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OnsbiT npumeHenusi PINN UIsi KHHETHYECKOT0 MOIEJIMPOBAHMS OJTUTOMEPH3AIUH dTHIIEHA

C MOJIyYeHHeM JIMHEHHBIX BBICHINX 0J1e()MHOB HAa KAapOOKCHIATAX IIUPKOHHS

Cmamwps nocesuena npumeHeHuio puzuyecku ungopmuposannvlx netiponnwix cemetl (Physics-Informed Neural
Networks, PINN) 05 kunemuuecko2o MoOeauposanus npoyecca oiueoMepu3ayuy dmuiend 6 tuHelinvle gplcuiue | |-
onegunst (JIAO) na kamanuzamope Ha ocHoge Kapdoxcuramos yupkonus. Onucansvl 0CHO8HbIE CIMAOUU
Kamanumuueckoeo npoyecca onueomepuzayuu smunena ¢ JIAO, onucvisaemvix pacnpedenenuem Llynvya-Dropu,

a makdce 0OCHOBHbLE NPODIeMbl, 3amMpyOHAIOWUEe CO30anUe CMpPo2ux KuHemuyeckux mooenel. Ilpednoscena
VNPOWEHHAS KUHEMUYeCKas MOoOelb oaucomepuzayuu smunena. Ilpednoscen nooxoo na ocnose PINN ¢ areopummonm
na 6aze snumanus k ocmamrkam RBA-PINN (Residual-Based Attention), obecneuusaiowuili co6Mecmuyio
UOeHMupUKayuo KUHeMu4ecKux napamempos npoyecca Cmamucmuieckol onuzomepusayuu smuiena ¢ JIA0

U 80CNpouU3gedeHUe IKCNEPUMEHMAaIbHbix Oannblx. IIpusedenst pesyromamot npumenenusi PINN ons obpabomiu
IKCNEPUMEHMATLHBIX OAHHBIX NPOYECCA OAUSOMEPUZAYUL IMUTEHA, NOTYHUEHHBIX 8 NUIOMHOM Macuimabe, Kuo4as
epaguru cxooumocmu nomeps U CPAGHEHUE PACHEMHBIX U IKCNEPUMEHMATbHBIX napamempos. llokazano, ymo memoo
PINN no3zgonsiem docmuub 8bICOKOU MOYHOCMU ONUCAHUS COCIMABA ONULOMEPHOU CMECU NPU OZPAHUYEHHOM 00béMe
IKCNEPUMEHMATLHBIX OAHHDIX.

KiaroueBrble c10Ba: JTUHEHHBIC BBICIINE | -0Jie(UHBI, OJTMTOMEPHU3AIMS STUIICHA, KAPOOKCHIIATHI [IUPKOHHS,
¢usnyeckn naGopmupoBaHHbie HeiiporHble cetd (PINN), kuneTndeckas mojenb, pactpenenenue [lynbia —
®nopwu.
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K. Garcia Serpas!, M. P. Filina!, N. N. Lashmanov?, L. V. Kamelina®.

! “Engineering Center of Chemical Technology” LLC, Tomsk,

2 The Federal Research Center of Problems of Chemical Physics and Medicinal Chemistry, Chernogolovka,

3 “LINK” LLC, Nizhny Novgorod

Experience of Using PINN for Kinetic Modeling of Ethylene Oligomerization

to Produce Linear Higher Olefins on Zirconium Carboxylates

The article it devoted to application of Physics-Informed Neural Networks (PINN) for Kinetic Modeling of the
ethylene oligomerization process into linear higher alpha olefins (LAO) on the catalyst on the basis of zirconium
carboxylates. The main stages of catalytic process of ethylene oligomerization in LAO described by the Schultz-Flory
distribution, as well as the main problems that make it difficult to create rigorous kinetic models, are described. A
simplified kinetic model of ethylene oligomerization is proposed. A PINN-based approach with an algorithm based on
attention to RBA-PINN (Residual-Based Attention) residues is proposed, which provides joint identification of kinetic
parameters of the statistical oligomerization of ethylene in LAO and reproduction of experimental data. The results of

applying PINN to process experimental data of the ethylene oligomerization process obtained on a pilot scale are



presented, including graphs of loss convergence and comparison of calculated and experimental parameters. It has
been shown that the PINN method makes it possible to achieve high accuracy in describing the composition

of an oligomeric mixture with a limited amount of experimental data.

