEKTOpa B STYEHUKE OIMPEeNsiach Kak CyMMa HCXOZ0B
BCEX peajM3alii, OTHECEHHas K KOJMYECTBY pealn3aluii.

DTOT METOJl TMO3BOJISIET HATJSIIHO TIOKa3aTh TUHAMUKY CHIDKEHUS
HEOIPEeICIEHHOCTH MpH J100aBaeHnn nHpopmanuu o cucreme. OaHaKo s
MOPUCTOCTH ¥ HACHIIMIEHUS OH YCIOXKHSIETCS M3-3a OOJBIIOTO KOJHMYECTBA
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BO3MOJKHBIX 3HA4YeHMM (MM MCXOJOB) U pacyeTa COOTBETCTBYIOIIMX UM
BEPOSATHOCTEM.

pennoxeHHblii KOIPPUUUEHT JJIA KOJUYECTBEHHON OLICHKHU
HeompeaeJIeHHOCTH. PaccMOoTpyuM JBa NpeeabHbIX BApUAHTA, CXEMATHYHO
OMHCHIBAIONINX COCTOSHUE MECTOPOXKACHUs: 1) HeOONbIIoe KOJIMYECTBO
CKBKMH HA 3HAYUTEILHOM PACCTOSHUU (CTaaus Pa3BEAKH), U3MEHUYUBOCTD
TONMH # (PUIBTPAIIMOHHO-EMKOCTHBIX CBOWCTB HHU3Kas; 2) Oo0ibIIoe
KOJIMYECTBO CKBAXKUH Ha KOPOTKOM PAacCTOSIHMM (cTagusi pa3paboTKu), HO
BBICOKAss M3MEHYUBOCTH (puc. 2). B mepBoM ciydae HeONpeneleHHOCTh
00yCIIOBJIEHa HEIOCTaTKOM HH(OpPMAIMH, a BO BTOPOM — €€ XapaKTepom,
CJI€IOBATENbHO, JUISl OLEHKH KaXKJI0M W3 ATUX COCTABIISIIONIMX HEOOXOAUM
oTaenbHbIN moaxox [ 13]. B TpeTheM cirydae (MaKCUMalIbHO HEOTIPEACIICHHOM )
BO3MO>XHO COBMEIIIEHUE JBYX MOBBIIIAIOIINX HEOMPEACICHHOCTh (haKTOPOB:
HAYaJbHBIX  ATAoOB  Pa30ypUBaHHs  MECTOPOXKACHUS U  BBICOKOM

T€OJIOTHYECKOM CII0KHOCTH.

5 D <P
—D- <P
o @ e

P u c. 2. llpenenbHbie cyyan COCTOSIHUSI U3YYEHHOCTH
MECTOPOKICHUS

Meroauka, onuparonascs Ha CTaHJApTHOE OTKJIOHEHHUE MapaMmerpa,
HauboJee puemiieMa B citydae 2, Ho JJis ciydaeB 1 u 3 cienyer onpenesnuThb
JPYTYI0 XapaKTepUCTUKY JUIsl ydeTa HeJocTaTka HHPOPMALlUU U PacCTOSIHUS
MEXly TOUKaMHU HaOIIOACHHUSL.

JUisi  KOJIMYECTBEHHOTO BBIPAXKEHHS HEOINPENENEHHOCTH dYepe3
U3MEHYMBOCTh IapaMeTPOB TEOJIOTHYECKON Cpeibl C y4eTOM KOJIMYeCTBa
NpoOypeHHBIX CKBOXHH M PACCTOSHUS MEXIYy HHUMM Ipeuaraercs
UCTIONIB30BaTh CTAHIAPTHOE OTKJIOHEHHE IO BCEM CKBAXMHAM Ha YyYacTKe,
YMHO>XEHHOE Ha IJIOTHOCTh CETKU MPOOYPEHHBIX CKBAKUH Ha HEM:

STD' = STD -3, ©)
rae STD — cranaapTHOE OTKJIOHEHUE, PACCUUTAHHOE 10 BCEM CKBAKMHAM Ha
y4acTKe JUIsS OJTHOTO OIIEHWBAEMOT0 TIapaMeTpa;

N — xonn4ecTBO MPOOYPEHHBIX CKBAKUH HA YYAaCTKE MECTOPOXKICHUS;

S — nomank y4acTka, KM,

IIpy HEOOXOOUMOCTH CpaBHEHHMS JMHAMHUKH HEOIPENeIeHHOCTH
pasHBIX TApaMEeTPOB MEXAy co00i, MOXXHO HCIOJb30BaTh BMECTO

CTaHL[apTHOFO OTKJIOHCHU A KO:')(I)(I)I/IHI/ICHT BapI/IaLII/II/I:
STD
vV ==-; (8)
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v =cv-s, (9)
rae M — cpenHee 3Ha4eHUE ITapaMeTpa 10 BCEM CKBaKMHAM.

