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A. A. Ilymunuyes, A. B. 3yiikoe

PI'Y nedtn u raza (HUY) umenu U. M. ['yOkuna

putinczew2012@yandex.ru

KomiuiekcHbIe MeTOIbI MOBBINIEHUS PEKYNEPANNH TeIJIa HA YCTAHOBKAX

aTMoc(epHO-BaAKYYMHOMH IEPErOHKHU He(pTH

B pabome npedcmaenen 6cecmoporuuil AHAAU3 COBPEMEHHBIX U NEPCHEKMUBHBIX TNEXHOL02UL NOBGLIUUECHUS

Ccmenenu pekynepayuu menia Ha YCmaHoeKax ammoc@eprHo-6aKyyMHOU Nepe2onKu Hegpmu. JlemanbHo paccmompervl
npuHyunsl oeticmeus, obracmu 3HHeKmusHo20 NPUMEHEHUS, 0PAHUYECHUSL, MEXHUKO-IKOHOMUYECKUE NOKA3AMeNU U
npobiemvl BHeOPeHUsL CAOVIOWUX MeMO008: 2TYOOKAs ONMUMUZAYUSL MENT00OMEHHbIX cemell Ha 0CHOBe NUHY-
aHanu3da, nPUMeHeHUue KOHOeHCamopo8-ucnapumenei 8 peKmu@UKAyUOHHbIX KOJOHHAX, YMUAU3AYUsL Menid
OMX00AWUX ObLMOBLIX 2A308 Neyell, UHmMmezpayus Mmenio8blX HACOCO8 PA3IULHBIX MUNO8 U UCHOIb308AHUE MENT0BbIX
akkymyasmopos. Ocoboe Humanue yoeneno Cunepeemuieckomy sQgexmy om Komburnayuu

Memo0oo08 U HeoOX0OUMOCMU CUCMEMHO20 HO0X00d NPU NPOEKMUPOBSAHUL U MOOEPHUZAYUU YCIMAHOBOK
ammocgepno-eaxyymHou nepe2onxu Hepmu. Ilpusedennvl pacueminvie OYeHKU NOMEHYUALA IHEP2OCOEPEICEHU

U dKOHOMUHECKOU 3P PexmusHocmu.

KiioueBble cj10Ba: yCTaHOBKA aTMOC(EPHO-BAKyyYMHOM MIEPErOHKH HEDTH, PeKyTiepalus Tea,
sHeprodGHeKTHBHOCTD, MHHY-aHAN3, TEIIIO0OMEHHAS CETh, YTIIIM3AITUS THIMOBBIX T'a30B, TEILIOBOW HACOC,
HU3KOITOTEHI[MAJIBHOE TEILIO.

DOI: 10.32935/0023-1169-2026-653-1-3-7

A. A. Putinstev, A. V. Zuykov.

Gubkin University

Comprehensive Methods for Enhancing Heat Recovery

in Crude Oil Atmospheric-Vacuum Distillation Units

This article presents a comprehensive analysis of modern and emerging technologies for improving the degree of heat
recovery in atmospheric-vacuum distillation units. It details the operating principles, effective application areas,
limitations, techno-economic indicators, and implementation challenges of the following methods: comprehensive
optimization of Heat Exchanger Networks based on pinch analysis, application of condenser-evaporators in
fractionation columns, utilization of waste heat from furnace flue gases, integration of various types of heat pumps,
and the use of thermal energy storage systems. Particular attention is paid to the synergistic effects of combining
methods and the necessity of a systems approach in designing and modernizing atmospheric-vacuum distillation units.
Calculated estimates of energy-saving potential and economic efficiency are provided.

Key words: atmospheric-vacuum distillation unit, heat recovery, energy efficiency, pinch analysis,

heat exchanger network, flue gas heat recovery, low-grade heat.

