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A. B. Anopees’, O. B. /lypoé’, O. b. Beponux'?3, H. H. llapesa’, JI. A. Kpusuna’

TYKOIJI — Umkenepusie Hasbikn i Komnerenrmu (JITHK),

2MHCTUTYT NpobIeM MaMIMHOCTPOEHHUS — (punran VHCTUTyTa IPUKIAIHON (PU3UKH

uM. A. B. I'anonoa-I"pexoBa PAH, r. Huwxuuit Hosropon,

SHKeropoACKHil roCy1apCTBEHHBIN TEXHUYECKUH yHUBEpCHTET UM. P. E. Anekceesa,

berdnik80@mail.ru

H3yvenue npu4uH gerpajanuu MaTepuaJa Tpyo nedeii naposoro pugopmMunra

B YCJOBHAX IKCTPEMATbHOM dKCITyaTAlMH

B pabome npusedenvi pezyiomamol ucciedosanus peakyuoHHbix mpyo neueil napogozo peghopmunea, noKA3aHwl
U3MeHeHUs, NPOXooawue 8 Mamepuaie 8 MepMOHASPYHCEHHBIX YUACMKAX MpPY6 8 npoyecce sxcniyamayuu. Tpyowvi
U320MOBIIeHbl YEHMPODEHCHBIM TUMbEM U3 8bICOKOLESUPOBAHHO20 CNaasd mop2osoti mapku Manaurit XM, komopas
dosicHa obecneyusams mpedyemvlli pecypc smeesuxos, IKCnyamupyemvix npu memnepamype oo 1000°C, oasnenuu
3,7 MlIla u 8030eticmeuu azpeccusuvix 2a3o8. Ycmanosieno, umo 015 cnaasa mapku Manaurit XM Oaoice
KpamrospemMeHHble 8bICOKOMEMNEPAmypHbule 8030€lCMBUS 8 NPUCYMCIMBUU ASPECCUBHOT CPEObl NPUBOOSIM K
UHMEHCUBHOMY NPOMEKAHUIO KOPPOIUOHHBIX NPOYECCOs, 0ecpadayuis Mamepuand, NPUeoosaueli K nosaeieHuIo
XPYNKOCMU, CHUCEHUIO NIACMUYHOCIU U PACMPECKUBANUIO MAMEPUANA 8 MEPMOHASPYICCHHBIX 30HAX MPYD Yoice
nocie sxcnayamayuu 8 meuenue 61 000 u. CmpykmypHble usMeHeHUs 8 Memaiie peakyuoHHbIX mpyo, npueoosm K
CHUDICEHUIO CAPONPOUHOCIU U NAACMUYHOCIU, NOAGLEHUI0 CKIOHHOCIU K 00pA3068aHUI0 Mpewjut. Imo A61siemcs
NPUYUHOU NPEHCOEEPEMEHHO20 PA3PYUWEHUs MPYD, CHUNCAC PeCcypC BbICOKOMEMNEPAMYPHBIX YCIMAHOBOK U
npUBOOUM K 6016UUM MAMEPUATLHBIM 3AMPAMAM HA PEMOHMHbLE U 60CCMAHOGUMENbHBIE PADOMbL.

KioueBble c10Ba: peakIHOHHBIE TPYOBI, )KapONpOYHbIE CTalld, MUKPOCTPYKTYpa, KapOuaHbIe (a3bl, KOPPO3HIL.

DOI: 10.32935/0023-1169-2024-645-5-4-10

A. V. Andreev', O. V Durov', O. B. Berdnik"*>, I. N. Tsareva’, L. A. Krivina*

'Lukoil — Engineering Skills and Competences (LINK),

Nizhny Novgorod State Technical University named after R. E. Alekseev,

*Institute of Mechanical Engineering Problems — branch of the Institute of Applied Physics named after

A.V. Gaponov-Grekhov RAS (IPM RAS), Nizhny Novgorod

Key Factors of Steam Reforming Furnace Coils Degradation

in Extreme Operation Conditions

The article contains the results of the study of steam reforming furnace coils metallurgy, highlights the changes that
occur with the coils material of the different sections, including the most thermally loaded zones after 32000 hours,
41000 and 61000 hours of run length. The quality parameters of the metallurgy of the coils are fundamental issues
due to the severe operation conditions. The coils are manufactured by centrifugal casting using special high-alloy
steel to withstand extreme temperatures (up to 1000 °C), pressure (3.7 MPa), and aggressive corrosion products. The
core mechanism of the damage of the coils is a combination of thermal impact and tension generated by high internal
pressure. Such combination triggers the creeping deformation, which initially appears either on the inner surface of
the tube or in the body of metal close to the inner wall of the coil. All of the above is the cause of premature failure

(destruction) of the coils, which reduces the turnaround cycle of the furnace and leads to significant costs and lost

profit.



Key words: reaction tubes, heat-resistant steels, microstructure, carbide phases, corrosion.

A. B. Anopeesé’, JI. B. Bywimanoe'?, O. b. Beponux'?’, H. H. I[apeea’

UTYKOWJI — Wnxenepnrie HaBpiku u Komnerennmu (JIMHK), r. Hmwkauit HoBropos

*HKeropoACKHi roCy1apCTBEHHBIN TEXHUUECKUH yHUBEpcHTET UM. P. E. Antekceesa,

SUHCTUTYT mpo6iieM MalIMHOCTPOEHUs — (uran VHCTUTYTa IIPUKIaIHON (BH3UKH

uM. A. B. I'anonoBa-I"pexosa PAH, r. Huwxnuit Hosropon,

berdnik80@mail.ru

HccaenoBanue Bo3aelicTBUS TEPMUYECKOIT 00pPa00TKH HA U3MeHEHHE CTPYKTYPbI U CBOWCTB METALINYECKOT0
MaTepHaJia, MoJy4eHHOr0 MeTO0M CeJJeKTHBHOIO J1a3ePHOro IJIABJIeHHSA

B cmamve npeocmasnensi pe3ynomamol UcC1e008anUa CMPYKMYPbl MAMEPUAA, NOJYHEHHO20 U3 HOPOULIKOBOL
xomnosuyuu mapxu IP-12X18HI10T-10/63, memooom cenexmugnozo razeproeo niasnenus (SLM).

THokazana cmpykmypa u pusuxo-mexanuieckue Xapaxmepucmuky Mamepuand, d maxkice onpeoeneHo eiusHue
memnepamypsl Ha CIMpyKmypy u meepoocms Mamepuaid. YcmanosieHo, 4mo npumeHenue 8biCOKOmMmeMnepamypHou
0bpabomku npuBOOUM K nepecmpouiKe CmpyKkmypb.

KioueBble c10Ba: aJIuTHBHBIC TEXHOJIOTUH, METOJ CEIIEKTUBHOTO JIA3€pHOTO CILIABIICHUS,

METaJUNINYECKUe MMOPOLIKOBEIE CMECH, MEXaHUYECKUE CBOMCTBA, TBEPAOCTb.

DOI: 10.32935/0023-1169-2024-645-5-11-15

A. V. Andreev', D. V. Bushmanov'?, O.B. Berdnik'?>>, I. N. Tsareva®

'Lukoil — Engineering Skills and Competences (LINK),

Nizhny Novgorod State Technical University named after R. E. Alekseev,

*Institute of Mechanical Engineering Problems — branch of the Institute of Applied Physics named after

A.V. Gaponov-Grekhov RAS (IPM RAS), Nizhny Novgorod

Research of the Impact of Heat Treatment on Changes in the Structure

of Metal Material Produced by the Method of Selective Laser Sintering

The article presents the results of a study of the structure of a material obtained from a powder composition

of the PR-12X18H10T-10/63 brand using the selective laser melting (SLM) method. The structure and physical and
mechanical characteristics of the material are shown, and the influence of temperature on the structure and hardness
of the material is determined. It has been shown that the use of high-temperature treatment leads to a restructuring of
the structure.

Key words: additive technologies, selective laser melting method, metal powder mixtures, mechanical properties.