B 5TOM cilydae IOJyYaeM eIMHMIIBI M3MepeHHus % * KMZ, Toraa Kak
€IMHMLBI H3MEPEHUs CTaHJApTHOTO OTKJIOHEHHsA TakKue K€, Kak Yy
aHAJIM3UPYEMOI0 TapaMeTpa, 4YTo OoJibllleé MOAXOAUT Ui CPABHEHMS
JUHAMHMKU CHW)KCHHS HEOIPEIEICHHOCTH WIN IUIOWAAed II0 OJHOMY
napamerpy.

PaccMoTpuM pUMEHEHHE 3TOTO MOAX0/a HAa pealIbHbIX NAaHHBIX. [l
aHanmu3a ObLI B3ST y4YacTOK IUIOMIAAbI0 3 HAa 3 KM KPYIHOTO HE(TSIHOTO
MecTopoxkaeHus Z B 3amagHod Cubupu, a HMMEHHO HCIOJIb30BAINCh
pe3yabTaThl  MHTEPIPETalud Treo(U3NYecKuX HUCClIeAoBaHMi 1o 54
CKBLKMHAM M HCTOpPHMS HX BBOJA B OJKCIUIyaTanuro. PaccMaTpuBaeMblil
HedTsHOH mact BC1 0THOCUTCS K HIPKHEMENIOBOM CHCTEME, OH TPEACTaBICH
[ECUYAaHUKOM, C(HOPMHPOBABIIMMCS B MEIKOBOAHO-MOPCKHX YCJIOBUAX, U
OTJIMYAETCS BBICOKMMH (DHIIBTPALIMOHHO-EMKOCTHBIMH CBOWCTBaMH (CpEIHSS
MOPHUCTOCTH 1O (anuu KomiekTopa 26%). 3a1eKp aHTUKIMHAIbHAs, CBOMCTBA
XOpOLLIO BBIAEPKAHBl 110 IUIOIIAJM, OCJIOKHEHUH B BUJE Pa3JIOMOB H
JIMTOJIOTUYECKUX 3aMELICHUH HET.

[Tockonbky pazpaboTka mMecTopokaeHust ujaer ¢ 1965 r., cKBaXUHBI

ObUTH CTPYNIIUPOBaHKI B TpH Habopa: 1) mpobypennsie 10 1975 r.; 2) B nepuon
¢ 1976 no 1995 r.r.; 3) mocne 1995r. (puc. 3).

7179_65-715_9;57, 15 cKBaXkKuH . 197 é—iégg, 26 CKBaXXMH

h 1§§5t5008, 54 cKkBaKUHbI

P u c. 3. Ilonuron no orOMBKaM CKBa>KUH, OTOMBKU COOTBETCTBEHHO
1, 142, 1+2+3 rpynm ckBaxuH
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COOTBETCTBEHHO pacCMaTPUBAINCh TPU COCTOSHUS pPa3OypUBaHHS
MecTopoxaeHus (puc.3): 1) ckBakuHbl | Tpynmbl; 2) ckBakuHbI 1 U 2 Tpymn;
3) ckBaxxunsbl 1, 2 u 3 rpynm. JlocTynHble A aHalIM3a JAHHbBIE BKIIOYAIOT
KPHUBYIO IOPUCTOCTH, JIUTOJIOTUH U HE(TEHACBHILIEHHOCTHU (TaK)Ke JOCTYIIHbIE
B Buje obOmiel tabnumbl Excel), a Takke WHKIMHOMETpHH M OTOWUBKH TIO
wiacty. VHKIMHOMETpUM M OTOMBKM CKBaXXMH OBUIM 3arpykKeHbl B Cpeay
moaenupoBanus Petrel (Schlumberger), mo oTOuBkaM ckBa)KUH ObLT CO3/1aH
HOJUIOH, paccuuTaHa €ro Ivlomanb. Jlng ympoueHus [uis Tpex TIpymil
CKBAQKUH UCIOJIb30BAJICS OAMH U TOT XK€ IOJUIOH.