Key words: linear higher alpha olefins, ethylene oligomerization, zirconium carboxylates, physics-informed neural

networks, kinetic model, Schultz—Flory distribution.

E. A. Apoy3oe, b. A. llInax

000 «JIMHK», r. Huxuuit Horopon

Evgeniy.Arbuzov@Iukoil.com

Togsvrenue 3¢pghexmusHocmu UCNOALIOBAHUS PECYPCO8 NPOEKMHO20 U IKCHEPIHO20 NEPCOHANA C NOMOUBIO
UHCIPYMEHO08 NPUOPUMU3AYUL NOMPEOHOCIU 3AKAZYUKOG U CUCEMbL

ananuza paboveco epemeHu

B pabome npeonosicenvt u 060cHo8anbl 100X00bI K NOGLIUUEHUIO IPDEKMUBHOCU UCNOTb30BAHUS NPOEKMHO20 U
IKCHEPMHO20 NePCOHANA UHICUHUPUHZ08020 YEHMPA 30 CUem 6HeOPeHUs] UHCHPYMEHMO8 NPUOPUMUZAYUY 3aNPOCO8
3AKA3YUKOB U CUCEMbl AHATU3A pabouezo epemenu. Paccmompenvl ocHogHble npuyutbl HepAYUOHATbHOU 3a2PY3KU
CREYUATUCMOB 8 YCIIOBUAX MHO2ONPODUILHOU OesTMenbHOCMU, GIUSHIUE NPUOPUMUZAYUU HA KAYECMBO GbINOIHACMbIX
3a0au, ee deMeHmbl U OMAULUS OJISL HE3ABUCUMBIX U KOPROPAMUBHBLX UHICUHUPUHZOBBIX YEHMPOE, NOOX00bL K Yuemy
paboue2o epemeHuU U KIIOUEBbIX NPUHYUNBL €20 AHATU3A.

Kawuesble cioBa: 3Q)eKTHBHOCTD, HHXHHAPHUHT, PECYPCHOE TUIAHUPOBaHHE,

aHaJin3 pa60qero BPEMCHHU, NH)KUHUPUHT'OBBIC LICHTPHI.

DOI: 10.32935/0023-1169-2026-657-5-10-17

E. A. Arbuzov, B. A.Shpak.

“LINK” LLC, Nizhny Novgorod

Improving the Efficiency of Engineering and Expert Personnel Resource

Utilization Tools by Means of Customer Needs Prioritization Tools

and a Work Time Analysis System

The purpose of the article is to propose and substantiate approaches to improving the utilization efficiency of
engineering and expert staff of engineering center by means of implementation of customer request prioritization tools
and a work time analysis system. The authors review the main reasons of inefficient workloads of specialists in the
context of multidisciplinary activities, the impact of prioritization on the quality of tasks performed, its elements and
differences for independent and corporate engineering centers, approaches to work time recording and key principles
of its analysis.

Key words: efficiency, engineering, resource planning, work time analysis, engineering centers.

C. A. Kypoanoes, E. A. /lemuoos, C. E. I'opakun, M. C. Ilapamonos
000 «JIMHK», r. Huwxuunii Hosropon
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PoJab nHPOPMAIIMOHHO-aHATUTHYECKOT0 HHCTPYMEHTAPHS NPEeTUKTUBHONH AHATUTHKA B HHTEJLIEKTYaIbHbBIX
CHCTeMAX MOJIEPKKU MPUHSITHS PellleHUil NP MOHUTOPUHIE COCTOSTHUS THHAMUYECKOTO0 000PY/10BaHMS