@. M. Cynmanoe™?, C. ®@. Banees’, I0. A. Yckosd®, C. A. Hupckoé®, B. B. Cypxun’®
'AO «MuctuTyT HeTrexummepepaboTKu», I. Y da,

2V puMCcKuii rocyJapCTBEHHbINH He()TIHON TeXHUYECKHI YHUBEPCHUTET,

3 IYKOIJI — Umxenepusie Hasbikn 1 Komnerermu (JINHK),
Yuliya.Uskova@lukoil.com



Onrumu3anus pacxoaa TypOy/au3aTopa B 3MeeBUKH Neyell YCTAHOBKHU

3aMe/IJIeHHOT0 KOKCOBAHHUS

Ilpogeden ananusz enusanus mypoyauzamopa Ha 3¢ghekmuenocmos pabomsl peakyuoHHbIX neyetll

YCMAaHo80K 3amedsieHH020 Kokcosanus. Tlokaszano, 4mo ocHO8HbIMU PaKMOpamu, ONPeOenTIOUUMU ONMUMATLHBITL
pacxoo mypoyauzamopa, AeIAI0MCcs CKOPOCMb XUMUYECKUX NpespaujeHuli npyu memnepamype Hazpesa Cbipbs 6 nevu,
CKOpOCMb NOMOKA U 8peMs NPedbl8aHUs NAPOACUOKOCIHO20 NOMOKA 8 BbILCOKOMEMNePamypHOll

30H€e pAOUAHMHO20 3MeesUKA.

KiroueBble cj10Ba: yCTaHOBKA 3aMEJICHHOTO KOKCOBAaHUSI, PEAKIIMOHHBIE [1€4H, Ty IPOH, TYpOyInu3aTop, CKOPOCTh
MOTOKa, BpeMsl MpeObIBaHUS B 30HE XUMUYECKUX PEAKIH, 10JI1 KOHBEPCHH B IEYH.

DOI: 10.32935/0023-1169-2024-645-5-16-20

F. M. Sultanov'?, S. F. Valeev’, Yu. A. Uskovd’, S. A. Chirskov’, V. V. Surkin®

'JSC Institute of Petrochemical Processing, Ufa,

?Ufa State Petroleum Technical University",

! Lukoil — Engineering Skills and Competences (LINK)

Optimization of Turbulator Flow Rate in the Furnace Coils of the Delayed Coking Unit

The analysis of the impact of turbulator on the efficiency of reaction furnaces of Delayed Coking Units has been
carried out. It is shown that the main factors determining the turbulator optimal flow rate are the rate of chemical
transformations at the feedstock heating temperature in the furnace, the flow rate and the residence time of the
vapor-liquid flow in the high-temperature zone of the radiant coil.

Key words: delayed coking unit, reaction furnaces, short residue, turbulator, flow rate, residence time in the zone of

chemical reactions, the portion of conversion in the furnace.

E. U. Konanuou, B. A. /Iy3un, E. H. /leeuenxo, A. B. I'nyxoe, B. B. Kocakun

JIVKOWJI — Umxenepusie Happiku n Komnerenmuu (JIMHK),

Aleksey.V.Glukhov@lukoil.com

Pa3zpaboTka u npumMeHeHue MoOMIbHOTO npuao:keHuss «KMOBUTEX) s noBbIlIeHUsA ONEPATUBHOCTH 1
TOYHOCTH OLIEHKH MOKa3aTesell TOJMMHOMETPUU CTATHYECKOT0 000py10BaHUA

Paccmampusaemcs npakmuueckuii onvim npumerenus, paspabomanio2o coOCMEEHHbIMU CULAMU, MOOUTLHO2O0
npunooicenuss « MOBUTEX» npu evinonnenuu moayuHomempuy CimeHok 000py008anus u mexHoaI02UYecKux
mpybonposoo0os yCmaHoeKu Hegpmenepepadbamuleaowe2o 3a600d. [liisl OyeHKY MexXHUIecko20 cOCMOAHUS
MEXHUYECKUX YCMPOUCME NPUMEHAEMOE NPUNONCEHUE NPU GbINOTHEHUU HEPAPYULATOU)e20 KOHMPOJIS NO360NAEM
IKCHOPMUPOBAMb PE3YIbMAMbl MOIUWUHOMEMPUU & npocpammHoe obecneyenue PCMS. Pesynomamom npumenenus
npunodicenus « MOBUTEXy asnsiiomcs Koppexmubvle 3HAUeHUus MOoAWUHbL CTHEHOK 000py008aHus 1 mpyoonpoeooos.
KaroueBrble ci10Ba: aBTOMaTH3alMs, TOIIUHOMETPHSI, OLIEHKA TEXHUYECKOT'O COCTOSHMS,

MOOHJIBHOE NPHJIOKEHNE, ONBITHO-IIPOMBIIUIEHHOE UCIIBITAHHUE.

DOI: 10.32935/0023-1169-2024-645-5-21-23



E. I. Kopalidi, V. A. Luzin, E. N. Levchenko, A. V. Glukhov, V. V. Kosyakin

Lukoil — Engineering Skills and Competences (LINK)

Development and Use of MOBITECH Application to Measure the Efficiency

and Accuracy of Measuring Thickness Measurements of Static Equipment

The practical experience of using the Mobitech mobile application when performing thickness measurements of the
walls of equipment and process pipelines at a refinery installation site is considered. To assess the technical condition
of technical devices, the application used when performing non-destructive testing allows you to export thickness
gauging results to PCMS software. The result of using the MOBITECH application is the correct values of the wall
thickness of equipment and pipelines.

Key words: automation, thickness gauging, technical condition assessment, mobile application, pilot testing.

M. P. Ycmanos, /1. B. Havuu, P. /. banawos

JIVKOWJI — Umxeneprsie Hapbiku n Komnerenmuu (JIMHK)

link@lukoil.com

Metoauka MASAK: Pacuersl M aHAIM3 /151 CTPATErHYECKOT0

U OTIePALMOHHOI0 IVIAHUPOBAHMUS

B cmamuve o6ocnosvigaemcs HeobX00UMOCMb CONOCMABUMENbHO20 aHANU3A (beHYMapKUHea) noKasameneu
0151 8bIAGIEHUSL BOZMONCHOCEL OJIsl YIYHUUIEHUs. U NOGblUeHUs 3 ekmugHocmu pabomwl. J[onoiHumenbHo
onucvlaemcs HeoOX0OUMOCMb pazoelienus noKkasamenell Ha 08e Kamezopuu: 3(gexmusHocmu,

a makdice YCMouyuU8oCmu 0esameibHOCmuU, Komopas npuoopemaem 6ce bonvuuee 3HaveHue. Onucausvt L0OX00bl
K 8bl00pY nokazameinet, npoeedenUs Camo20 6eHYMapKunea, a makdice npeoiodceHbl HanpasIeHus
obecneuenus peanuzayuu HoO8OU Memoo0I02UMU.

KioueBbie cj10Ba: cHUCTEMa HETIPEPBIBHBIX yIyUIICHHN, HOBast METOHOJIOTHS OCHUMApKUHTA.

DOI: 10.32935/0023-1169-2024-645-5-24-27

M. R. Usmanov, D. V. Ilyich, R. D. Balashov

Lukoil — Engineering Skills and Competences (LINK)

The MAYAK methodology: Calculations and Analysis

for Strategic and Operational Planning

The article justifies the necessity of comparative analysis (benchmarking) of indicators to identify the strengths and
weaknesses of an organization and its divisions, as well as to define opportunities for development and operational
efficiency improvement. Additionally, the need to divide indicators into two categories is described: activities’
efficiency, as well as sustainability, which in the light of the current geopolitical situation becomes most important.
The article describes approaches to the selection of indicators, benchmarking itself on example of processing assets of
the LUKOIL Group, and also suggests ways to ensure the implementation of new methodology.

Key words: continuous improvement system, new benchmarking methodology.



M. P. Ycmanos, /1. B. Havuu, P. JI. banawos

JIYKOWJI — Umxenepusie Hasikn 1 Kommerenuunu (JIMHK)

link@lukoil.com

[epcnekTHBHI BHEAPEHHA «OH-JIAHH YKOHOMHYECKOT0 KOHCYJIbTAHTA»

IJIsl CHCTEMBI yIIpaBJieHUs He(pTenepepadaTHIBAIOIIUM NMPEINPUITHEM

Hegmenepepabomra ¢ Poccuu cmanxusaemcs ¢ becnpeyedeHmubiMU 8bl3068AMU, CEA3AHHBIMU C HOBbIMU
MexXHOI02UYeCKUMU U ONEPAYUOHHBIMU 3aNPOCAMU, CMPEMUMENbHBIM U3MEHEHUEeM HA PLIHKAX dHep2oHOocUmernell,
go3pacmanuem mpebosanuii K 6€30nacHOCMU U IKOA0SUYHOCHIU NPOU3B0OCEA. B amux ycrosusax kiouesyro pois 8
ycnexe npeonpusimust uepaem 3@gekmusroe u Obicmpoe NPUHSIMUe ONMUMALLHBIX PEULEHUT, KOMOPbLE VHUMbIEAIOM
PasHoobpasHvle ClodCHbIe nepemeltble. B cmambe npedcmasien UHHOBAYUOHHBII NOOX00 K YNPAGIEHUIO
nPOU3800CMBOM, OCHOBAHHLIL HA BHEOPEHUU CUCTEMbL «NAHeNel IKOHOMUHECKOU dPHEeKmusHoCmuy.