PacueTsl cTaHZApTHOrO OTKJIOHEHMsS, CpelHero M Ko3(dduuueHToB
BapHallMk Il TMOPUCTOCTH, HE(PTEHACHIIEHHOCTH © KO3 duImenrta
HIECYAHUCTOCTH MPOHM3BOIMIKCE B TabimuHOM mpoueccope Microsoft Excel.
[TosryueHHBIe pe3yabTaThl IPUBEACHBI B Ta0I. U Ha puc. 4.

Ha nomyuyeHHbIX rpadukax BHJHO, YTO HEONPEAEICHHOCTh 10 BCEM
TPEeM IapamMeTpaMm CHH)KAeTCsl MPUMEPHO B 3 pas3a, TOYHbIC 3HAUeHHS - 3,25
JUISL IOPUCTOCTH, 3,1 /I HEPTEHACHIIIEHHOCTH U 2,84 ISl IECYaHUCTOCTH.
3aBUCUMOCTH OJIM3KHU K jiorapumMuyeckuM QyHKIMsM. MOKHO OTMETHUTH,
4yT0 HamOoNbIMK KO3(QQUUUMEHT BapHaluu IOJydyeH [ulid [apamerpa
[ECYaHNUCTOCTH, @ HAUMEHBIIUHN — 11 HOPUCTOCTH.

Ecnu aHanu3upoBaTh ONMMCAaHHBIE 3aBUCHUMOCTU ISl T'€0JIOTHYECKUX
OOCTaHOBOK €  pa3iMYHBIMH  CEAMMEHTAIIMOHHBIMH  yCIOBUSIMH U
Ie0JIOTMYECKOM  CII0)KHOCTBIO, MOKHO IOJIyYUTh THUIIOBBIE 3aBUCHUMOCTHU
CHIDKEHUS HEONPEIeICHHOCTH P OYpEeHUH HOBBIX CKBayKUH. [Ipennoxennas
xapakrepuctuka CV' MOXET HCIONIb30BaThCs JJIsl CPaBHEHHS YYacTKOB
MECTOPOXKACHHUSI IO IapaMeTpy HEONPEIEICHHOCTH KaKoro-imbo w3
apaMeTpoB I10JICYETa 3a1acoB.

Takum o00pa3oM, B pe3yabTaTe MPOBEJECHHOIO MCCIEAOBAHUS B
KayecTBE ONTHUMAJIBHOIO TIapaMeTpa s KOJMYECTBEHHOM  OLIEHKH
HEOIpEAECNEHHOCTH TMOPUCTOCTH, HE(PTEHACHIIEHHOCTH U KO3(QuireHTa
NECYaHUCTOCTH C YYETOM IUIOTHOCTH CETKH MpPOOYPEHHBIX CKBa)kKMH
npeiokeH Ko GULMEeHT Bapraliy HapaMeTpa, YMHOKEHHBIHN Ha III0THOCTh
cerku. OH TMO3BOJSET CPaBHMBATH MEXKJIy COOOH pas3IUYHbIE YYacCTKU
MECTOPOXKACHHSI TI0 HEONPEAECIEHHOCTH OT/EIbHBIX MapaMeTPOB, BBISIBISTH,
Kakoll mapameTp CBsi3aH C HaumOOJbLICH HEONpeAeNeHHOCTbI0, a TaKXe
IIPOCJIEKNUBATh AUHAMUKY CHI)KEHUS HEOIPEIEJICHHOCTH MO0 Mepe OypeHus
CKBaXMH. B pe3ynbrare pacuera NpeaokKEHHOTO KodpHUIMEeHTa A
peaIbHBIX JAHHBIX ydacTKa HEQTSIHOrOo MeCTOpoKaeHus B 3anagHoil Cudupu
HOJTyYEHBI 3aBUCUMOCTH HEOIPEAEIEHHOCTU IIOPUCTOCTH,
He(TEHACBHIIICHHOCTH M MECYaHWCTOCTH UIA TPEX O3TaroB pa3OypuBaHUA
MmectopokaeHus. IlomyuyenHele rpaduku 1O XapakTepy ONM3KH K
Jorapu(pMHUUECKUM 3aBUCUMOCTSIM.
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Tabruya

Pe3y.]'IBTaTI>I pacduc€Ta HEONMPECACICHHOCTH JIA ITIOPHUCTOCTH,
HaCbhIIICHHOCTHU U ICCYaHHUCTOCTH

15 cxkBaxun, 1965-1975r.r.