B cmamuve uccredyemces npobaemamuxa nepexooa npoMulUIeHHbIX NPEONPUSMULL, SKCIILYAMUPYIOWUX KPUMU4eCcKu
BAJICHOE OUHAMUYECKOE POMOPHOE 0O0PYO08aHUE (8 YACMHOCMU, HA 00bEeKMax HedmenepepabamvlearOuux
3a60008), OM cmpamezui peaKxmueHO20 0OCIYHCUBANUS K NPOAKIMUBHOMY YAPABTIEHUIO HAOEICHOCHDIO.
Paccmampusaromes gpynoamenmanvivie 02paHuyens KIACCULECKUX CUCHEM GUOPOMOHUMOPUHEA, OAZUPYIOWUXCS HA
HCECMKUX HOPMAMUBHBIX YCIMABKAX, KOMOPble He NO3BOJISIIOM GbIs8IsAMb 0e2padayuio Y3108 HA PAHHUX CIAOUSIX.
Ipeonacaemces memoodonozus unmezpayuy AnoOpUMMO8 MAUUHHO20 00YYEHUsL 8 CUCTHEMbL HOOOEPICKU NPUHSIINUSL
pewenuii (CIIIIP) unocenepa-ouacnocma. Onucan mamemamuyeckuil annapam Gopmuposaniusi UHMmMespaibHo20
UHOEKCA AHOMATbHOCTU HA OA3e MHO2OMEPHbIX IMnupudeckux modeneti. Ha npumepe mypboxomnpeccopa
NPOOEMOHCIMPUPOBAHA IPDEKMUBHOCb NPUMEHEHUS NPEOUKMUBHO20 UHCIPYMEHMAPUsL, NO380IUBUESO

8bIABUMb OegheKm 00 00CMUICeHUS ABaAPUliHbIX nopoeos. Ilpumenenue unmennexmyanviwvix CIIIIP cnuscaem pucku
BHENIAHOBHIX OCMAHOB08 U 0DeCneuusdaenm cyujecmeennblli IKOHOMUYecKuil a¢hghexm

3a cyem ONMUMU3AYUYU PEMOHMHBIX YUKTOB.

KiioueBble cj10Ba: IpeIUKTHBHAS aHAIUTHKA, BAOPOIUATHOCTHKA, CUCTEMA TIOJICPIKKH MIPUHSTUS PEIICHHI,
MaIlluHHOE 00yUeHHe, HHIEKC aHOMaIIbHOCTH, pOTOPHOE 000pyI0BaHUE, TYPOOKOMIIPECCOP, TEXHUIECKOE
00CTy’)KMBaHHWE U PEMOHT.

DOI: 10.32935/0023-1169-2026-657-5-18-21

S. A. Kurbanov, E. A. Demidov, S. E. Goryakin, M. S. Paramonov.

“LINK” LLC, Nizhny Novgorod

The Role of Data Analytics Tools of Predictive Analytics in Intelligent

Decision Support Systems during Monitoring the of Rotary Equipment Status

The article reviews the problems of transition of industrial enterprises operating critically important dynamic rotary
equipment (in particular, at Refinery facilities) from a reactive maintenance strategy to proactive reliability
management. The fundamental limitations of classical vibration monitoring systems based on strict regulatory
settings, which prohibit detecting the deterioration of equipment components at early stages, are considered. A
methodology for integrating machine learning algorithms into decision support systems (DSS) of a diagnostic
engineer is proposed. The mathematical tool for formation of an integral "anomaly index" based on multidimensional
empirical models is described. Using the example of a turbo-compressor, the efficiency of predictive tools has been
demonstrated, which made it possible to identify a defect before reaching emergency thresholds. The use of intelligent
DSS reduces the risks of unscheduled shutdowns and provides significant economic benefits by optimizing repair
cycles.

Key words: predictive analytics, vibration monitoring, decision support system, machine learning, anomaly index,

rotary equipment, turbo-compressor, maintenance and repair.

A. K. By3yes, A. I. /Iyboe, M. A. Kaneouna
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MetonoJiorusi ooparnoii cBsizu B crpouteabcTse HII3 u I'TI3: noBpllieHne 10CTOBEPHOCTH KaJIEeHAAPHO-
ceTeBOil MOJeJIN POeKTa

B cmamuve paccmampusaemcs npobiema HU3KOU 00CMO8epHOCIU KANeHOApHO-cemesblx modeneu (KCM)

npu peanuzayuu KPynHulx UHEECMUYUOHHO-CIMPOUMETbHBIX NPOEKnOo8 Heghme- U 2azonepepadbamul8auyux 3a60008.
Obocrosbisaemcs, 4ymo Kouesvim ghakmopom nogviutenus oocmoseprocmu KCM evicmynaem enedpenue
CUCMEMHOT MeMOO0N02UU 0OPAMHOU CEA3U, UHMeZpUpYIowell Op2aHu3ayuoHHble, UHPOPMAYUOHHbLE U YUPPOBbLe
UHCmMpyMeHmol. AHANU3UPYIOMCs cospemennble n00X00bl K c6opy, 06pabomke u UCNOIb308AHUI0 OOPAMHOLL CEA3U OM
6cex yuacmHuuxos npoekma. Ilpeonodicena KonyenmyanvbHas MoOenb HeNnpepbieHO20 YUKIA 0OPAMHOU C643U,
NO360AAIOWAS CYUWECIBEHHO NOBLICUMb MOYHOCIb NPOZHOSUPOBAHUSA CPOKOG U CHU3UMb PUCKU OMKIOHEHU OMm
Yenego2o KaneHOapHo-cemeso20 paguxa.