KumioueBble ciioBa: dkKoHOMUYEcKas 23 (HEeKTHBHOCTD, YIIPABIICHNE ITPOU3BOICTBOM, CHCTEMAa HETIPEPHIBHBIX
yIIy4IIeHUH, amOopI.

DOI: 10.32935/0023-1169-2024-645-5-28-31

M. R. Usmanov, D. V. Ilyich, R. D. Balashov

Lukoil — Engineering Skills and Competences (LINK)

Transition to Economic Management: Introduction of Online Economic Consultant

into the Refinery Management System

Petroleum refining in Russia is facing unprecedented challenges related to the continuous tightening of sanctions
pressure, rapid changes at energy markets, and increasing of requirements for safety and production environmental
compatibility. In these conditions, the key role in the success of the enterprise is played by the efficient and rapid
optimal decision-making that takes into account a variety of complex variables. The article presents an innovative
approach to the production management based on the introduction of "economic efficiency panels"” system.

Key words: economic efficiency, production management, continuous improvement system, dashboard.
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MeToaMKH MOeIHPOBAHNSA BUPTYAJIbHBIX AHAJIU3ATOPOB KaueCTBa HA OCHOBE MAILIMHHOIO 00y4eHusl.

00630p MeTO10B

Cospemennoe npouzeo0cmeo mpedyem Yay4uleHHbIX CUCTNEM YRPAGAEHUs, KOMOopbie 05l KOHMPOJISL Kauecmea
NPOOYKMOG UCNOAb3YIOM GUPIYANbHbIE AHAAU3AMOpYL. B cmambe paccmompenvl mekyuue nooxoobi U 603MOACHOCIU
npu ROCMPOEHUU BUPTYANbHBIX AHATUZAMOPO8 HA OCHOBE MAUUHHO20 00YUEHUs, UX NPEeUMYWecmea i HedoCmamxKi,
a makdce 0OCHOBHbLE Kpumepuu 8bl00pa Memooos U HOOX00bl K NOCIMPOEHUIO GUPMYAIbHBIX AHATUZAMOPOS 8 YETIOM
KioueBble c10Ba: METObI MOACIMPOBAHMS, BUPTYAIbHBIA aHATU3aTOP, STAIlbl MOJCITUPOBAHUSI.

DOI: 10.32935/0023-1169-2024-645-5-32-36



E. N. Levchenko

Lukoil — Engineering Skills and Competences (LINK)

Methods of Modeling Virtual Quality Analyzers Based on Machine Learning.

Review of Methods

Modern production requires improved control systems that use virtual analyzers to control the products’ quality.
This article discusses current approaches and opportunities in construction of virtual analyzers based on machine
learning, their advantages and disadvantages. Main criteria for selection of methods and approaches to construction
of virtual analyzers in general have been reviewed.

Key words: methods of modeling, virtual analyzer, stages of modeling.
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O0ecnieyeHne AaBTOMATU3ALUM AeSITEJILHOCTH CyllepBaii3epoB HA KAIMTAJbHbIX PEMOHTAaX
Paccmampusaemcs npakmuueckuii onvim pazpadomru GYHKYUOHANA U NPUMEHEHUS CPEOCME AGMOMAMU3AYUU
U nosviuieHus: dhhexmusHocmu pabomol cynepsaizepos Ha nepepadamvi8arOuux NPeOnPUAMUsX

Tpynnor «JIVKOHII» 60 spems nposedenus 0cmanosounvlx KanumanbHulx pemonmos. Mccnedoean cyuwjecmsyiouui
busnec-npoyecc, e2o ciadvle CoOpoHbL U HeOOCHMAMKU, d MAKAHCe ONUCAHbL YUPPOoBble peuieHUs, HanpasieHHble
Ha ux ycmpanernue. Ocoboe enumanue yoeieno 00pabomkam KOMNOHEHMO8 UHPOPMAYUOHHOU CUCTIEMbL
«Mobunvnulii cynepeaiizepy, NO380IUBUM 00e2HUMb NPOYECC KOHMPOISA Ka4ecmed npo8ooUMbIX pabom

60 8peMs OCIMAHOGOUHBIX KANUMANbHBIX PEMOHMOG.

KuiroueBble ciioBa: aBToMaTH3aIMs, OM3HEC-TIPOLIECC, OCTAHOBOYHBIN KalTUTAIbHBII PEMOHT,

MOOHIIBHOE NIPHIIOKEHUE, pa3paboTKa MPOrpaMMHOro 00ecreueHns, CyepBai3uHT, YeK-THCT.
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Ensuring Automation of Supervisors' Activities during Major Repairs

The practical experience of using and developing functionality for automating and improving the efficiency of
supervisors at the refineries of the LUKOIL Group during stop-over overhauls is considered. The existing business
process, its weaknesses and shortcomings are considered, as well as digital solutions aimed at eliminating them are
described. Special attention is paid to the improvements of the components of the information system "Mobile
Supervisor", which made it possible to facilitate the process of quality control of work carried out during stop-over
overhauls.

Key words: automation, business process, stop-over overhaul, mobile application, software development,

supervision, checklist.
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Mogeib KIHEHTCKOI0 MEHEAKMEeHTa KaK (aKkTop noBbieHus 3¢ pekTHBHOCTH

PatoTHI HHKUHUPUHTOBOTO IIEHTPA

Onpedenenvl Karouesvie 3a0auu KIUEHMCKO20 MEHEONCMEHMA 8 UHICUHUPUHSOB0M YEeHPe, OYeHeHa NPUMEHUMOCTb
PA3TUYHBIX MoOenel KIUEHMCKO20 Cepeuca U ux 6IusHue Ha pe3yismamusHoCms UHICUHUpUHea. Paccmompernvl
OCHOBHbIE NPEONOCHLIKU PA3BUMUSL UHHCUHUPUH20BLIX YEHINPOS8 8 KaAUecHae CaMOCMOAMENbHbIX OP2aHU3AYUL U
ynpaegnenyecKkue 0CoOeHHOCMU, Xapakmephoie 08 0aHH020 8uda deamenvhocmu. [Ipoananuzuposansl «y3Kue mecmay
PA3IUYHBIX MOOeel YNPasieHUusi NPOU3800CMEEHHbIM NPOYECCOM, onpedeiienbl (haKkmopwvl 8blO0OPA ONMUMATLHBIX
6APUANMOB PA3GUMUsL KIUEHNCKO20 CEPEUCca 8 KOpnopamugnoll cpede. Ilpeocmasnennas ungopmayus codeprcum
OamnHble KaK U3 OMKPLIMbIX UCTOYHUKO8, 8 TNOM YUCAEe HAYYHBIX U30AHULL, MAK U U3 Onblma pabomol

1140 «JIVKOHT» 6 yenom u OO0 «JIMHK» 6 vacmnocmu.

KawueBble cioBa: s3xoHOMU4ecKas 3 (HeKTUBHOCTD, MHXKUHUPHUHT, KIIMEHTCKHI CEpPBHC,

MEHEPKMEHT, MOZICIIH YTIPaBIICHUS, HHKHHUPHUHTOBBIE LIEHTPHI.
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Customer Management Model as a Factor for Improving

the Engineering Center Performance Efficiency

The goal of this article is to identify the key tasks of the Customer Management in the engineering center, to assess the
applicability of various customer service models as well as their impact on the engineering efficiency. The authors
have considered the main prerequisites for development of engineering centers as independent organizations as well
as management features characteristic for this type of activity. The article analyzes the "bottlenecks" of various
production process management models, identifies the factors for choosing optimal options for development of
customer service in a corporate environment. The information presented herein contains data both from open sources,
including from scientific publications, as well as from the professional experience of PJSC LUKOIL in general and
LINK LLC in particular.

