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COBEPILIEHCTBOBAHMUE ITOCTPOEHUSA TPEXMEPHBIX

T'EOJIOI'MYECKHUX MOJEJIEH HE®TAHBIX MECTOPOXXIEHUN CJTOXKHOI'O
CTPOEHUA

© MaxmyTtoB Anima3 AkcanoBu4, lllaopun Hukura Baaauciaasosuy,
Mansipenko Anuna MuxaiisnosHa, XaankoB Ainbsmup HanseBuu
OI'BOY BO «VYdpumckuii rocy1apcTBEHHbIA HE(DTAHON TEXHUUYECKUN YHUBEPCUTETY,
r. Ya, Poccuiickas ®@enepanus
© MyxyrauHoB Bagum KacsimoBuu
OI'bOY BO VY dumckuii yHUBEpCUTET HAYKH U TEXHOJIOT U,
r.Yda, Poccuiickas @enepanus

AHHOTanus. B CBA3M C yBelnMUEHUEM JOJIU MECTOPOXKICHUN, HAXOIALIMXCS HA MOCIEAHEN
CTaguu pa3pabOTKH, MOSBIIAETCS HEOOXOJUMOCTb B pPa3pabOTKE METOAMK IO JIOKaIU3alUu
OCTaTOYHBIX 3allacoB HE(PTH U aJAPECHOMY MOAOOpPY TreoJOro-TEXHHUECKUX MeponpusTuil. s
peuieHusl TaHHOM 3a7a4d CTPOSATCA JAECTAIBHBIE I€0JIOrO-TUAPOJUHAMAYECKHE MOJEIN C Yy4ETOM
Pa3NUYHBIX T'€0JIOrO-TEXHOJIOTUYECKUX (akTOpoB. B naHHOW cTaTbe NpeACTaBIEHbI IOIXOJIbI
WCIIOJIb30BAaHUsl paHee pa3padOTaHHBIX METOAMK M CIIOCOOOB IMOBBIIIEHUS TOYHOCTH MOCTPOEHUS
CTPYKTYPHBIX KapT, JIOCTOBEpPHOCTH ompeseneHus BogoHegTssHoro kontakta (BHK) B HakmoHHBIX
CKBa)KMHAX, MOCTPOECHMSI Ky0a MPOHUIIAEMOCTH U HE()TEHACBIIIIEHHOCTH C YYETOM HEOJIHOPOAHOCTH
IUTACTOB MO  (PMIBTPAIMOHHO-€MKOCTHBIM ~ CBOMcTBaM. /[l  MOBBIIIEHHS JOCTOBEPHOCTH
CTPYKTYpPHBIX MoOCTpoeHuid u omnpenenenus ypoBHs BHK mnpumenena pannee paszpaboTaHHas
KOMIUIEKCHAsI METO/IMKA, BKIIIOYAOIAsi BBE/IEHUE MONPABOK HA a0COITIOTHBIE OTMETKU HAKJIOHHBIX
ckBaxxud 1 BHK. B pe3ynpTaTe npumMeHeHUs JTaHHON METOIUKH y1aJ0Ch IOBBICUTH IOCTOBEPHOCTH
CTPYKTYPHOM MOJENH IJIacTa, a Takke 30H HepTeHOCHOCTH B cBs3M ¢ yrouHeHuem BHK. Jlns
YTOYHEHUS TEOJIOTHYECKOro CTpOeHHs U 0Oojiee  JOCTOBEPHOIO MOJEIUpPOBaHMsS KyOOB
(GUIBTPALlMOHHO-EMKOCTHBIX CBOMCTB MPUMEHSIINCH paHee pa3paboTaHHbIe METOIUKH, OCHOBAHHBIE
Ha pacu€re koddduiMeHTa MpoHUIIaeMoCTH Ha ocHOBe mapamerpa Flow Zone Indicator (FZI), a