/. P. Kanaywun, A. B. Ocmpoyxos, b. Il. Tymanan
PI'Y vedrn u raza (HUY) nmenu U. M. 'yOkuHa

danya.kalaushin@mail.ru



IpuMeHeHHEe KOHUENIIUH KYMHOTO 3aBOIa» /Il JOCTHKEHHSI ONTHMAJIbHOI NMepepadoTKu

Cs-ppakuuii ¢ yCTAHOBOK KATAJIMTHYECKOI0 KPEeKUHIa

B pabome npeocmasnen cucmemmblil GHAIU3 POaU U NPAKMULECKO20 NPUMEHEHUS. COBPEMEHHBIX CUCTEM
ynpagnenus — om 6a306020 ypoeus (IIH/]-pecynuposanue) 0o unmenrexmyanvHolx pewenuil (Advance Process
Control, Real-Time Optimization, yugposvie 060lUHUKU) — 6 OOCMUNCEHUU ONMUMATILHOU PAOOMbL YCMAHOBOK NO
nepepabomre C4-¢ppaxyuii. [loxazano, ymo KirouegublM Haxmopom dhhexmusHocmu A6IAemcst He MOAbKO 6b100p
MEXHONIO2UU, HO U CNOCOOHOCHb CUCEMbL YPABGIEHUS A0ANMUPOBAMbCSL K USMEHYUBOMY COCMABY CbIPbS,
KOMREHCUPO8amy BO3HUKAIOUjUE BO3MYUEHUsL U 06eCneuusams mo4Hoe coOI00eHUe ONMUMATLHBIX PEHCUMHBIX
napamempos 6 peanvHom gpemeru. Q60CHOBbIBACMCS HEOOXO0OUMOCTb NEPEX00d OM JOKAIbHO20 CIAOUIUIUPYIOULe20
VAPABNEHUsL K UHMESPUPOBAHHBIM AOANMUBHBIM CUCMEMAM, CHOCOOHBIM PEalu306amb KOHYENYUIO «YMHO20 3A600ay.
KiwueBbie cnoBa: Cs-(hpakius, KaTATHTHYECKUIA KPEKHHT, OyTaH-OyTHUIIeHOBAast (PaKIUs, CHCTEMBI YIIPABICHUS,
Advance Process Control, Real-Time Optimization, ontumusarus, nudpoBoii ABoiHNK, HedTenepepaboTKa.

DOI: 10.32935/0023-1169-2026-653-1-8-13

D. R. Kalaushin, A. V. Ostroukhov, B. P. Tumanyan.

Gubkin University

Some Features of Optimal Processing Cs-Fractions

from Catalyting Cracking Units in Terms of Application the “Smart Plant” Concept

The article provides a systematic analysis of the role and practical application of modern control systems — from the
basic level (PID regulation) to smart solutions (Advance Process Control (APC), Real-Time Optimization (RTO),
digital twins) — in achieving optimal operation of Cs-fraction processing plants. It is shown that the key factor of
efficiency is not only the choice of technology, but also the ability of the control system to adapt to the changing
composition of feed, compensate for emerging disturbances and ensure accurate compliance with optimal operating
parameters in real time. The necessity of transition from local stabilizing control to integrated adaptive systems
capable of realizing the concept of a ""smart refinery".

Key words: C4-fraction, catalytic cracking, butane-butylene fraction, management systems,

Advance Process Control, Real-Time Optimization, optimization, digital twins, refinery.