Key words: economic efficiency, engineering, customer service, management, process management, engineering

centers.
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IIporno3 ueTaHoOBbIX YKce] OMOTOIIMB € Y4€eTOM HeHAeaJIbHOCTH cMecei

IIpeonoosicena memoouka npoeHo3a YeMmaHoBbIX YUCel HeUdea bHbIX OUOMONIUBHBIX cMecell, OCHOBAHHAs HA Memode

«CMPYKMYpa—ceoucmeoy ¢ yuemom Ban-oep-Baanvcosvix g3aumodeiicmeuii MoaeKy, 00yCiasiusanuux



HeudeanrbHOCmb. AOOUMuUBHbBLIL 8KIA0 8 YemaHogvle Yucia cmecu paccuumoieancs memooom QSPR. Ilonpasxy

HA HeudeanbHOCMyb NPedioAHCEHO OYEHUBAMb NO IMNUPULECKOU (hopmyie, yuumvlearouel OUnoib-OUnoiIbHOe
83aumooeticmeaue moaexyn. [lpednoscennslii HOOX00 803MONCHO Peanru308amy 6 1aOOPAMOPHOL NPAKMUKE

U 8 NPOU360OCMBEHHOU cUCTeMe A8MOMAMUYECKO20 KOHMPOISA NPoU3600cmea OUOMONIUBA, A MAKJHCe e20 CMecell
€ Y2ne8000POOHbIM OU3ETIbHBIM MONTUBOM.

KiaroueBrble c10Ba: OMOTOILIMBO, IIETAHOBOE YUCII0, Mosienb QSPR, cioxHbie 3dupsi,

MHOTO()aKTOPHBIE PETPECCUOHHBIE MOJIEINH, UIOIBHBIE MOMEHTHI.
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Forecast of Biofuels’ Cetane Numbers Taking into Consideration

the Inaccuracy of Mixtures

A method for predicting the cetane numbers of non-ideal biofuels is proposed, based on the “structure-property”
method, taking into account the Van der Waals interactions of molecules that cause non-ideality. The additive
contribution to the cetane numbers of the mixture was calculated using the QSPR method. It is proposed to evaluate
the correction for nonideality using an empirical law that takes into account the dipole-dipole interaction of
molecules. The proposed approach can be implemented in laboratory practice and in a production system for
automatic control of the production of biofuel, as well as its mixtures with hydrocarbon diesel fuel.

Key words: biofuel, cetane number; QSPR model, esters, multivariate regression models, dipole moments.
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Hcnonb3oBaHue CeMAHTHYECKOT0 AaHAJIN3A TEKCTA HA OCHOBE MAIIMHHOTO 00yYeHUsI VISl YIIPOLIEHUS 1
aBTOMATH3alMHU JOKYMEHT0000poTa

B cmamue npusedenvt memoowl yiayuuienus Kauecmea ceManmuiecko2o NoUCKa U CIMpyKmypu3ayuu
V3KOCneyuanu3uposanHozo mexkcma. Paccmompen konseliep 06pabomxu, 8KII0HAIOWUL AHANU3 A3bIKOBOU MOOENbIO U
pasaudHble cmpamezuu pasdueHus Ha cro8ocodemanust (wanxu, chunks) u opmuposanus sm6e00UH208.
Peszynomamom pabomer cmana npozpamma, no380as0WdAs OCYWecmenams CeManmuieckull HOUCK no KOpnycy
HEOOHOPOOHBIX CREeYUANUSUPOBAHHBIX OOKYMeHmMO8. [Ipednodcena uHHOBayUOHHAA cmpame2us CO30aHUsA
IMOEOOUH208, KOMOPAS NOBbIUAEM NOJHONY PE3YIbMAMO08 ¢ MUHUMALbHbIMU NOMEPAMU MOYHOCMIU, 8bl0€IeHbl
nepcnekmusHble HanpagieHus NPOOBUHYINO020 MEeKCMO8020 AHANU3A.

KioueBble cj10Ba: S3bIKOBBIC MOJICIH, aHAIN3 TeKcTa, chunking, embedding, retrieval.
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Use of Semantic Text Analysis Based on Machine Learning to Simplify and Automate Document Control



The article provides methods for improving the quality of semantic search and structuring of highly specialized text.
The processing pipeline has been considered, including analysis using the language model and various strategies for
breaking into phrases (chunks) and forming of embeddings. The result of the work has become a program that enables
to fulfill semantic search in a corpus of heterogeneous specialized documents. An innovative embedding strategy has
been proposed, which increases the completeness of results with minimal loss of accuracy, and promising areas of
advanced text analysis have been highlighted.

Key words: language models, text analysis, chunking, embedding, retrieval.
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HccnenoBanue napajiieIbHOT0 MPOTEKAHHUS NMPOLECCOB I'HAPOIEXJIOPHPOBAHMS

M THAPO/1ea30THPOBAHMS HA CyIb(HIHBIX HEHAHECEHHBIX KaTaJN3aTOPaxX, CHHTe3NPYyeMbIX in situ

H3yuena kamanumuueckas akmueHOCMb 8 KOHKYPUPYIOWUX npoyeccax suopooexiopuposanus 1,4-ouxiopbensona u
2U0p00ea3omMupo8anUs XUHOIUHA HEHAHECEHHO20 OUCYTbUIA 8ONbPPAMA, NPOMOMUPOBAHHOZO HUKENEM.
Kamanuzamop cunmesuposan in situ 6 peakyuoHnnot cpeoe. Hccredosanue mopgonozuu u (hazo8o2o cocmasa
Kamaauzamopa npoeeoeHo nocpeoCcmeom PeHmeeH08CKOU (POMOINeKMPOHHOU CREKMPOCKONUU U NPOCEeyUsaroujell
INEKMPOHHOU MUKPOCKONUU U YKA3bI8AEH HA HATUYUE HA NOBEPXHOCMU Kamaauzamopa gazvl oucyivsghuoa
sonvhpama, cyrvuoa Hukens, Xxaopuoa Hukeisn u cmewannol ¢aset NiWS. B napannenvuvix npoyeccax
2UOPOOEXTIOPUPOBAHUS U 2UOPOOeA30MUPOBAHU HAOIIOOAEMC sl 3HAYUMENbHAs 0e3aKMU8AYUs KAMAalu3amopa, ymo
NPUBOOUM K CHUdICEHUI0 cmenenu oexnopuposanus 1,4-ouxnopbenszona. [lomeps akmusnocmu kamanuszamopa
0bycnosnena npouHoll aocopoyueli azomcooeprcawux COeOUHeHUll Ha NOEPXHOCMU KAMaiu3amopa, a makice
HAaKONAeHUueM Ha NOBEPXHOCMU KAMAaIu3amopa coel XUHOIUHUL.

KioueBble ciioBa: CyabQuIHBIN KaTaln3aTop, HCHAHECEHHBIN KaTalnnu3aTop, THAPOIEXIOPUPOBaHHUE,

TUAPOACa30TUPOBAHUEC, TIOJIUBUHUIIXJIOPUI.
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Competitive Hydrodechlorination and Hydrodeazotization

on Unsupported Sulfide Catalysts Synthesized In Situ

The catalytic activity of an unsupported nickel-promoted tungsten disulfide catalyst prepared in situ in the reaction
medium was studied in the competitive hydrodechlorination of 1,4-dichlorobenzene and hydrodeazotization of
quinoline. The morphology and phase composition of the catalyst were studied by x-ray photoelectron spectroscopy
and transmission electron microscopy. This study indicated the presence of nickel sulfide, nickel chloride and a mixed
NiWS phase on the surface of the tungsten disulfide catalyst. A considerable decrease in catalyst activity was noted
during the concurrent hydrodechlorination and hydrodeazotization reactions, leading to a decrease in the extent of
hydrodechlorination of 1,4-dichlorobenzene. The loss of catalyst activity was attributed to the strong adsorption of

nitrogen-containing compounds as well as the accumulation of quinolinium salts on the catalyst surface.