Teonozus. H3zeecmus Omoenenusn nayk o 3emnue u npupoonvix pecypcos | Geology.
Proceedings of the Department of Earth Sciences and Natural Resources, 2023, No 1 (30)
62


mailto:masagutovr@mail.ru

TaKke pacu€t kodddurmenTa HeTEHACHIIIIEHHOCTH C UCTIOIh30BaHUEM Ky0a BBICOTHI HAaJl YPOBHEM
«3epkana cBoOonmHOW Boab». Ha mnpumepe HedTsHOro MectopoxaeHus Bonro-Ypambckoi
He(TEra30HOCHOM INPOBHUHIMH, XapaKTEPU3YIOLIETOoCs CIIOKHBIM TI'€0JIOTHYECKMM CTPOEHUEM U
HAXOJALIETOCS Ha TMO3IHEH CTaauu pa3pabOTKH, MPOBEACHA OICHKA PACHpPEACNCHUS OCTATOYHBIX
U3BJICKAEMbIX 3allacOB HE(PTH M MpPEUIOKEHbl AJAPECHBIE I'€OJIOr0-TEXHUUYECKHE MEpPONPUSATHS,
MO3BOJIMBIIME JOOBITH JOMONHHUTENbHO 2463 T Hedru. OP(PEeKTUBHOCTH NPEATOKEHHBIX
MEpONpUATHH OLEHUBAJach IO XapakTepucTukam BbITecHeHUs Ca3oHoBa. Takum o00pa3oM,
pa3paboTaHHAass METOAMKA TO3BOJSIET TIOBBICUTH JIOCTOBEPHOCTH TIOCTPOCHHBIX T'€0JOro-
TMJIPOAMHAMHYECKUX MOJIeNIeH, YTO TO03BOJISIET MOAOUpPATh aJpecHble TIe0JIOr0-TeXHUYECKHE
MEPOIPUSTHSL.

KiroueBble c¢JjioBa: Treojoruveckas MOJENb, THIPOJUHAMHYECKAas MOJAENb, KyO
MIPOHUIIAEMOCTH, KyO HE(PTEHACHIIICHHOCTH, BOJOHE(TSIHOW KOHTAKT, HAKJIOHHAs CKBaXHHA,
re0JIOTUUECKOE MEPONIPUITHE, XapAKTEPUCTUKA BITECHEHHUS.

IMPROVING METHODS OF THREE-DIMENSIONAL GEOLOGICAL MODELS OF
OIL FIELDS WITH COMPLEX STRUCTURE
© Makhmutov Almaz Aksanovich, Malyarenko Alina Mikhailovna,
Shabrin Nikita Vladislavovich

Federal State Budgetary Educational Institution of Higher Education "Ufa State Petroleum
Technological University", Ufa, Russian Federation

© Mukhutdinov Vadim Kasymovich
Federal State Budgetary Educational Institution of Higher Education " Ufa University of Science and
Technology ", Ufa, Russian Federation

Summary. It is necessary to develop methods for localizing residual oil reserves and targeted
selection of production enhancement operations, because of increase proportion of last stage of
development fields. To solve this problem, detailed geological and hydrodynamic models are built
taking into account various geological and technological factors. This article presents approaches to
using previously developed methods and methods to improve the accuracy of constructing structural
maps, the reliability of determining the water-oil contact (OWC) in deviated wells, constructing a
cube of permeability and oil saturation, taking into account the heterogeneity of reservoirs in terms
of reservoir properties. An earlier developed complex technique was applied to increase the reliability
of structural constructions and determine the level of water contact including the introduction of
corrections for the absolute elevations of deviated wells and water contact. As a result of applying
this technique, it was possible to increase the reliability of the structural model of the reservoir and
the oil-bearing zones in connection with the refinement of the OWC. Previously developed methods
were used to improve the geological structure and more reliable modeling of reservoir properties
cubes, based on the calculation of the permeability coefficient based on the Flow Zone Indicator (FZI)
parameter and the calculation of the oil saturation coefficient using the cube of height above the “free
water level”. On example of an oil field in the Volga-Urals oil and gas province, which is
characterized by a complex geological structure and late stage of development, an assessment was
made of the distribution of residual recoverable oil reserves and targeted production enhancement
operations were proposed that made it possible to produce an additional 2,463 tons of oil. The
effectiveness of the proposed measures was evaluated by the characteristics of Sazonov's
displacement. Thus, the developed technique makes it possible to increase the reliability of the
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constructed geological and hydrodynamic models, which makes it possible to select targeted
geological and technical measures.

Key words: geological model, hydrodynamic model, cube of permeability, cube of oil saturation, oil-
water contact, inclined well, geological event, displacement characteristic.