U. P. Bezupoes, Y. P. Bezupoes, 3. I. Tenawes, P. P. Be3upos, P. H. Canaxos

Y dumcknii rocy 1apcTBeHHBINH HEPTAHONW TEXHUYECKUH YHUBEPCHTET,

ivezirov@yandex.ru

IlepcnieKTHBHBIE KOHCTPYKIMM CTPYHHBIX allIapaTOB BAKYYMCO31AI0LIUX CUCTEM

B cmamuve paccmompen cospemennbulii yposeHb pa3gumus 2a306biX U H#HUOKOCMHbIX CMPYUHbIX annapamos. Ilokasana
NPUHYUNUATILHASL CXeMAd COBPEMEHHO20 MHO20CONI08020 NAP0B020 cmpyliHoeo annapama. Ob6ocHo8a b,
IKOHOMUHECKAS YenecO0OPA3ZHOCIb U CPOK OKYRAEMOCMU COBPEMEHHBIX NAPOBLIX 8AKYYMCO30AIOUUX CUCTIEM,
UCTIONIL3VIOWUX NAP HU3K020 0asieHUs 6 Kayecmee paboueti cpedvl. Onucana cxema HCUOKOCMHO20 CIMPYUHO20
annapama yco8epuieHCme08aHHON KORCMPYKYuu, obecneuusarouieli Mernvilee cuOpOOUHAMULECKOe CONPOmuUsieHue U

CHUDICEHUEe DHEP203ampam, a Maxice POPCYHKU ¢ YEHMPOOEICHIM PACNBLIOM 643KO0U paboueli scuoxkocmu. [oxazana



HeobX00UMOCMb NPUMEHEHUS GHYMPEHHUX 6CMPAUBAEMbIX (DULLIMPYIOWUX JNEMEHMO8 8 CIPYUHbIX annapamax,
NOKA3aHa uUx Haubojiee HA0eHCHAs KOHCMPYKYUAL.
KuroueBble ¢j10Ba: BAKyyMCO3/JAI0IIasi CUCTEMA, CTPYIHBIN alapar, HaChIIEHHbIN IIap HU3KOTO JaBJICHUS,

Bs3Kas pa60qa;1 KHUIKOCTD, I.IeHTpO66)KHBII>i pacibll, 3aluTa OT BanHSHCHHﬁ.

DOI: 10.32935/0023-1169-2026-653-1-14-18

I. R. Vezirov, U. R. Vezirov, E. G. Telyashev, R. R. Vezirov, R. N. Salahov.

Ufa State Petroleum Technical University

Promising Designs of Jet Devices for Vacuum-Creating Systems

The article considers the current level of development of gas and liquid jet devices. A schematic diagram of a modern
multi-layer steam jet apparatus is shown. The economic feasibility and payback period of modern steam
vacuum-generating systems using low-pressure steam as a working medium are substantiated. The scheme of a liquid
jet device of an improved design, providing lower hydrodynamic resistance and reduced energy consumption, as well
as nozzles with a centrifugal spray of viscous working fluid, is described. The necessity of using internal embedded
filter elements in inkjet devices is proved, and their most reliable design is shown.

Key words: vacuum-generating system, jet unit, saturated low-pressure steam, viscous working fluid,

centrifugal spray, protection against contamination.

B. A. Bazapun, B. B. Ilagnenko, H. H. Kucaenko

00O «T"a3npoM NPOEKTUPOBAHUEY

nkislenko@proektirovanie.gazprom.ru

MexaHu3m pacueTa MEMOPAHHOTO ra3opasie/ieHus JJisl MPOEeKTHPOBAHUSA

M IKCILTYaTAIlNA MeMOPaHHBIX YCTAHOBOK

B nacmosuyee spems gvisenenvi HanpasgneHus UCNOIb308AHUL MEMOPAHHOU MEXHOA02UY 01 U3GTIEYEHUSs YeNeEblX
KOMNOHEHMO8 NPUpPOOHO20 2d3d, 8 MOM YucCe, 2elusl, OUOKCUOA Yeaepood, 8000p00d, ceposodopood u op.
CosmecmHto ¢ npoUALHLIMU UHCIMUMYMAMU U KOMIAHUAMU NPOBOOSINCS UCCIe006aHUS, HANPAGIeHHble HA
CHUDICEHUE COOEPHCAHUS A30ma 6 oObleaeMom 2aze. Pazpabomka npoexkmog ykazanHvix YCMAanoBoK, a makice
HAX0O0AUWUXCSA HA CIAOUL UCCTE)08AHUL HEBO3MONCHA De3 CO30AHUSL MAMEMAMUYECKO20 annapama 01s paspadomiu
CXeMHbIX peuleHUli U pacyema MamepuaibHO-KOMINOHEHMHBIX OANAHCO8 N0 6Cell MeXHOI02U1eCcKol yenouke. B dannoii
pabome Ha npumepe cO30aHUA YCMAHOBKU MEMOPAHHO20 8blOeNeHUs 2e1Ue8020 KOHYEHMPAma NOKA3AHbl OCHOBHbIE
NPUHYUNBL PA3PAOOMKU MAMEMAMUYECKOU MOOEU, UCNONb3YeMOl KK Ha CMaou NPOeKMupo8anus, max u
MOHUMOPUHEA paDOMbl MEMOPAHHBIX 2A30PA30eNUMENbHBIX YCIMAHOBOK.