Keywords: sulfide catalyst, unsupported catalyst, hydrodechlorination, hydrodeazotization, polyvinyl chloride.
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Impact of the Composition of a Multifunctional Additive Package for Diesel Fuel on Engine Power
Multifunctional fuel additive packages (MFAPs) are critical for the production of modern diesel fuels with improved
performance and environmental characteristics. The most significant property of these packages is the cleaning
ability determined in relation to fuel injectors, but this property does not determine the advantages of using MFAPs,
which are most often formulated by fuel and additive manufacturers as the ability to increase, restore and maintain
engine power at a high level. In this study, an instantaneous and reproducible increase in engine power of 3.9—4.4 %
was recorded when switching to fuel with an additive, regardless of the composition of diesel fuel and diesel engine
design, while the influence of each component of the multifunctional additive on the recorded effect was determined.
An assumption was made about the mechanism of power increase associated with an increase in fuel combustion
efficiency, and not the cleaning mechanism of the additive.

Keywords: diesel fuel, detergent, multifunctional additive, modern fuel, onternal combustion engines, engine power.
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A Lignosulfonate Drilling Reagent Modified with an Additive Derived

from Acrylamide, Formalin and Malic Acid
A study was carried out on the feasibility of obtaining a modified lignosulfonate reagent by dispersing an additive
synthesized using acrylamide, formalin, and malic acid. We determined the optimal component ratios for the
preparation of this modifier and the modified lignosulfonate reagent through mathematical modelling using the
Statistica 12 program package. The composition of the additive to the lignosulfonate drilling reagent was studied by
high-performance liquid chromatography. Analysis of the two-dimensional correlation of the homo- and
heteronuclear spectra, integral intensities in the 1H NMR spectra and the mass spectra of an experimental sample of
the synthesized additive indicated the structure of this compound. Comparative analysis of the surface tension of the
samples studied was carried out by the stalagmometric droplet counting method. The effectiveness of the synthesized
additive and the modified lignosulfonate reagent for improving the parameters of the drilling mud at high temperature

up to 180°C was demonstrated experimentally.



Keywords: acrylamide, malic acid, formalin, sodium lignosulfonate, lignosulfonate reagent, liquid chromatography,

surface tension, drilling mud, filtration index.
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Mathematical Modelling of Polyacrylamide Adsorption Process

The static adsorption of hydrolysed polyacrylamide on quartz sand has been studied as a function of the concentration
of the polymer solution. Two-parametric adsorption models (Langmuir, Freundlich, Temkin) and three-parametric
models (Sips and Redlich—Peterson) were used to describe the data obtained. A three-model isotherm was also
constructed, where each model is applied for a certain range of concentrations, which showed the best convergence
with the experimental data. Among the two- parametric models, the Langmuir model showed the best result. Among
the three- parametric models, the Sips model, which better describes adsorption at high concentrations. The data were
obtained, which can be useful for further study of adsorption processes and development of new technologies in
various industrial fields.

Keywords: polyacrylamide, polymer adsorption, static adsorption, adsorption models, polymer concentration.
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Case Study of Fungal Mycelium/Eicosane Composite as an Energy Storage Additive

for Gypsum Plaster in a Model Experiment

The adsorption of organic phase-change materials (PCMs) on the supporting fibers has been demonstrated as a
versatile and efficient method for developing stable composites with thermoregulatory properties. These composites
are promising as energy saving additives in dry building mixtures. However, developing composite fibers with an
optimal morphology to maximize their content and thermoregulation in the desired material is still a significant
challenge. In this study, we have created stable composite fibers by depositing the organic PCM eicosane on fungal
mycelial biopolymer fibers. The resulting composite has a fibrous structure with a lateral size of 1.5-2 um and a
latent heat capacity of 70 J/g. It was mixed with dry gypsum powder at a weight ratio of 30%. Electron microscopy
analysis showed a uniform distribution of fibers throughout the hardened gypsum layer. The DSC analysis revealed
that the inclusion of the composite to the plaster significantly improved its thermal properties, allowing for the storage
and release of latent heat with heat capacity of 30 J/g. Temperature measurements within the hardened plaster
showed that the presence of thermoregulating fibers slowed down the heating process between 32—38°C and cooling
between 38—35°C, corresponding to the melting and solidification of eicosane in the composite structure. Finally,
model experiments with a testing chamber demonstrated that the accumulation and release of the thermal energy
resulted in the decrease in internal air temperature during the heating cycle and in the increase of internal air

temperature during the cooling cycle, respectively.



Keywords: phase-change materials, eicosane, fungal mycelium, thermoregulating composites, functional materials.
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Thermogravimetric Analysis of Composite Phase-Change Materials

In this work we analyzed the thermogravimetric data on the fiber phase change composites loaded with eicosane or
stearic acid. The consistency of the thermogravimetric data can be checked using the Kolmogorov—Johnson—Mehl—
Avrami equation with a temperature-dependent rate constant. However, the first derivative analysis shows that the
employed equation should be further modified in order to account for the asymmetry of the peaks on the first
derivative of thermogravimetric curves.

Keywords: Kolmogorov—Johnson—Mehl-Avrami equation, Arrhenius equation.
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Research on the Genesis Model of Geothermal Resources

in Thermal Storage

In this paper, the hydrogeochemical analysis method was adopted to test the underground water samples in the
thermal reservoir of the Wumi Mountain Formation in detail, and the genesis pattern of geothermal resources was
analyzed in depth from various perspectives of geological structure, hydrogeology, and geothermal geological
conditions by synthesizing the results of the previous researches. The results show that the geothermal water in the
Wumi Mountain Formation is mainly neutral or weakly alkaline brackish water, and its hydrochemistry is of the
CI-HCOs-Na type. By analyzing the chemical composition of the groundwater, we found that Na* and CI play a
decisive role in the formation of TDS, with an average TDS of 2861 mg/L. In addition, the analysis of trace
components showed that the concentration of Li, Sr, F, HBO: and SiO: in the geothermal water of the Wumi Mountain
Formation is significant, reflecting the strong interaction between the deep groundwater and the rocks. SiO: content is
highly correlated with the temperature, which can be used to estimate the thermal storage temperature. In the analysis
of the genesis model, this study reveals that the geothermal water in the thermal reservoir of the Wumi Mountain
Formation mainly originates from the atmospheric precipitation in the Taihang Mountain area and undergoes
long-distance subsurface transportation through the pre-Taihang Mountain fracture zone. This study provides a new
perspective and theoretical basis for understanding and developing deep geothermal resources in Xiongan New Area.

Keywords: Xiongan New Area, Wumi Mountain Formation, geothermal resources, genesis mode.
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Solution to the Two-Phase Flow in Heterogeneous Porous Media

Based on Physics-Informed Neural Network

Data-driven machine learning models have weak physical interpretability and stability. Physics-Informed Neural
Network (PINN) solves partial differential equations by adding partial differential equations describing physical laws
and their definite solution conditions to the loss function. The physical laws of the reservoir fluids flow are clear.
Aiming at the two-phase Darcy flow problem in the heterogeneous reservoir model, a surrogate model based on PINN
is established, and the model control equation is added to the loss function, so that the model obeys both the training
data and the governing equation constraint. The model proposed in this article calculates the loss function through
the decoupled governing control equation of the implicit pressure explicit saturation method (IMPES), calculates the
residual of the pressure equation based on the finite difference method, and uses the Peaceman well model to
calculate the flow between the reservoir and the wellbore, thus improve continuity between neighboring grids in
heterogeneous reservoirs. The results show that the PINN model agrees well with the calculation results of the
reservoir numerical simulator, is insensitive to the number of observation points, has strong stability, and can be well
used for simulation calculations and history matching.

Keywords: physics-informed neural network, loss function, reservoir numerical simulation, nonlinear partial

differential equation, heterogeneity.
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Microscopic CT Images Based Percolation Characteristics Analysis

on Hot Water Flooding for Offshore Heavy Oil

In this study, CT core samples from oil sands of an LD 5-2 oilfield were prepared to conduct CT scanning experiments
to obtain core pore images, and digital image processing techniques were used for the pore structure modeling of
rock cores. A microscopic numerical model of hot water flooding was established, based on the actual physical
process of hot water flooding, conducting pore-scale hot water throughput to hot water flooding numerical
simulations and analyzing the influence law of water injection rate and temperature on hot water flooding. Through
the quantification of oil and water phase mass fraction and water saturation data, hot water-driven phase infiltration
curves were obtained for different temperatures. The results show limited scope for utilization during the throughput
phase, a ripple coefficient below 0.4, an extraction level below 5%, an improvement of the wave coefficient after
conversion to hot water to more than 0.75, an increase in extraction level by more than 15%, and greatly improved oil
driving efficiency. With increasing injection temperature, the level of extraction was progressively higher throughout

the simulation, but after the injection temperature increased to 110°C, the change in the magnitude of the increase in



the level of extraction in the simulation was smaller. As the rate of water injection increased, the level of extraction
also gradually increased. The highest degree of extraction was achieved at an injection rate of 35 um/s. Increased
water injection temperature favors hot water oil drive, a temperature increase from 80°C to 130°C, an increased
saturation of bound water, a reduced residual oil saturation, and an increased oil and water transportation capacity.
The results of the study provide some references for the design of an offshore heavy oil hot water flooding program.