BBenenue. B HacTosimee BpeMs OOJBITMHCTBO HEPTSIHBIX M He(PTETra30BBIX
MECTOPOXKACHUM pa3pabaTbiBaeTCs JUIMTEIbHOE BpEMs U HAXOJATCA Ha MO3IHEH
cTaauu pa3zpaborku. Kak n3BecTHO, IEepexo/1 Ha 3aBEpIIAIONIYI0 CTAAUI0 pa3paboTKu
3a4acTyl0 COMPOBOXKIACTCS YXY/IIIEHUEM CTPYKTYpPbl OCTaTOYHBIX 3aracoB HehTu. B
pe3yibTaTe 4Yero, 3HAYUTENbHO CHUXKAIOTCA 3(P(EKTUBHOCTh TEKYIIEH CHUCTEMBI
pa3pabOTKH M TEXHOJIOTMYECKUE TTOKA3aTen padOThl JOOBIBAIOIINX CKBAKHH.

AKTYaJbHOCTB. B CBs3U ¢ 3TUM 0COOYI0 aKTyaJIbHOCTh IPUOOPETAIOT HAYYHO-
MIpaKTUYECKHE padOThl, HAIIPABJICHHBIEC HA JJOKAIN3aLMI0 OCTATOYHBIX 3al1acOB HEPTH
¢ nociaenyomuM dopmupoBanreM 3G HEKTUBHOMN MPOrpaMMBbl T'€OJIOT0-TEXHUUECKUX
meponpustuii (I'TM). Beinenenne u jmokanmu3aiyds OCTaTOYHBIX 3amacoB HE(TH, B
HacTOsIIeEe  BpeMs, [POBOJMTHCA HAa  OCHOBE  TPEXMEPHOIO  IEOJIOro-
ruapoanHamudeckoro mojaenupoBanus (I'TJM) ¢ netanbHbIM  ydeToM BceX
OCOOCHHOCTEM Te0JOTHYEeCKOro CTPOCHHMS M MPUYMH HM3MEHEHUST B JUHAMHKE
TEXHOJIOTUYECKHX MOKa3zaresield pa3paboTKH MPOAYKTHUBHBIX Iu1acTos [1, 2, 3].

B [naHHOM cTaThbe NPEACTABICHBI HEKOTOPbIE OCOOEHHOCTH MOCTPOCHHS
tpexmepHoil ITJIM HePpTIHOrO MECTOPOKAECHUS CIOKHOTO TI'€OJOTHYECKOIrO
CTPOCHHS C YYETOM METOJIMK, OIMMCAaHHbBIX B paborax [4, 5, 6,7, 8,9, 10, 11, 12, 13].

OCHOBHBIM 3TallOM TPEXMEPHOTO MOJCIUPOBAHUS SIBISIETCSI KOPPEKTHOE
MOCTPOEHUE CTPYKTYPHBIX KapT MPOyKTUBHBIX IIJIACTOB U IOCTOBEPHOE 0OOCHOBAHUE
nonoxeHust BogoneptsiHoro kontakra (BHK). OcHoBHbIE npo0OsieMbl, CBA3aHHBIE C
obocHoBanueM ypoBHsi BHK cBoasiTees k cienyromemy [3, 4, 5, 6, 14]:

— HEJOCTaTOYHbIA YpPOBEHb JOCTOBEPHOCTHM JIAHHBIX 3aMEPOB KPHUBU3HBI

CKBa)KUHBI;

— «ckaukooOpa3Hoe nudmeHnenue yposHst BHK no ckBaxunam» B npejenax oJHON
3QJIEKH.

3ayacTyro Takue MpoOJieMbl XapaKTepHbI IS OOBEKTOB, HAXOMSIIUXCS B
JUIMTEJIbHOM OJKCIUTyaTallud W OOJBIIMM  KOJIMYECTBOM MpoOypeHHoro ¢oHaa
HaKJIOHHO-HAMPABJICHHBIX U TOPU3OHTAIBHBIX CKBAKHH.

CornacnHo pabotam [3, 4, 5, 6, 14], s obecriedeHUs] COOTBETCTBHS HAKIIOHHBIX
CKBOXHWH NpuHATOMY ypoBHIO BHK u BbIpaBHMBaHWIO CTPYKTYpPHOM NOBEPXHOCTHU
CKBaXXMH, KOTOpbIE MO XapakTepy HACHIIIEHUS BCKPBITHIX MPOIUIACTKOB HE
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COTJIACYIOTCSl C COCEIHHMM CKBA)KMHAMU, MPOWU3BOAUTCA BBEACHUE MOINPABOK Ha
abcommoTHbIe oTMETKH (AQO).