Ilapamerp STD N S,m*2| STD' M cv’
ITopucrocts, % 1.28 15 4.886 0.42 26.62 1.57
HedTeHachIeHHOCTS,

% 14.61 15 4.886 4.76 70.12 6.79

TlecyanucTocTs, 1.€1. 0.22 15 4.886 0.07 0.81 8.70
26 ckBaxxuH, 1976-1995r.r.

Ilapamerp STD N S,m*2| STD' M cv'
[opucrocts, % 1.29 26 4.886 0.24 25.95 0.93
HedreHachIeHHOCTD,

% 16.30 26 4.886 3.06 69.87 4.38

Tlecuanucrocts, A.e1. 0.25 26 4.886 0.05 0.81 5.77
54 ckBaxkunbl, 1996-2008r.r.

IHapamerp STD N S,m*2| STD' M cVv'
[lopucrocts, % 1.42 54 4886 | 0.13 26.44 0.48
HedrenacrsimennocTs,

% 16.56 54 4886 | 1.50 68.37 2.19

ITecuaHUCTOCTH, 1.€1. 0.26 54 4.886 0.02 0.77 3.06

V', %-[km]"2 CV*S/N oT Konuuyectsa NpobypeHHbIX CKBAXKMUH

10.00

9.00 8.70

8.00

6.00

5.00

4.00

3.00

2.00

1.00

10 15 20 25 30 35 40 45 50 55 60

Konuuecteo npobypeHHbix cKBaMmMH

—&— opucrocts —@—HedTeHacbIWEeHHOCTb MecuaHmncrocTs

P u c. 4. 3aBucuMocTH HEONPEIEIEHHOCTH IOPUCTOCTH,
HE(PTEHACBIIIEHHOCTH M MECYaHUCTOCTH OT KOJIMYECTBA MPOOYPEHHBIX
CKBa)XMH
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HaunOonpimas HeONmpeaeslieHHOCTh TOJIydyeHa JUIsl IeCYaHUCTOCTH,
HauUMEHbIIAasgs — JUId HOPUCTOCTH; B pe3yJbTaTe YBEIMYEHUS KOJIUYECTBA
NpoOypEeHHBIX CKBaXUH € 15 10 54 HeompeneneHHOCTh A BCEX
PacCMOTPEHHBIX MapaMeTPOB CHUXKAETCS MPUMEpPHO B 3 pasa, HauOouibliee
CHI)KEHHME JOCTUTHYTO nis mnopucroctd (3,25), HaumeHbllee — JUId
necyaHucTocTH (2,84).

Cnucok Jureparypbl

1. Kmumenko H. B. Onpenenenue ciio>kHOCTH MECTOPOKICHUS JIJIs1 OIEHKH
HayaJIbHBIX Teosjormyeckux 3amacoB (STOIP) B 3aBucumoctu OT
OOCTaHOBKM  OCaJKOHAKOIUICHUS:  Marucrep.  Aucc.  ToMCKHii
MOJIMTEeXHUYECKUit yauusepcurer. Tomck, 2019.

2. KnareimeBa JI. P., Crpemuue E. B., Unbuna M. I'. H3yuenue
HEONPEIECTECHHOCTH  OLEHKH  (DHIBTPAllMOHHO-€MKOCTHBIX  CBOMCTB
KOJUJIEKTOPOB U aHAJIN3 €€ BIUSHUS Ha MOJICYCTHBIC TapaMeTpPhl 3allexkKeit
baneiikunackoro mecropoxaeaus /PROHE®TbD. IlpodeccronanbHo 0
Hedtu. 2018. Ne. 3. C. 24-27.

3. KpacaoB O. C. Teopus ¥ TpaKTHKa BEPOSTHOCTHOW OIICHKH
Te0JIOTUYECKUX PUCKOB U HEONPEIEICHHOCTH MPHU MOATOTOBKE 3alacoB
Hed T U raza //Hedrerazosas reosnorus. Teopus u npaktuka. 2009. T. 4.
Ne. 1. C. 1-6.

4, Mansmme B. B., IIusasckuii b. C., ITuasckuit C. A. Meroa npuHSTHS
pelleHri B yCIOBHUSIX MHOT000pasusi CHOCOO0B ydeTa HeOoIpe1eJICHHOCTH
//N3Bectust Poccuiickoii akagemun HayK. Teopust U CHCTEMBI YIIPaBJICHHUS.
2010. Ne. 1. C. 46-61.