Keywords: offshore heavy oil reservoirs, hot water flooding, digital core, CT scan, microscopic seepage.
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Preparation of Crosslinked Polymer Microspheres and Evaluation of Oil Repellent Performance

A W/0 microemulsion of AM/H20 Span80/Tween80 kerosene system was prepared with acrylamide (AM) monomer
aqueous solution as dispersion phase, Span80/Tween80 as emulsifier and kerosene as dispersion medium. The
crosslinked polyacrylamide microspheres with nanometer size were prepared by inverse microemulsion
polymerization at 70°C. The microscopic analysis shows that the internal structure of the microsphere is broken
during oil displacement, the water cut decreases and the oil recovery increases. When the amount of crosslinking
agent is 1.3%, the microsphere flooding effect is good. After the microsphere is injected, the water content of the high
permeability pipe decreases by 29.4%, and the o0il recovery of the low permeability pipe increases by 33.8%,
indicating that the microsphere has a good effect of precipitation and oil increase. The injection pressure was low at
the initial stage and then rose to nearly 100 kPa, indicating good injectivity of the microspheres.

Keywords: crosslinked agent, polymer microspheres, oil repellency, permeability, injection volume, microanalysis.
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Development and Performance Evaluation of High Temperature Resistant

Hydrophobically Bonded Polymer Fracturing Fluids

More and more deep, low permeability and high temperature oil and gas reservoirs have been discovered by
exploration, however, there are fewer types of fracturing fluids that can be used for production enhancement and

modification of such reservoirs. Due to their high viscoelasticity, water-soluble hydrophobic polymers have been



widely used as thickeners of working fluids for drilling and oil repulsion, and have also been applied in fracturing, but
their weak temperature resistance limits their applicability to reservoirs, and their high initial viscosity makes them
difficult to be formulated in the field. To address the above problems, this paper successfully prepared a high
temperature resistant thickener PAAQ based on free radical polymerization method, which is used for fracturing and
production enhancement in deep low permeability and high temperature oil and gas reservoirs. The experimental
results show that PAAQ has good thickening, temperature resistance, shear resistance, viscoelasticity and other
properties, and is suitable for fracture acidizing in carbonate formations.The thickening mechanism of PAAQ is the
formation of a three-dimensional network structure by polymer molecular aggregation and chelation of the betaine
side chains with calcium ions.The storage modulus G’ of PAAQ solution is always higher than that of energy
dissipation modulus G”; k<1.0-10° m/minl/2 , R <1.5-10° m/min, Vo <5.-10 m™>*/m’; the settling rate of the ceramic
particles was lower than 0.48 cm/min; when the NaBOs dosage was 0.1%, the viscosity of the fracturing fluid was
reduced to 30 mPa-s at 110 min, which indicated that the fracturing fluid system had good sand-carrying
performance, filtration-loss control ability and gel-breaking performance. This paper provides a theoretical basis for
the synthesis and application of high-temperature resistant polymer fracturing fluids.

Keywords: fracturing fluid, hydrophobic binding thickener, high temperature resistance, thickening mechanism,

performance evaluation.
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Optimization of Heat Recovery System Based on Different Types of Finned Tube Heat Exchangers

In order to enhance the heat recovery efficiency and net energy consumption ratio of the run-around heat recovery
system applied in gas and oil field and other buildings, this study replaces the conventional heat exchangers with
wavy fin tube heat exchangers, slotted fin tube heat exchangers, and fin tube heat exchangers equipped with
longitudinal vortex generators.The coupling simulation model of the run-around heat recovery system is established
using MATLAB and FLUENT. The coupling model is utilized to simulate and calculate the heat recovery rate and net
energy consumption ratio of the heat recovery system with different types of heat exchangers in various seasons, as
well as at different temperatures during winter in a hot summer and cold winter region (Wuhan). The simulation
results demonstrate a significant enhancement in the heat recovery rate and net energy consumption ratio of the heat
recovery system when replacing the conventional heat exchanger with a finned tube heat exchanger incorporating
corrugated fins, slotted fins, and longitudinal vortex generators .Among them, the heat recovery rate of the finned tube
heat exchanger with slits exhibits the highest increase, while the net energy consumption ratio of the finned tube heat
exchanger with longitudinal vortex generator demonstrates the most significant enhancement. The utilization of a
finned tube heat exchanger with a complex structure can enhance the optimization of the run-around heat recovery
system. However, when considering the overall energy consumption reduction capability of the entire system, it is
essential to account for the increased energy consumption associated with its complex structure.

Keywords: run-around heat recovery system, coupling model, finned tube heat exchanger.
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Study on the Formation Mechanism of Fracture Network

in Hydraulic Fracturing of Shale Reservoirs

With the global energy structure transition and increasing demand for environmental protection, shale gas, as an
important unconventional natural gas resource, plays an increasingly important role in China’s energy strategy.
However, the ultra-low permeability of shale gas reservoirs requires reliance on hydraulic fracturing techniques to
enhance production. In this study, we used the Longmaxi Formation shale reservoir in Chuannan, China, to assess the
stress sensitivity of the permeability of rock samples by using transient pressure-pulse permeability tests combined
with aging tests, as well as to analyze the fracture extension behavior by constructing a model of hydraulic fracture
extension within intersecting closed joints. The results show that permeability decreases with increasing pore pressure
at low pore pressure conditions (2-6 MPa), while permeability increases with increasing pore pressure at high pore
pressure conditions (8-24 MPa). Further analysis reveals the expansion behavior of the fracture network within the
intersecting closed joints, where the possibility of forming a complex fracture network is higher at low (0-11°) and
medium (11°-38°) intersection angles, and the cohesion (2 MPa) and tensile strength (2 MPa) of the joints, as well as
lower friction coefficients (0.2) and geostress differentials (0-5 MPa), are favorable for the expanding this range.
When the ground stress difference increases to 5 MPa, the fracture extension pattern reverts to a three-range pattern,
indicating that the increase of the ground stress difference has a significant effect on the fracture extension pattern.
This study provides an important theoretical and experimental basis for understanding the formation of fracture
networks during hydraulic fracturing of shale gas reservoirs, which is of great practical significance for guiding the
efficient development of shale gas in China.

Keywords: shale reservoir, hydraulic fracturing, stress sensitivity, fracture network, intersecting closed joints.
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Identification and Capacity Analysis of Ultra-Deep Carbonate Gas Reservoirs

In this study, reservoir identification and capacity analysis of ultra-deep carbonate gas reservoirs are discussed in
depth, with special focus on the Middle Permian gas reservoirs in West Sichuan area. By systematically analyzing the
reservoir characteristics, tectonic features and their influence on the production capacity in this region, this paper
proposes a set of comprehensive evaluation methods to improve the accuracy of reservoir identification and
production capacity evaluation. The study shows that the reservoirs of the Middle Permian gas reservoirs in the West
Sichuan area have obvious non-homogeneity and multi-scale seam characteristics, with porosity ranging from 0.22%
to 10.8% and permeability ranging from 0.0011 to 56 mD, and their production capacity is affected by a variety of
factors, such as the physical properties of the reservoirs, the degree of fracture development, and the degree of active
water bodies. By analyzing the meter gas recovery index curve, this study successfully identifies different types of
reservoirs, and proposes a capacity evaluation model applicable to carbonate reservoirs based on the pressure drop
dynamic characteristics of dual-media reservoirs. The results show that the equivalent formation coefficient Fe, the
non-homogeneous coefficient ), and the equivalent number of fracture strips Nrare the key factors affecting the
production capacity of gas wells. Among them, the unimpeded flow rate qaor increases with the increase of equivalent
Jformation factor Fe, while the production ratio o. has no obvious correlation with equivalent formation factor Fe. In
addition, the equivalent water intrusion intensity Iwe has a significant effect on the gas well allotment ratio, which
decreases with the increase of water body activity. This study provides theoretical support and technical guidance for
the effective development of ultra-deep carbonate reservoirs, and is of great significance for guiding actual
production, formulating development countermeasures and rationalizing production allocation.