B pabotax [4, 5, 6] paspaboTaHa KOMIUIEKCHAas METOJMKA BBEICHUS MTOTIPABOK
Ha AO HaknoHHbIX ckBaxkWH U BHK, KoTopas ocHOBaHa Ha ClIEIyHOUIMX OCHOBHBIX
MOJIOKEHUSIX U TOMYIICHUSX:

—onpeaeneHrue AO 1Mo MHKIMHOMETPUU IPOU3BOIUTCS C HEKOTOPOU MOTPEIIHOCTHIO;
— poOypeHHbIN (HOH MECTOPOXKICHUS PA3ICISETCs HA ABE TPYIIIIbI:
— YCIOBHO-BEpTHUKaJbHbIE (JUI1 JAHHBIX CKBa)XUH morpaBka Ha AO He
BBOJIUTCS);
— HaKJIOHHbIE (BKJIIOYasi TOPU30HTANIbHbIE) (BBEIeHUE TIoNIpaBKku Ha AO
IPOBOJUTCS C YYETOM JOBEPUTEIBHOTO MHTEPBAJA, KOTOPAs paBHA
yZBOEHHOM norpemHoct usmepenus AO).

JlaHHasT KOMIUIEKCHass METOAMKA BBEICHMS IONpaBoK Ha AQ HAKIOHHBIX
ckBaxxnH 1 BHK Taxke nmpenycmarpuBaer onpenesieHue Kak BO3MOKHBIX ITOITPABOK
M0 CTPYKTYpE, C YUETOM COCEJHUX CKBAXKHUH, TAK W JOMYCTUMBIX monpaBok no BHK
[4, 5].

Taxk, npu u3yueHun o0bEKTa UCCIEIOBaHUS BbISIBICHO, 4TO oBepxHOocTh BHK
UMEET CIIOKHYIO CTPYKTYpY, KOTOpas HE COOTBETCTBYET TI'OPU30HTAIBHOU
noBepxHOCTH. [10 HaKJIOHHBIM CKBa)KMHAM HabJro1aeTcs 6obinoe oTkioHeHne BHK
OT NpuHATOTO 3HaYeHus (10 +10-+15 m) (pucynku la u 10).

B pesynbraTe HMCHONB30BaHMS KOMIUIEKCHOW METOJWKH, MPEIJIOKECHHON B
paborax [4, 5, 6], onpeaeneHbl Kak BO3MOXHBIE MOMPABKHU MO CTPYKTYpPE 3a€raHus ¢
YYETOM COCEHUX CKBAKUH, TaK U JomyctuMble nonpasku no BHK (tabnuua 1). lanee
HAa OCHOBE [aHHBIX pacyeToB II0 PAacCMaTPpUBA€MOM CKBaXMHE IIPUHATA
OKOHUaTeNbHas TmonpaBka Ha AQO, paBHas 7,8 M (Tabnuma 2, pucynku 1B u 1r). B
pe3yibTaTe INPUMEHEHHsS KOMIUIEKCHOW METOJMKM BBEIEHUs NomnpaBok Ha AQO
yZ1aJoCh MOBBICUTH JIOCTOBEPHOCTh MOCTPOEHUS CTPYKTYPHBIX KapT U 00OCHOBAHUS
IpaHull HEPTEHOCHOCTH MyTEM CO3JaHUsI HOBOM CKOPPEKTUPOBAHHOM MCXOIHOM 0a3bl
JTAHHBIX.
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Puc. 1. HpI/IMeHCHI/IC KOMIIJIEKCHOM MCTOOWKH BBCACHUS ITOIIPABOK HA AOQO HaKJIOHHBIX CKBa)KMH U BOI[OHe(l)THHOFO KOHTaKTa