KiroueBble ciioBa: membpansl, 2azopasoenenue, MamemMamuieckas Mo0elb, OHUCMKA NPUPOOHO20 2d3a,

ycmaHoeKka M€M6paHH020 gblOeNeHUsl 2eNUe6020 KOHYeHnmpama, yCmaHoBKa O4YUCnmiKu 2casa om ouokcuoa yeﬂepoda.

DOI: 10.32935/0023-1169-2026-653-1-19-23

V. A. Vagarin, V. V. Pavlenko, N. N. Kislenko.

Gazprom Proektirovanie LLC



Calculation Mechanism for Membrane Gas Separation

for the Design and Operation of Membrane Plants

Currently, areas of membrane technology use have been identified for extracting such target components of natural
gas as helium, carbon dioxide, hydrogen, hydrogen sulfide, etc. Research aimed at reducing the nitrogen content in
the produced gas is being conducted jointly with specialized institutes and companies. The development of projects for
these units, as well as those at the research stage, is impossible without creating a mathematical apparatus for
developing circuit solutions and calculating material-component balances (MCB) along the entire process chain. In
this article, using the example of the creation of the UMVGK, the main principles of developing a mathematical model
used both at the design stage and in monitoring the operation of membrane gas separation units are shown.

Key words: membranes, gas separation, mathematical model, natural gas purification,

membrane helium concentrate separation unit, carbon dioxide gas purification unit.

B. U. Jlemupoé*, E. M. Busicanxoé?, C. H. Bonzun?, B. A. Mumsazun?

Ynpasnenne paketHoro Tormea u roprouero JlenapramMmenTa pecypcHoro obecreuenus Muno6oponsl Poccun,
2 DAY «25 TocHUU xummoTonorun Muno6oporsr Poccum

25gosniithim@mil.ru

MoaupuuupoBaHHbIH MeTO/I OLIEHKH BbICOKOTEMIIEPATYPHOH CTa0MJIBHOCTH OXJIAMKAAI0LIMX
HU3K03aMep3a0LIuX KHIKOCTei

Paspaboman memoo ucnvimanus 0XnaxncOAOUUX HUSKOZAMEPIAIOUUX HCUOKOCTELL C YelbI0 OnpedeieHus
cmabunvrocmu 8 ycnosusax evicoxkux (0o 150°C) memnepamyp. [lo pesyrvmamam ucnvlimaruli mogapHsix
0XAACOAIOWUX HUZKOZAMEP3AIOWUX HCUOKOCTE YCIMAHOBLEHO, YO Heop2aHuiecKue UHUOUmMopsl KOppo3uu
Xapakmepusyomcs HU3Kol uzuieckoll cmaduIbHOCMbIO 8 OMAUYUE OM OP2AHULECKUX UHSUOUMOPO8 KOPPO3UlU HA
0CHOGe cozell WeN0YHbIX MeMmanilos KapooHO8bIX (OUKAPOOHOBLIX) KUCTIOM.

KioueBble cl10Ba: OXJIKAAIONIAS HU3KO3aMeP3arolasl )KHJIKOCTh, BRICOKOTEMIIeEpaTypHas cTaOWIbHOCTB,

WHTUOUTOPBI KOPPO3HH, TUKApOOHOBAsI KUCIIOTA.