Keywords: Middle Permian, carbonate gas reservoir, reservoir identification, production capacity analysis.
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Comparison of Pore Characteristics and Constraints of Marine-Terrestrial Mud Shale

Based on low temperature nitrogen adsorption experiment, the quantitative characterization of Marine mud shale
from Qiongzhusi formation of the lower Cambrian and Longmaxi formation of the lower Silurian in the Upper Yangzi
Massif and Terrestrial mud shale of chang 9 and chang?7 oil layers in Ordos Basin is finished. The pore
characteristics and influencing factors of shale reservoirs with different sedimentary environments and maturity are

discussed systematically from the aspects of material composition and thermal evolution. The results show that the



brittle mineral content is negatively correlated with the specific surface area and pore volume. The content of clay
minerals is weakly positively correlated with specific surface area and pore volume. TOC content is weakly positively
correlated with pore volume, strongly positively correlated with specific surface area, and not correlated with
average pore diameter. With the increasing of Ro, the average pore diameter decreases, and the decreasing speed
decreases with the increasing of Ro. When Ro is between 0.5% and 2.8%, the specific surface area increases with Ro.
When Ro is between 2.8% and 5%, the specific surface area decreases with the increase of Ro. The pore volume was
negatively correlated with Ro value due to the decrease of pore diameter.

Keywords: marine-terrestrial mud shale, comparison of pore characteristics, TOC, thermal evolution.
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Study on the Fracture Extension Law of Hydraulic Fracturing in Shale Reservoirs

This study aims to deeply investigate the fracture extension law of hydraulic fracturing in shale reservoirs, as well as
the effects of rock mechanical anisotropy and engineering operation parameters on the fracture extension behavior.
Matlab programming combined with the theoretical model of fracture extension was used to establish a computational
model of the stress on the hole wall of a shale isotropic matrix shot hole, and the effects of injection displacement,
horizontal stress difference, elastic modulus and Poisson’s ratio on fracture extension were systematically analyzed
through a series of true triaxial hydraulic fracturing physical simulation experiments. The results show that the
injection completion can significantly reduce the fracture initiation pressure compared with the barehole completion,
especially when the injection azimuth angle is 90°, the fracture initiation pressure reaches the lowest value of 52.3
MPa. The anisotropy of rock mechanics has a significant effect on the fracture initiation pressure, especially when the
horizontal stress difference coefficient is more than (.13, the larger the ratio of Young’s modulus is, the lower the
fracture initiation pressure is, and the larger the value of Poisson’s ratio is when the value of Poisson’s ratio is more
than 0.25, the larger the value of Poisson’s ratio is, the higher the value of Poisson’s ratio is. The larger the value of
Poisson’s ratio is above 0.25, the higher the crack initiation pressure is. The increase of injection displacement from
0.5 mL/min to 5 mL/min increased the crack length from 15.2 cm to 66.3 cm, and the crack extension rate from 0.51
cm/min to 2.21 cm/min, which significantly increased the crack extension rate and length. While the fracture extension
rate decreased from 1.8 cm/min to 0.8 cm/min when the elastic modulus increased from 20 GPa to 60 GPa, the rock
with high elastic modulus formed a smaller plastic zone near the fracture tip, which limited the fracture extension rate
and morphology. This study provides a new theoretical basis for the fracture expansion mechanism of hydraulic
fracturing in shale reservoirs, which is of great significance for optimizing hydraulic fracturing design and improving
the efficiency of shale gas development.

Keywords: shale reservoir, hydraulic fracturing, fracture extension, rock mechanics anisotropy, physical simulation
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A Preview of the Subsea Christmas Tree Installation Procedure

In the process of deep-water gas field development, the deep-water production system plays a key role, and the
deep-water production system has been widely used in the development of the world’s offshore gas fields. In this
paper, the author uses the X gas field as an example to introduce the subsea christmas tree installation procedure and
the reliability of subsea tree production stage by using fault tree analysis (FTA). The installation procedure of the
subsea christmas tree is divided into three steps: preparatory work before going in; pulling out the retracted part of
the protective leg; using the tree running tool (LTRT) to install the subsea christmas tree. In this paper, the author
introduces the installation procedure of subsea christmas tree detailedly, which is important in ensuring the
independent and efficient development of offshore gas fields. According to the FTA analysis of throttle module,
wellhead connector module and tubing hanger module, the average failure probability of subsea christmas tree
production stage is 25.82 times every 106 hours, and the average failure interval is 4.42 years.

Keywords: offshore gas field, subsea christmas tree, installation procedures, tree run tool (LTRT).
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Analysis of Reservoir Damage Mechanism and Prevention Measures

for Deep Carbonate Gas Reservoir with High Sulfur Content

The carbonate rock is composed of dolomite, calcite, microcrystalline chert, goethite, calcium sulfate, and
pyrobitumen. The porous medium of the carbonate reservoir displays significant variations in water saturation at
notably low levels. The high-risk nature of the reservoir is primarily characterized by elevated temperature and
pressure conditions, stress levels, abundant presence of H2S and CO: gases, intense anisotropy, as well as fractures
development and mineral sensitivity. This type of reservoir is highly susceptible to damage caused by leakage induced
by factors such as water flow rate, salt content, alkalinity level, and stress conditions. Furthermore, it may lead to
catastrophic accidents. Drawing from a comprehensive mineral description and analysis of reservoir rock sensitivity,
this study elucidates the specific mechanisms accountable for formation damage in carbonate formations. These
damages stem primarily from the interactions between sensitive minerals and alkaline working fluids or acidic gases,
such as H2S and CO:. Elevated concentrations of these gases can disrupt the natural occurrence and microstructure
of minerals, leading to particle movement and plugging within the formation’s flow matrix, consequently impacting
overall reservoir productivity. To address this challenge, diverse prevention and control strategies have been
proposed to mitigate such damage during drilling operations, well killing procedures, and reservoir renovation
activities. These strategies are tailored to consider the distinctive characteristics of carbonate formations, particularly
their susceptibility to alkaline or acidic fluids with an aim to minimize disruption of the formation’s inherent
mineralogy and microstructure. The findings presented not only contribute significantly towards controlling formation
damage in highly H>S-rich carbonate reservoirs but also establish a robust theoretical foundation for studying and

applying development technologies in gas reservoirs characterized by high concentrations of H2S. By comprehending



the specific mechanisms underlying formation damage, researchers and engineers can devise more effective strategies
for preventing and managing such issues, ultimately enhancing gas reservoir productivity and longevity.

Keywords: carbonate rock, oil and gas reservoir, high Sulphur, formation damage, sulfur deposition.
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Current Situation and Existing Problems of Horizontal Well Fracturing Technology

Horizontal wells offer numerous advantages in the petroleum industry, making them a focal point for research and
practice. These wells have a large drainage area, high well output, extensive penetration, high reserve utilization, and
the ability to avoid obstacles and challenging environmental conditions. However, in low permeability oil and gas
reservoirs, horizontal wells face challenges such as poor connectivity and seepage resistance which hinder production
from meeting economic development requirements. To address these challenges, domestic and international fracturing
designs for horizontal wells have been developed. Staged fracturing technology for horizontal wells has also been
implemented to improve production efficiency. Despite these advancements, there are still main issues present in
horizontal well fracturing that need to be addressed This paper aims to provide insights into the various techniques
used in fracturing horizontal wells both domestically and internationally. By addressing the challenges encountered in
horizontal well fracturing and proposing potential solutions, this paper can serve as a valuable reference for similar
reservoir developments. It is crucial for the petroleum industry to continue researching and advancing current
technologies to optimize the productivity of horizontal wells in order to effectively meet economic development
demands.