Tabmuna 1 — KommiekcHoe onpezenenue nonpaBok Ha AO HaKJIOHHON CKBaKHHbI

CTraTUCTHYECKH JOIMYCTUMBIC IIOIIPaBKU

Heo6xommere monpasku no BHK

Bo3moxxHbIe TONpaBKy 1O

CTPYKTYpe

Jlnamnazon
[TonomBa ITorpemnoctu z BO3MOXKHBIX
£ TOIBHKEK
o % =
E ﬁé g
= ) = = 2
o — = <
s3] = < = 2 g 9 2
< = < o = ] o = = o
) = S = N2 [ = & @ = s o
& - > = g /\ < o
@) a g ) (B) (A) 5 T s % 26 | 30 2 = o] ] = <
5| & 5 - 3 = | §E| 2 2 = 5 5 <
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=l < | & ¢ | 3 ed| B | 0 = = ¥ | £ | £ 2
8 2 < g 8 | © T & Z °
= —~ 5 = Lg < m g = =
: HE 2 2
= = ° g <
£
X | 30 [ 297.21 | 1787.4 | 1439.7 | 50.49 | 1787.4 | 1736.9 | 13.651 | 14.151 | 3.75 | 1.79 | 415| 8.3 | 125 | -1497.2 | -1499.3 | -1489.4 | -9.9 | -7.8 | -1448.7 | -1447.0 -1.7
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Tabmuma 2 — [IpuHaTue okoHuaTenpbHOM nmonpaBku Ha AO

<

Heob6xoaumeie nmompasku mo BHK %
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YuuTeiBasi, 4TO pacupeaesiCHUe U JOKaIU3alusl OCTaTOYHBIX H3BJICKAEMbIX
3aIacoB BO MHOTOM 3aBUCUT OT JOCTOBEPHOTO ompeneneHus: Ko3pduuueHTta
IIPOHUIIAEMOCTH, TO NpPU MOCTpoeHUU TpexmepHou ['T/IM Takke MCIOJIB30BaHbI
I0JTXOJTBI, TIPEJIOKEHHBIE B padoTax [7, 8, 10, 11, 12, 15, 16, 17].

BreisiBneHo, 4to B pe3yibTaTe INEpeHOCAa CKBAXUHHBIX JIaHHBIX Ha
TPEXMEPHYIO CeTKy He BO Bcex siueirikax Blocked Wells (BW) 3aBucumocts Mex ity
Kod(hpuIeHTaMu TPOHUIIAEMOCTH M TIOPUCTOCTH K;; COOTBETCTBYET pe3yJibTaTaM
nabopaTopHbIX uccieqoBanuil kepHa (pucyHok 2a). Cormacuo [8, 10], «manHoe
pacxoXJeHUE CBA3aHO C TeM, 4YTO B pe3yinbrate ocpennennss PUITMC nHa
TPEXMEPHYIO CETKYy O00pa3yloTcs pa3juYHbleé IO OJHOPOJHOCTH SUYCHKI.
CrnenoBaTenbHO, IS JIOCTOBEPHOT'O MOJICIMPOBAHUS KyOa MPOHUIIAEMOCTH
HEOOXOJMMO YYMUTHIBATh JAHHYIO HEOJHOPOTHOCTH SY€eK TpexmepHou ceTtku. K
TOMYy e, TpU JeTaJbHOM W3YYCHUU T'€OJIOTHYECKOr0 CTPOCHHS OOBEKTa
WCCJIEIOBAHMS YCTAHOBJIEHO, YTO B pa3pe3e MPOAYKTHUBHBIX IJIACTOB HA OCHOBE
napamerpa Flow Zone Indicator (FZI) BO3MOXHO BBIACIHUTH YETBHIPE YCIOBHBIC
IPYIIbl KOJUIEKTOPOB CO CXOXKHMH XapaKTEPUCTUKAMU TMOPOBOTO MPOCTPAHCTBA
(pucyHok 20, Tabmuma 3) [11]. TIpu sTOM Kakaas yciioBHas rpyInia KOJUIEKTOPOB
XapakTepu3yeTcsi COOCTBEHHON KOPPEJSIIMOHHON 3aBUCUMOCTBIO KOA() (PUIIUEHTOB
MIPOHUIIAEMOCTH U TIOPUCTOCTH K, (pucyHok 2B). Ky0 mpoHuiiaeMocTu CTpOUIICs ¢
YYETOM CJIO)KHOTO T'€OJIOTUYECKOTO CTPOEHHSI M HEOJHOPOJHOCTH CKBAXKHMHHBIX
JJAHHBIX B TPEXMEPHBIX SYEMKaX HA OCHOBE MPOCTPAHCTBEHHOI'O pacrpeicieHus
KaXXJI0M M3 BBIJICJIICHHBIX TPYII KOJUJIEKTOPOB U OLEHKU CPEAHEN MPOHUIIAEMOCTH
MJIacTa Kak CPEJHEB3BEIICHHOE 3HAYEHHUE IO TOJIIMHE KoJuiekTopa. st 3Ttoro
HCTOJIb30BaHbl KOpPpPEAIMOHHbIE 3aBUCUMOCTH FZ| u reonorndeckux CBOMCTB,
KOTOpbIE OMPENENSIOTCS B CKBOXHHE HEMPEPHIBHO (Hampumep, abCOTOTHAs U
OTHOCUTEIbHAs TIIMHUCTOCTH N0 NaHHbM ['MC) (pucyHok 2r).
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Puc. 2. llpumeHeHre METOANKNA MOJISTUPOBAHUS KyOa MPOHUIIAEMOCTH C Y4€TOM HEOTHOPOIHOCTHU 1acToB 1o GEC
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Ta6nuna 3 — OcHoBHble PEC pa3IMyHbIX TPYII KOJJIEKTOPOB