KawueBrble cioBa: KaleHAapHO-CETEBAs MOJEIb, 00paTHas CBsI3b, JOCTOBEPHOCTD,

ynpaBiieHHE IPOEKTaMH, IIU(PPOBbIE HHCTPYMEHTHI.

DOI: 10.32935/0023-1169-2026-657-5-22-25

A. K. Buzuev, A. G. Dubov, M. A. Kaledina.

“LINK” LLC, Nizhny Novgorod

Methodology of Feedback in the Construction of Oil Refineries

and Gas Processing Plants: Enhancing the Reliability

of the Project Schedule-Network Model

The article reviews the problem of low reliability of calendar and network models (hereinafter referred to as "CNM")
in the implementation of large investment and construction projects of Oil Refining and Gas Processing Plants
(hereinafter referred to as "Refineries” and "GPPs", respectively). It is proved that the key factor in increasing the
CNM reliability is the introduction of a systematic feedback methodology that integrates organizational, information
and digital tools. Modern approaches to collecting, processing and using feedback from all project participants are
analyzed. A conceptual model of a continuous feedback cycle is proposed, which makes it possible to significantly
increase the deadlines forecasting accuracy and reduce the risks of deviations from the target calendar and network
schedule.

Key words: calendar and network model, feedback, refinery, GPP, reliability, project management, digital tools..
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MccienoBanne CUITMKATEISI-HOCHTEJIS JIJIsl CHHTE32 OKHCHO-XPOMOBBIX KATAJIN3ATOPOB CMHTE32 MOJHITHIIEHA
IIposeder: cpagHumensublii AHAIU3 POCCUTICKUX U 3aPYOENICHBIX CUTUKA2eNeli-Hocumenetl O NONYYeHUs OKUCHO-
XPOMOGHIX KAMAIU3AMOPOE NOIUMEPUSAYUU IMUTEHA. DIeMEHMHbIL COCMAE CUNUKA2eNell YCMAaH06IeH MemoOamu
AMOMHO-dMUCCUOHHOTL U DHEP2OOUCNEPCUOHHOT PEHM2EHOECKO cnekmpockonuu. DUsuKo-xumuieckue napamempol

cunukazeneli uccie008aHbl Memooamu mepmospasumMempul, CKaHupyioueti 2.1eKmpoHHOU MUKPOCKORUU,



nopomempuu, 1a3eprHou Ouppaxyuu u epanyiomempuyecko2o anaiusza. Ha ocnose cunuxazenei-nocumenei oOviau
CUHME3UPOBAHbI KAMAIUZAMOPbI NOIUMEPUZAYUU INUTIEHA, NPOBEOEHbL CPAGHUMENbHBIE TAO0PATNOPHBIE UCNLIMAHUS
UX AKMUBHOCMU, 4 MAKJCe AHANU3 CBOUCME NOTYYEHHO20 NOTUIMUTIEHA.

KuroueBble ¢Jj10Ba: CUIUKAresb, OKHCHO-XPOMOBBIE KaTalIU3aTOPhI, XPOMCOACPKAIIHNE KaTAIU3aTOPBI,
MOJIMMEPHU3ALUS STHIICHA, TIOIUATUIEH, MOP(HOJIOTHS YaCTHII.
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Study of Silica Gel Carrier for Synthesis of Chromium Oxide Catalysts

for Polyethylene Synthesis

A comparative analysis of domestic and foreign silica gel carriers for the production of chromium oxide catalysts for
ethylene polymerization has been carried out. The elemental composition of silica gels has been determined by atomic
emission and energy dispersive X-ray spectroscopy. The physical and chemical parameters of silica gels have been
studied by thermogravimetry, scanning electron microscopy, porometry, laser diffraction, and granulometric analysis.
Ethylene polymerization catalysts have been synthesized on the basis of silica gels carriers, comparative laboratory
tests of their activity have been carried out, as well as an analysis of properties of the resulting polyethylene.