DOI: 10.32935/0023-1169-2026-653-1-24-27

V. 1. Demirov}, E. M. Vizhankov?, S. N. Volgin?, V. A. Mityagin?.

! Department of Rocket Fuel and Fuel of Resource Support, Ministry of Defence of the Russian Federation,

2 Federal Autonomous Enterprise "The 25th State Research Institute of Chemmotology, Ministry of Defence of the
Russian Federation™

Modified Method for Assessing the High-Temperature Stability of Low-Freezing Coolants

A test method for low-freezing coolants has been developed to determine their stability at high temperatures (up to
150°C). Testing of commercial low-freezing coolants revealed that inorganic corrosion inhibitors are characterized by
low physical stability, unlike organic corrosion inhibitors based on alkali metal salts of carboxylic (dicarboxylic) acids.

Key words: low-freezing coolant, high-temperature stability, corrosion inhibitors, dicarboxylic acid.



JI. C. Knumoe'?, A. H. /[po3ooe***

MucruryT npobnem HedTH U raza Poccuiickoil akageMuy Hayk,

2PoccuiicKuii YHUBEPCHTET APy kOBl HapoaoB MMeHH Ilarpuca JIymyMOEI,

SPI'Y nedru v raza (HUY) umenu U. M. I'yOkuna,

*Poccuiickuii ToCy1apCTBEHHBIN I€0I0ropa3Be04HbIi yHuBepcuTeT nMeHn Cepro OpIKOHUKUI3E
klimov_ds@ipng.ru

AHaJau3 IPOU3BOACTBEHHBIX 3aTPaT TexHoJorui ynasiauBanus CO2 Ha 00bEKTAX MPOMBIIIJIEHHOTO H
IHEPIreTHYECKOr0 KOMILIEKca

TlepcnekmugHvim Hanpasnenuem MUHUMUIAYUU Y2AePOOHO20 Clledd npedcmasisaemcs ONMmumMu3ayus
IKCNILYAMAYUOHHBIX XAPAKMEPUCUK NPOMBIULIEHHBIX U IHEP2EMUUECKUX 00beKMOo8 NapalelibHo ¢ 6HeOpeHUeM
nepeoosbix MEXHOI02UN CEKBECPAayUU U YMUIU3ayuu OUoKcuoa yenepooa. B pamxax oannoeo ucciedosanus ocoboe
BHUMAHUE YOeNeHO AHANU3) COBPEMEHHBIX MEMOO08 U MEXHON02UYECKUX peuleHUll HO 0eKapOoOHU3ayuy 8 KOHmMeKcme
NOO03eMHO20 XPAHEHUS UNU HOO3EMHOU 3aKAYKU Y2NeKUCI020 2434 015 NPUMEHEHUsI 80002A308bIX MEMO008 YEeIuieHUs
Hegpmeomoauu. Paccmampusaromes oeticmgyoujue u nepcnekmugtbie cnocoowbl y1asiusanus yenepood,
CPABHUBAIOMCS UX MEXHONI02UYECKUe 0OCOOCHHOCTNU, NPeuMyecmed U He0oCmamxu. /lan ananus npou3eo0CmeeHHbIX
sampam Ha yrasnusanue u npedomspawjerue eblopocog CO2 u 0bIMOBbIX 2308 8 PA3IUYHBIX OMPACIAX
NPOMBIULIEHHOCTNU U HA 0OBEKIMAX dHEPeemuyecko20 KOMNIEKCA: OYeHKA IKOHOMUYECKoU d¢hdhexmusrnocmu,
CMOUMOCMU, dHEPeOnOmpebienUs, 3ampam Ha MeXHOL02uYecKUe NPOYecchol.