I'pynna Ku, n.ex. Kup, 10 Mxm? MinFZI, mxm MaxFZI, mxm
1 0.165 40.6 0.451 2.958
2 0.186 222.7 3.308 5.986
3 0.193 706.2 6.131 8.993
4 0.221 1157.5 9.154 11.693
O6’B€KT HCCIICAOBaHNA, TaAKXKEC XApPAKTCPU3YCTCA HCBBIICPKAHHOCTD

(GUIBTPAITMOHHO-eMKOCTHBIX CBOMCTB (PEC) W HEOMHOPOTHOCTHIO CTPYKTYPHI
MIOPOBOTO  MPOCTPAHCTBA TMPOAYKTUBHBIX IactoB. Jlusg ydera JaHHOUN
XapaKTePUCTHKH MPU MOJICIUPOBAHUH KyOa He(DTeHACHIIIEHHOCTH K, UCTIOJIb30BaH
MOAXO0/, KOTOPBIA TMpeACTaBiIeH B pabore [9] W ommchIBaeTCS CICTYIONTIM
ITOPUTMOM (C YYETOM BBIICJICHHUS PA3TUYHBIX TPYII KOJUIEKTOPOB HA OCHOBE
napametpa FZI):

1. Ormenka OCTAaTOYHOH BOJOHACBHIIIICHHOCTH MIPOU3BOIUTCS C
ucnois3oBanueM 0a3sl PUT'MC no cnenytoieit popmyire:
K,=1-K,.

2. Bremonnsercs noctpoeHue Kyba BHICOTHI H s9eeK MOJETH HaJ yPOBHEM
«3epkajna CcBOOOJIHON BOJbI». s u3ydyaeMoro oObEKTa MPUHSTO, YTO YPOBEHb
«3epkaja CBOOOAHOW BOJbD» HAXOJIUTCA HAa PACCTOSHUU 2+4 METpPOB HHXKE
oTHocHuTeNnbHO ypoBHs BHK.

3. Bromonusercs MIOCTPOCHUE Ky0a He(TEHACBIIEHHOCTH C
ucnosnb3zoBanueM 6a3pl PUT'MC. [Ipyn HE0OX0IUMOCTH TOMOJHUTEIHEHO BO3MOKHO
UCIIOJIb30BAaHUE HEKOTOPOTO TPEHAOBOro Kyba HedTe(BOJ0)HACKHIIIEHHOCTH,
IIOJIyYEHHOTO Ha OCHOBE KOPPEJBSIUOHHBIX 3aBUCUMOCTENd OCHOBHBIX DOEC
IIJIACTOB.