Key words: silica gel, chromium oxide catalysts, chromium based catalysts, ethylene polymerization,

polyethylene, morphology of particles.
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BiiMsiHHe THIIA PACTLLIATEILHOI0 YCTPOICTBA CyIIMJIKA HA AKTHBHOCTh U MIPOYHOCTH MHOTOKOMIIOHEHTHOTO
KATAJIM3aTOPA OKMCIMTEILHOT0 AMMOHOJIM32 IIPOIHJIEHA

Vemanoeneno enusnue cnocoba pacnviienus Kamaiu3amopHotl CyCRen3ull Ha KauecmeenHble XapaKmepucmux
06pazyowez0cs MHO20KOMNOHEHMHO20 KAMAlU3amopd OKUCIUMENbHO20 AMMOHONU3A NPONULEHA 6 AKPUTOHUMPUL.
Ananuz ¢paK7/ﬂ/{0HH020 cocmaea 06pa31//l08 Kamajauzamopa nokasai, 4no npu pacnvll€eHUU CYCNeH3uu Ha
NPOMBIUTIEHHOT PACNBLIUMENbHOU CYUUIKE C UCTIONb306AHUEM CIMPYIHOT (POPCYHKU 00pa3yemcs NOPOULOK C
BbICOKUM COOEPAHCAHUEM METKOU (PPAKYUL CO CPEOHUM PAZMEPOM YaACIUY 4 MKM, HEnpU20OHbLLL OISl NPOBEOCHUS.
kamanumuueckux mecmos. Cpednuil pazmep 4acmuy Kamai3amopd, NOIy4eHHO20 NPU PACAbLICHUU
yenmpobedicHvlM amomatizepom, cocmasasiem bonee 50 MM, u 3mom 00pazey OeMOHCMPUPYem GblCOKVIO

Kamaiumu4ecKyro aKkmuerocntb 6 peadkyuu OKUCAUMENbHO20 AMMOHOIU3A NPONUIeHdA.



KiioueBble ¢10Ba: aKpUIOHUTPUIT, OKUCIUTEIILHBI aMMOHOJIN3 MPOIWICHA, PACIIBUIHTEIbHAS CYIIUIIKA, CTPpYHHAS
(dhopcyHKa, MeHTPOOSKHBIA aToMai3ep, (PpaKIMOHHEII COCTaB, KATATUTHIECKAsT aKTHBHOCTb.

DOI: 10.32935/0023-1169-2026-657-5-32-35

B. D. Korenkov?, E. V. Gorbacheva®, A. B. Trankovskiy?, 1. V. Ershova?,

O. P. Borisova?, S. E. Kuznetsov®, V. I. Sobolev*.

Saratovorgsyntez” LLC,

2”LINK” LLC , Nizhny Novgorod,

LUKOIL” PJSC,

“Boreskov Institute of Catalysis of the Siberian Branch of Russian Academy of Sciences, Novosibirsk

Effect of the Spray Type Dryer on the Activity and Strength

of a Multicomponent Catalyst for Oxidative Ammonolysis of Propylene

The influence of the catalyst slurry spraying method on the properties of the resulting multicomponent catalyst for the
ammoxidation of propylene to acrylonitrile has been determined. Analysis of the fractional composition of the catalyst
samples revealed that spraying the slurry in an industrial spray dryer using a pneumatic nozzle yields a powder with a
high content of fines (mean particle size of 4 um), rendering it unsuitable for catalytic testing. In contrast, the catalyst
obtained using a rotary atomizer has a mean particle size exceeding 50 um and exhibits high catalytic activity in the
propylene ammoxidation reaction.