Knroueswie cnosa: CCUS, mexnonoeuu ynasiusanusi CO2, 60002a308bie Memoobl yeeruyeHus Heghmeomoauu,
OeKkapOOHU3AYUSL NPOMBIULLIEHHBIX 8bIOPOCO8, KANUMALbHBLE 3aMPAMbl, IKCHIYAMAYUOHHBLE PACXOObL,

cebecmoumocmo yiaasiuearus.
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Analysis of Production Costs and Process Economics

for CO2 Capture Technologies at Industrial and Energy Facilities

A promising approach to minimizing the carbon footprint involves optimizing the operational performance of
industrial and energy facilities while simultaneously deploying advanced carbon dioxide sequestration and utilization
technologies. This study focuses on analyzing modern methods and technological solutions for decarbonization,
particularly in the context of underground storage or injection of carbon dioxide for water-alternating-gas enhanced
oil recovery. Current and prospective carbon capture techniques are examined, with a comparative assessment of
their technological features, advantages, and limitations. The study includes an analysis of production costs
associated with CO- and flue gas capture and emission mitigation across various industrial sectors and energy

facilities: evaluating economic efficiency, cost structures, energy consumption and process-related expenditures.



Key words: carbon capture utilization and storage, CO2 capture technologies, water-alternating-gas enhanced oil
recovery, industrial decarbonization, power generationa, capital expenditures, operational expenditures, CO2 capture

cost.

10. I'. bopucoesa, K. /I. 3amaxuna, P. M. Cynmanoea, /. E. byzaii, C. C. 3nomckuit

Y dbumcknii rocyapcTBeHHBIN HEPTAHON TEXHHUECKUH YHUBEPCUTET

yulianna_borisova@mail.ru

HNHruouTOpHI CEPOBOIOPOAHOI KOPPO3HH HA OCHOBE AMMHOB H AMMOHUWHBIX COJIEi, COpepKAIINX
HHUKJI0aleTAIbHbIA ¢dparMeHT

Cunme3supogaHul 6MopuuHble U MPEeMmuyHble AMUMbL, A MAKX*Cce Yemeepmuitble AMMOHULIHbIE CONU, coOepicaujue
yukaoayemanvhsie hpazmenmol. [[na noayyeHnslx coeOuneHuli onpeoenena UH2UOUMopHas akmueHOCMs

Ha yenepooucmoti cmanu mapku Cm3 6 3%-Hom 600HOM pacmeope Xaopuda Hampus 8 CPA8HeHUU

¢ pacnpocmpaneHubiMu 8 Hegpmezazoeotl ompacau peazenmamu «Hegpmexum HC» u «Hegpmexum 1 M».
Yemanoeneno, umo naubonvuiyro cmenens sawumol npossisiem mpemuunoii amun N-(1,3-ouoxcan-4-unmemu)-N-
eexcunnpon-2-en-1-amun (82%,), umo nenamno2o Hudxice nokazameinetl uneubumopos cpasuenus (94-98%),

U 5MO C8UOEeMENLCEYEM 0 NePCNeKMUBHOCMU OAbHellule20 NOUCKA dPPeKmUHbIX coeOUHeHUli OAHHO020 Klacca
8 Kauecmee OCHO8bl HOBbIX PedzeHmO8.

KiioueBble ¢10Ba: aMUHBI, YeTBEPTHYHBIC aMMOHUIHBIE COMIH, 1,3-TMOKCAIMKIIOATKAHbI, KOPPO3HS CTAIIH,
WHTHOUTOPHAS CIIOCOOHOCTD, 3aTUTHBIA A PeKT, K0OdIPPHUITHEHT TOPMOKECHHUS.
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Hydrogen Sulfide Corrosion Inhibitors Based on Amines

and Ammonium Salts Containing a Cycloacetal Fragment

Secondary and tertiary amines, as well as quaternary ammonium salts containing cycloacetal fragments, were
synthesized. The inhibitory activity of the resulting compounds on St3 carbon steel in a 3% aqueous sodium chloride
solution was determined, compared with the reagents «Neftekhim NS» and «Neftekhim 1M», commonly used in the oil
and gas industry. It was found that the tertiary amine N-(1,3-dioxan-4-ylmethyl)-N-hexylprop-2-en-1-amine exhibited
the highest degree of protection (82%), which is slightly lower than the performance of the reference inhibitors (94—
98%). This indicates the potential for further research into effective compounds of this class as the basis for new
reagents.