4. BemonHseTcs OIIPELICIIEHUE KOPPEALIMOHHON 3aBUCUMOCTHU
kod(pdunrenTa BogoHackleHHOCTH K, (11.1) oT BbicoThl H (11.2). YuuThiBas, uto B
npenaesiax u3y4aeMoro 00ObeKTa BbIJIEJIEHO YETHIPE YCIOBHBIE IPYMIbI KOJIEKTOPOB
(Tabnuia 3), TO I KaXJIOW M3 ITUX TPYNNbl ObLIa OmpelesieHa COOCTBEHHAs
KOPPEJSLIMOHHAs 3aBUCUMOCTD KO3(pPUIMeHTa BOAOHACHIIIEHHOCTH K OT BHICOTHI
H (pucynok 3a):

—rpymma 1 — K, = 0.6746 x H™%143;

—rpymmna 2 — K, = 0.6091 x H~%230;

—rpynna 3 — K, = 0.4227 x H™%279;

—rpynna 4 — K, = 0.2568 x H~ %422,

5. Tloctpoenue okoHUaTeIbHOro KyOa HedTeHachleHHOCTH K, (PUCYHOK
30) ¢ ucCnonb30BaHUEM 3aBUCUMOCTEN Kod(uimeHTa BogoHACHIIIEHHOCTH K, OT
BBICOTHI H, mosry4eHHbIX B 11.4.
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Takum 00pa3om, B pe3yibTaTe UCIIOJIb30BaHUS paHee pa3paboTaHHbIX MOIX0I0B
noctpoeHa tpexmepHas [TJIM. Ha ocHoBe maHHOM TpexmepHOM Mojaenu Oblia
MpOBEJCHA OLIEHKA M JIOKAJIM3AIMsl OCTATOYHBIX HM3BJIEKAEMBIX 3amacoB HepTu u
c(hOpMHUPOBAHBI aIPECHBIE PEKOMEHIAIMH 10 MOBBIIEHHUIO 3(h()EKTUBHOCTH TEKYIICH
cucteMbl paspadotku [1, 18, 19, 20, 21]. /lanHble peKOMEHIAIIMN BKJIIOYAIA B CE0s
npoBenenue Takux ['TM, xak ruapasaudeckuii paspeiB miacta (I'PIT) u ob6pabotka
npu3zadoitnoit 30Hb1 (OI13). B pe3ynbrare anpoOanuu mpeaioKeHHbIX pEeKOMEH 1Al

ObLTM TpoBenieHbl cooTBeTcTBYIOMME [ 'TM B Tpex ckBakuHax (Tabnuia 4).

Tabsuua 4 — Pesynbratel nposeaenus ['TM

Ne ckB. Aara I'T™ PesyabTar
NpOBeIeHUsI
XX1 XX.01.20XX OII3 I'PIT VYeneurso
XX2 | XX.01.20XX OII3 I'PIT Venemo
IpUOOIIEHKE T1acTa
XX3 XX.03.20XX OII3 I'PIT VYeneurso

Ha pucynke 4 npezacraBieHbl okazareau padoThl CKBaKUH 10 U nocie ['TM.
Kak BHIHO HU3 @NAaHHOTO pHUCYHKA, B pPE3yJbTare IPOBEIACHUS IIPEIJIOKEHHBIX
pekoMmenaanuii mo ckBakuHaM NeNe XX1, XX2 u XX3 nHabirogaeTcs MOBBIIIECHUE
JeOUTOB KUIKOCTU U HEPTH.

Hcrnonb3oBaHue XapakTEepUCTUK BbITeCHEHUS (Ca30HOBAa IOKa3alo, 4TO
TexHoJiornueckass 3((PEeKTUBHOCTh MpHU MpoBeAeHUM mpensokeHHbix ['TM 3a 4

MecsieB coctapmiia 2 463 T HedTu (PUCYHOK 5).
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Takum o0Opa3oM, MPUMEHEHNE BBIIEITPUBEAECHHBIX MOAXO0B MPU MOCTPOECHUU
tpexmepHoit ['T'JIM no3BossieT MOBBICUTH JIOCTOBEPHOCTD JTOKAJIU3ALNU OCTATOYHBIX
3armacoB He()TH Ha MO3MHEH cTaauu pa3paboTKU U CIOCOOCTBYET (OPMHUPOBAHHUIO
aJIpeCHBIX PEKOMEHAAIMNA MO YBETUYECHUI0 S()(YEKTUBHOCTH TEKYIIEH CHUCTEMBI
pa3paboTKH.

QDunancuposanue’. paboma noodepicana Munucmepcmeom HayKu U 8blCULECO
oopazosanus Poccutickoti @edepayuu no coenawenuro Ne 075-15-2022-297 6 pamkax
npoepammsl pazeumusi HIIMY.
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