Key words: acrylonitrile, propylene ammoxidation, spray dryer, pneumatic nozzle, rotary atomizer,

fractional composition, catalytic activity.
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AHanu3 TeHJAeHIIn pa3BUTHS npouecca qeacalbTU3ANMHA H €ro PoJib

B COBPeMEHHOI He(pTenepepadoTKe

B pabome npoeedén ananuz cospemMeHHbIX nameHmos pocculicKux u 3apyoexicnvix asmopos. Mx pabomei nocssuyenbl
onmumuzayuu U UHmMeHcuguUKayuu npoyecca 0eacharbmuzayuu — Kioueso20 3manda 2iybokoil nepepabomku Hegmu
0712 nonyuenus oeacanromuzama uz 2yopoua. Paccmomperuvl Hanpasienus no noooopy 8blCOKOCENeKMUBHbIX
pacmeopumeineti, mexHuuecKue peuleHus: no MOOEPHU3AYUU IKCMPAKYUOHHOU KOTOHHDL, d MAKIHCE CXeMbl
KOMOUHUPOBAHUA NPOYecca 0eac@anbmuzayuu ¢ 2UOPOKPEKUH2OM U KokcosaHuem. Kpome mozo, npoananuzuposansi
MEXHONIO2UU, NO360NAIOUIUE CHUZUMNb IHEP2O3AMPAMbl NPOU3BOOCMEA 30 CYEM COKPAUEHUS. pAcX00a Mennos6oll
sHepeuu. [Ilpakmuueckas 3Ha4UMOCMb pAOOMbL 3AKTOUACMCIL 8 CUCMEMAMU3AYUY AKMYATbHBIX NAMEHMO8 U
8bl0e/IeHUU HaUboIee NePCNEeKMUBHBIX HANPABLEHUI 0151 MOOEPHU3AYUU OeUCMBYIOWUX Hedhmenepepadbamvieaoujux
3a60008, umo obecnequm ux KOHKypeHmoCcnocooHOCmb 61a200apsa CHUNCEHUIO 3aMpam, VIy4uleHuio Kaiecmea
NPOOYKYUU U PACUUPEHUIO ACCOPMUMEHMA BbINYCKAEMbIX HehmenpooyKmos.

KioueBble ciioBa: TyJIpoH, AeacanbTH3anus, acQaibT, THAPOKPEKUHT-OCTATOK, THAPOKPEKUHT,

PacTBOPUTECIIb, SHEPTOHOCUTECIIN, OITUMU3ALUA ITPOU3BOJICTBA.
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Analysis of Trends in the Development of the De-Asphalting Process

and Its Role in Modern Oil Refining

The article analyzes modern patents of Russian and foreign authors. Their works are devoted to the optimization and
intensification of the de—asphalting process, a key stage of deep oil refining to obtain de-asphalticate from tar. The
directions for the selection of highly selective solvents, technical solutions for the modernization of the extraction
column, as well as schemes for combining the deasphaltation process with hydrocracking and coking are considered.
The technologies allowing to reduce the energy consumption of production by reducing the consumption of thermal
energy are also analyzed. The practical significance of the work lies in the systematization of current patents and the
identification of the most promising areas for the modernization of existing refineries, which will ensure their
competitiveness by reducing costs, improving product quality and expanding the range of petroleum products.

Key words: tar, de-asphalting, asphalt, hydrocracking residue, hydrocracking, solvent, energy carriers, production

optimization.
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Mpencka3areabHas MaTeMaTHYeCKasi MOAeIb THIPOKPEKMHIa BAKYYMHOT'0 Ta30iiIs

U ee HCNOJIB30BaHMe I ONTHMHU3AIUH Mpolecca

B cmamve npeocmasnensi pe3yriomamol pacuemos nokasameneu npoyecca 2UOPOKpeKut2a Ha 0CHO8e
Mamemamuieckou MOOenU C YYyemom 0e3aKkmusayuy kamaiusamopa. Mcnoiv308aiace mamemamuieckas Mooeb ¢
PasdoUBKOU peakyUOHHOU cMeCU 8 8Ude HeNPEPLIBHOZ0 PACHpedeNeHUs Y2le8000P0008 N0 MeMNepamypam KUneHus.
Tlokaszano, umo cywecmgyem onmuMaibHAs MeMnepamypa 0asa NOIYYeHUs MAKCUMATbHOZ0 8bIX00d CPEOHUX
oucmunnamos. I[lokazano, umo cywecmeyem onmumaibHoe COOMHOUEHUEe KAMAaIu3amopos cu0pooyUCmKY U
2UOPOKPEKUH2A 0151 MAKCUMATbHBIX 8bIX00A CPEOHUX OUCMULTIIMOS U 8peMeHU npobeza.