Key words: amines, quaternary ammonium salts, 1,3-dioxacycloalkanes, steel corrosion,

inhibitory ability, protective effect, inhibition coefficient.
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MocKOBCKHIi (PU3MKO-TEXHUYECKHMI MHCTUTYT, HanuonansHbIi

HCCIIeIOBATENbCKUN YHUBEPCUTET, T'. JlONTONpyIHBIH,
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Bansaue mogudukanum neI010361 HA 00pa30BaHUE THAPATA METAHA

B oannou pabome nposoounocsy cpasuenue kongepcuu u CKOpOCMU C8A3b18AHUSL 2A3A NPU POPMUPOBAHUU SUOPATIA
Memana u3 800vl, pacnpedeseHHOU N0 NHOBEPXHOCIU KAPOOKCUTUPOBAHHOU HaHoGubpuiiaprou yernonoszvl (CNC),
MOOUPuYUposanHo noau (2-2uOPoOKCUIMULAKPUIAMOM), ATbeUHATNOM KAAbYusl, 3-(MpUMemoKCUCUIuL) nponu
MEMAaKkpuIamom, noaumMemuamemaxpuiamom uau nymem neumpanuzayuu H*-gopmor CNC 600HbIM pacmeopom
ammuaka. Ilonyyennvie 0anHvle NOKA3LIBAIOM, YMO MOOUPDUKAYUSL YELTIOT03bL XOMSL U CHUNCAEM YeTlesble
napamempul npoyecca, Ho H0380JsLem aPbLUPOBATY UX 8 UUPOKOM OUANA30HE.

KiarueBble cj1oBa: zudpam memana, mamepuaibl HAd OCHO6€e YEeJII0J103bl, MeMAKpUiamal, pocm 2udpama.
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Effect of Cellulose Modification on Methane Hydrate Formation

This study compares the conversion and gas binding rate during the formation of methane hydrate from water
distributed on the surface of carboxylated nanofibrillar cellulose (CNC) modified with poly(2-hydroxyethyl acrylate),
calcium alginate, 3-(trimethoxysilyl) propyl methacrylate, polymethyl methacrylate, or by neutralizing the CNC
H*-form with an aqueous ammonia solution. The data obtained show that although cellulose modification reduces the
target parameters of the process, it allows them to be varied over a wide range.

Key words: methane hydrate, cellulose-based materials, methacrylates, hydrate growth.
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Pa3BuTHe crioco0oB OLeHKH KOPPO3MOHHBIX NMPOIECCOB HA 00 bEKTAX NMEePepadoTK raza

B cmamve paccmompeno uccredoganue cocmasa u c80UCMSE NPOOYKMO8 cepo80OOPOOHON U Y2NeKUCIOMHOU KOPPOo3Uul
C NOMOUWbI0 MEMO008 PEHM2EHOBCKOU OUPpaKyuU U I1eKMPOHHOU MUKPOCKONUU OJisL OYEeHKU ONACHOCMU NPOYECCOo8
sHympenHeti kopposuu. Onpedenenvl OMAULUSL CIMPYKMYPbL 0CAOK08 CYIbuoa dHcene3a, noayuaemslx npu
€epo8000POOHOL KOPPO3Ul 8 B0OHOU U 2430801 (hasax. IIpoanarusuposano 6o3deticmaue cocmasa
IKCHIYAMAYUOHHBIX CPed HA 00pa308anue U 3auumHuble CBOUCMEA CUOEPUNO8 CINEXUOMEMPULECKO20 U
HeCmexuomMempuiecko20 coCcmagos, A8IAuUxXcs npoOYKmMoM YeaeKUCIOMHOU Kopposuu. [[is noiyueHus ocaokos
UCTIONIL308AHBL HOBbLE CNOCODBL KOPPOZUOHHBIX UCTBIMAHUY, UMUMUPYIOWUE YCI08Us IKCHAYAMAYUY Ha 00beKmax
nepepabomxku 2aza. Ilpugedenvl npumepsbl UCHONLIOBAHUS XAPAKMEPUCMUK KPUCMATIUYECKOU CIMPYKMY Dbl
cuoepumog no pe3yibmamam 0o6padomKy U aHaIU3a pe3yibmamos 3amMepos MemoooM PeHmeeHO8CKOU Ouppaxyuu