Keywords: horizontal well, fracturing, stage fracturing, status quo, low permeability reservoir.
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Oil Displacement Efficiency of High-Power Water Flooding Displacement

Core Experiment and Transformation Method of Reservoir Scale in Different Well Patterns

In this paper, mechanism for enhancing oil displacement efficiency by high-power water flooding displacement from
pore-throat scale were studied by high-power water flooding and nuclear magnetic resonance (NMR) experiments.
Transformation method from core scale to reservoir scale was established by high-power water flooding displacement
law of core experiment and seepage characteristics in different well patterns. The results indicated that there is a
logarithmic function between oil displacement efficiency and displacement multiple in the process of high-power

water flooding. After water flooding 2000 times pore volume, the relaxation time peak region was moved right and



enlarged, the short relaxation time signal intensity peak was decreased, the average pore-throat radius was increased,
and the ratio of pore radius to throat radius was decreased, so cluster-like residual oil, stuck-like residual oil, and
island-like residual oil could be mobilized. After high-power water flooding, core wettability changed from
weak-lipophilic to weak-hydrophilic active, so film-like residual oil could be mobilized. And oil displacement
efficiency computing model of reservoir scale for inverted nine-spot well pattern, line well pattern, and five-spot well
pattern was established. Oil displacement efficiency of reservoir scale increases with the increase of injection volume
and decreases with the increase of well spacing. Oil displacement efficiency of reservoir scale in line well pattern and
five-spot well pattern is higher than that in inverted nine-spot well pattern with the same injection volume and well
spacing. In 2008, an inter-well infill scheme was implemented in Bohai S oil field, well pattern was adjusted from an
inverted nine-spot to a line well pattern. By the end of 2020, the displacement multiple of the whole reservoir
increased from 0.21 to 1.28, oil displacement efficiency of the reservoir scale increased from 38.9% to 47%, with an
increase of 8.1%, which is 3.5% higher than the continued maintain the development of the inverted nine-spot well
pattern. The results of the study are of great significance in guiding the actual development of the oil field.
Keywords: high-power waterflooding, core displacement experiment, NMR test, water flooding efficiency, reservoir
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Durability of Polypropylene Films in the Aspect of Petrochemical Product Safety

for Packaging Materials Design

Petrochemical products face challenges under extreme conditions like high temperatures, UV radiation, and humidity,
which accelerate the aging of polypropylene (PP) films and degrade their mechanical properties. This increases the
risk of material failure, potentially leading to petrochemical leaks and posing ecological and safety hazards. This
study focuses on the aging behavior of PP films, aiming to understand how environmental factors contribute to their
degradation and exploring design solutions that can mitigate these risks and improve material durability.
Thermogravimetric analysis and differential scanning calorimetry were employed to analyze the thermal stability of
PP films under high-temperature conditions. The results show that the mass loss of modified PP materials was less
than 10% at 500°C, while the decomposition temperature of multilayer composite PP materials was significantly
higher than that of traditional single-layer PP materials. Furthermore, dynamic mechanical analysis (DMA) and
impact tests were conducted to assess the brittleness of PP films in low-temperature environments. It was found that
the impact strength of single-layer PP materials decreased by 75% at -100°C, whereas the modified PP materials
maintained relatively stable impact performance. Hygrothermal aging and UV aging tests demonstrated that the
tensile strength of multilayer composite PP materials decreased by only 16.3% after 1000 h of aging, and the increase

in surface roughness was controlled within 0.78 um, significantly outperforming single-layer materials. In the



moisture and permeability tests, the water vapor transmission rate (WVTR) of the composite PP sealing structure was
0.18 g/m’-day, and the oxygen transmission rate (OTR) was 3.5 cm®/m’-day, showing superior performance compared
to other sealing structures. By optimizing the material structure design and introducing composite sealing technology,
this study significantly enhances the overall performance of PP packaging materials under extreme conditions,
providing reliable protection for the safe storage and transportation of petrochemical products.

Keywords: polypropylene films, packaging materials, weather resistance, multilayer composite materials, sealing
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Study on CO: Injection Enhanced oil Recovery Method

and Buried Mechanism in Low Permeability Gas reservoir

In order to improve the effect of COz injection in low-permeability gas reservoir for enhanced oil recovery and buried
technology, taking a sample well as an example, the experiment of CO: injection for gas displacement was carried
out. In the study, numerical simulation method was used to optimize the gas drive scheme, water drive scheme, total
CO: injection volume, injection timing, well soak system, the effect of diffusion on CO: drive and adsorption
conditions, so as to enhance CQO: injection for enhanced oil recovery in low-permeability gas reservoir. The
simulation results show that CO: rich industrial waste gas injection can improve the recovery of shale gas to a certain
extent, and the gas injection volume has an impact on the recovery of shale gas and the relative adsorption capacity of
waste gas. Although the recovery of shale gas has been improved to a certain extent, the ratio of adsorbed gas to total
injected gas will be reduced. Therefore, the optimal injection volume is determined to be 80000 m*/day, and 0.440PV
is determined as the optimal time for reinjection. The maximum recovery of shale gas can be achieved by soaking the
well in January at 1.408PV for different soaking time and duration. Under different diffusion coefficients, gas
reservoir production and CO: storage have certain effects, and adsorption has little effect on CO: injection EOR.
However, with adsorption, the EOR effect of CO: injection is 0.7% higher than that without adsorption. In terms of
sequestration, CO:z breakthrough time is later when considering adsorption, indicating that more CO: is left in the
Jformation, which increases the stability of CO: sequestration. The simulation results show that adsorption increases
the CO: sequestration by 17.8%, about 0.7-10%, indicating that adsorption is conducive to CO: sequestration.
Keywords: low permeability gas reservoir, CO:, recovery rate, burial mechanism, gas drive scheme, water drive
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Discontinuity Stability Analysis for Carbon Dioxide Enhanced Oil Recovery

Carbon dioxide (CO2) enhanced oil recovery (EOR) is considered to be an effective measure to increase oil
productivity by injecting CO: into reservoirs. Nevertheless, the injection of CO2 can potentially induce instability in
discontinuities such as faults and fractures within the reservoir, influencing the safety and efficiency of the operation.
Qualitative analysis of fault stability was implemented in the integrated process of CO2-EOR, by integrating fluid
dynamics models, in-situ stress conditions and rock mechanics parameters. The results show that there is a pressure
decreasing region around the oil producer, and CO: injection has a prominent influence on reservoir pressure
maintenance. The reservoir pressure and liquid flow of oil producer is slightly higher from the beginning of CO:
injection. The minimum effective normal stress and the maximum slip tolerance of the faults are aligned with the axis
between the CO: injector and the oil producer. The fault friction angle is the primary factor in discontinuity stability
analysis, influencing the slip rate and mode during CO2-EOR. The larger the friction angle, the fewer faults are in the
critical slip state. Fault stability analysis is a complete assessment, indicating that a fault may remain stable even if
certain parts reach a critical state.

Keywords: CO: EOR, fault stability, enhanced oil recovery, gas injection, oil production.
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Improving Technology of Vacuum Distillation of Petroleum Products

The article reviews the main directions of development of vacuum units at oil refining plants. The indicators that are
being subjected to updating because of growing quality requirements of the feedstock for production of fuel-lubricant
materials are determined. Several types of vacuum creating system used at oil refineries and their merits and demerits
are presented. The methods for separating wide vacuum distillates into narrower ones are analyzed. An improved
fractionation scheme that ensures reliability of the process and less energy consumption is described.

Keywords: vacuum column, hydroejector vacuum creating system, residual fuel oil, residual pressure.
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Updating Vacuum Creating Systems

The article analyses the operation of the existing vacuum creating systems. The dependencies between the attainable

degrees of vacuum on the chosen refrigerants and devices are presented. Solutions for updating existing vacuum



creating systems are offered. A comparative analysis was made of vacuum creating systems of various oil refineries
where different degrees of vacuum are attained due to differences in the adopted technical measures.
Keywords: vacuum column, hydroejector vacuum creating system, residual pressure, working fluid, “dry”

distillation.
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Improving Efficiency of Equipment of Two-Stage Vacuum Creating Systems

The article examines the distinctive features of operation of a two-stage hydroejector vacuum creating system and
describes the process scheme. The dependencies of the yield of the components of the gas-vapor mixture from the
working fluid of the second stage and the heat consumption of the two stages on the temperature were analyzed and
the optimal conditions for the process were determined. Schemes of separators with replenishment are given. The
influence of the location of the replenishment point on the separation efficiency was analyzed and the disadvantages
of the existing two-stage vacuum creating systems were identified. Technical solutions are presented to improve the
efficiency of the main equipment of the two-stage vacuum creating systems. The advantages are well-founded and
sketches of the developed structures are presented.

Keywords: gas-liquid mixture, hydroejector vacuum creating system, residual pressure, replenishment, working fluid.



	1-2
	Contents

	Содержание 100