5. CenmoB A. HO. OT OLEHKM T€0JOrMYECKON HEOMPEEIIEHHOCTH K
CTpaTeruu pa3OypuBaHHs ydacTKa (OMBIT MPUMEHEHHs MOAXO0Ja IpH
IlaHupoBaHuM Oypenus Ha 1wiactel AB  1-2 HuBarambsckoro
mectopokaeHus) //I'eonorusi, reopusrka u pazpaboTka HETAHBIX U
ra3oBbeIX Mectopokaenuid. 2014. Ne. 10. C. 50-58.

6. TrokaskunHa O. B., XypasneBa A. A., Eenak T. ®@. ['eHe3uc ¥ TUTOILIOTO-
¢danuanbHble  OCOOEHHOCTH HWIKHEMEJIOBBIX OTJIOKeHUW BocTtouno-
CypryTtckoii Teppacsl / B xkypHaie npencrasiensl Matepuansl. 2012, C.
103.

7. Uepkac E. O., Autonenko /I. A., CraBunckuii I1. B. Onpenenenue puckon
npu OypeHUW CKBAXUH W YYET HEONPEICICHHOCTEH Te0JIOrHYeCKUX
Mojneneit (Ha mpumepe Bankopckoro mecropoxkaenus) //I'eomorust u
pa3paboTka mectopoxaeHuit. 2008. Ne. 3.

8. Snpemmnukosa O. A., Antynun A. E. Kommeke nporpamMm asist OleHKH
3aracoB yIJIEBOJIOPOJOB U TMOJACUYETHBIX MapaMeTpOB B YCIOBUSIX
HeomnpeneneHHocTH  //BectHuk ~ TIOMEHCKOrOo  TOCYJapCTBEHHOTO

=45 -



BecTHMK TBEpPCKOro rocyaapcreeHHoro yHusepcuteta. Cepua «Feorpadua 1 reoskonorna». 2021. Ne 1 (33)

yauBepcuteTa: dusnko-mareMaTudeckoe MonaenupoBanue. Hedts, ras,
sHepreruka. 2018.

9. Berger J. O., Smith L. A. On the statistical formalism of uncertainty
quantification //Annual review of statistics and its application. 2019. T. 6.
C. 433-460.

10. Cover T. M. Elements of information theory. — John Wiley & Sons, 1999.

11. Wellmann, J. Florian, and Klaus Regenauer-Lieb. «Uncertainties Have a
Meaning: Information Entropy as a Quality Measure for 3-D Geological
Models.» Tectonophysics, vol. 526-529, 2012, pp. 207-216.,
doi:10.1016/j.tecto.2011.05.001.

12. Shannon, C. E. «A Mathematical Theory of Communication.» Bell
System Technical Journal, vol. 27, no. 3, 1948, pp. 379-423,
d0i:10.1002/j.1538- 7305.1948.tb01338.x. 100.

13. Uncertainty in Deep Learning. How To Measure? Towards data science:
URL.: https://towardsdatascience.com/my-deep-learning-model-says-
sorry-i-dont-know-the-answer-that-s-absolutely-ok-50ffa562cbOb

UNCERTAINTY ASSESSMENT FOR HYDROCARBON
RESERVES VOLUMETRIC CALCULATION

E.A. Tikhomirova!, K.P. Mishchenko?

1Saint-Petersburg mining university, Saint-Petersburg
2Saint-Petersburg state university, Saint-Petersburg

In the current economic conditions, there is an urgent need for a thorough study
of risks and uncertainties of various nature at the stages of exploration and
development of hydrocarbon deposits. Uncertainties of the parameters used in
reserves calculation are especially important. These include porosity, effective
reservoir thickness, oil saturation, and volumetric ratio. The article discusses
the existing approaches to assessing the uncertainty of the parameters included
in the formula for the volumetric calculation of reserves, and also proposes a
method for quantifying the uncertainty for porosity, net-gross content and oil
saturation, taking into account the density of the grid of drilled wells.
Keywords reserves calculation, uncertainty, hydrocarbon deposits,
petrophysical parameters.
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TUXOMUPOBA EnuszaBera AnexceeBHa — Maructpant MHctutyTa
Hayk o 3emue Cankrt-IlerepOyprckoro rocyaapCTBEHHOTO YHHBEPCUTETA.
Hanpasnenue: Hedreraszosoe neno. Kadenpa pazpaboTku U 3KCITyaTaluu
He(TAHBIX U Ta3oBbIX MecTopoxkaeHuil. (199106, Caunkr-IlerepOypr,
BacwibeBckuii octpoB, 22 nunus 1.7). e-mail: telizabet74@gmail.com.
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