o 0}’lp€a€ﬂeHT/tﬂ cmenenu onacHoCcmu 10KaibHOU Koppo3uu Ha cmaijiu.



KuaroueBrble c10Ba: cepoBOOPOAHAS KOPPO3US, YIIEKUCIOTHAs KOPPO3Us, TPOTYKTH KOPPO3HUH,
aHaJIM3 COCTaBa OTJIOKEHUH, METOJ] PEHTTCHOBCKOU Mr(paKimm.
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Development of Methods for Assessing Corrosion Processes at Gas Processing Facilities

The article considers the study of the composition and properties of hydrogen sulfide and carbon dioxide corrosion
products using X-ray diffraction and electron microscopy to assess the danger of internal corrosion processes. The
differences in the structure of iron sulfide deposits obtained during hydrogen sulfide corrosion in the aqueous and gas
phases are determined. The effect of the composition of operating environments on the formation and protective
properties of stoichiometric and non-stoichiometric siderites, which are products of carbon dioxide corrosion, is
analyzed. New corrosion testing methods simulating operating conditions at gas processing facilities are used to
obtain deposits. Examples of using the characteristics of the crystalline structure of siderites based on the results of
processing and analysis of X-ray diffraction measurements to determine the degree of danger of localized corrosion
on steel are given.

Key words: hydrogen sulfide corrosion, carbon dioxide corrosion, corrosion products,

deposit composition analysis, X-ray diffraction method.
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Hepenmennsie mpo6JieMbl N0 re0JIOTHH U pa3padoTke HeQTAHBIX MECTOPOKACHHIT

s onucanus npoyecca 80CnoHeHUs 3anacos Hepmu u npocHo3a Ha 6ydywee co30ana u anpoouposana
Mamemamuieckas mooenv. Pacuemul noxazanu, 4mo no mepe UCuepnanus u3eneKaemvlx 3andaco8 CKOpocms
0bpazosanus Heghmu cpasHUBaAemcs ¢ ypoeHem 000bivu Hehmu, U OAHHASE MEHOCHYUS MONCEM NPOOOTINCAMbCS
comnu nem. [Ipednoosicen memood pacuema Kodgh@uyuenma uzeneyenus Hehmu ¢ y4emom eCmecmeeHH020 npoyecca
socnoanenus 3anacos. Ilokaszano, umo 6onvuias 4yacms 0ONOIHUMENLHO 000bIMOL Hemu 006y Ccr08IUBAEMC S
NpUPOOHBLIMU (Pakmopamu, a He 8030elicmauem Yelo8eKka Ha Niacm.

KiroueBble cioBa: MPOUCXOKIACHHUC He(l)TI/I, BOCIIOJTHCHHE 3aI1acoB, HG(I)TGHOHBOI[HHII/IG KaHaJlbl.
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Unsolved Problems in Geology and Development of Oil Fields

A mathematical model was created and tested to describe the process of replenishment of reserves and the scenario
for the future. Calculations have shown that as recoverable reserves are depleted, the rate the origin of oil is

compared with the level of oil production, and this trend can continue for hundreds of years. A method for calculating



oil recovery factor taking into account the natural process of reserve replenishment is proposed. It has been shown
that most of the additional oil is caused by natural factors, and not by EOR and IOR impact.

Key words: origin of hydrocarbons, replenishment of reserves, oil delivery channel.
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