KawueBble c10Ba: THAPOKPEKHUHT, BAKyYMHBIH Ia30ib, KHHETHYECKAst MOJEIb, MATEMaTHUECKOE MOACIHPOBAHHE.
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A Predictive Mathematical Model of Vacuum Gas Oil Hydrocracking

and Its Use for Process Optimization

The article presents the results of calculations of the hydrocracking process parameters based on a mathematical
model taking into account the catalyst deactivation. A mathematical model has been used, with the reaction mixture

breakdown in form of a continuous hydrocarbons distillation by boiling points. It has been shown that there is an



optimal temperature for achieving the maximum yield of middle distillates. It has also been demonstrated that there is
an optimal ratio of hydrotreating and hydrocracking catalysts for achieving the maximum yield of middle distillates
and longest run time.

Key words: hydrocracking, vacuum gasoil, kinetic model, mathematical modeling.
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IlepcneKTHBBI HCNOJIH30BAHUS 0TE€YeCTBEHHBIX KATAIU3ATOPOB HA OCHOBE AJIIOMOCUJIMKATOB

AJ151 BBICOK03((peKTUBHOM rMIPO0YMCTKH 0eH3MHA KATAJUTHYECKOr0 KPeKHHIa

Yorcecmouenue mpebosanuii k kauecmey MOMOPHbIX MONAUE U KYPC HA UMNOPMO3AMeEUeHIe Kamanu3amopos
HeghmenepepabomKu CIMUMYIUPYIOM pa3pabdomKy poCCUCKUX KAManusamopos 0si CeNeKMUGHOL 2UOPOOUUCIKU
Oen3una xkamaiumuuecko2o kpexkunea. Knouesoii npobnemoii oannozo npoyecca A6ns1emcs HeusoexicHoe
2UOPUPOBAHUE 8bICOKOOKMAHOBBIX ONEPUHOS, NPUBOOAUEe K UPEIMEPHOMY NAOEHUIO OKMAHOB020 YUCLA NPOOYKIMA
(>2 nyHKmos) npu ucnonib308anHul MpaouyUOHHbIX Kamaiuzamopos. /lna peuwieHusi 0anHou npooaemuvl npeonodicen
CoMo-xamanuzamop Ha KOMROZUMHOM HOCUmene, cooepicawem amop@duulil amomocunuxam. Ilpedcmagnenvi
pesynvmamul pecypchvix ucnvimanuti kamanuzamopa CoMo/A1203-AAC, napabomannozo Ha NPOMbIULTIEHHOM
obopydosanuu, ¢ meyenue 6onee 1000 uacoe 6 npespawjernuy WUPOKOU u msdxicenou pakyutl 6eH3uHa
Kamanumuieckoeo kpexurea. Iloxazano, ymo paspabomannviii Kamaiuzamop no36oasem cmaduibHo Noayuams
nPOOYKM, COOMBEMCMBYIOWUL NPOMBIUUIEHHLIM MPEOOSAHUAM NO COOEPAHCAHUIO CEPbl NPU YMEPEHHOM CHUMCEHUU
OKMAHO0B020 YUCIA.

KuroueBsble ci10Ba: THAPOOUNCTKA, KATATN3aTOP, OEH3WH KaTATUTHYECKOTO KPEKHHTa, aMOP(QHBIA aIFOMOCHIINKAT.
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Prospects for the Use of Domestic Catalysts Based on Aluminosilicates

for High-Efficiency Hydrotreating of FCC Gasoline

The tightening of motor fuel quality standards, coupled with the policy of import substitution for refining catalysts,
drives the development of domestic catalysts for the selective hydrodesulfurization of catalytic cracking gasoline. The
key challenge of this process remains the unavoidable hydrogenation of high-octane olefins, which, when
conventional catalysts are used, results in an excessive octane number loss of the product (>2 points). To address this
issue, a CoMo catalyst supported on a composite support containing amorphous aluminosilicate is proposed. The
results of long-term performance tests (over 1000 hours) of the CoMo/A1203-ASA catalyst, manufactured on industrial

equipment, are presented for the conversion of both heavy and full-range FCC gasoline fractions. The results



demonstrate that the developed catalyst consistently produces a hydrotreated gasoline that meets industrial sulfur
specifications while maintaining a moderate and industrially acceptable octane number loss.

Key words: hydrotreating, catalyst, FCC gasoline, amorphous aluminosilicate.
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Buinsinne cBOiiCcTB KaTAJIM3aTOPOB HA THAPOINEPEPADOTKY CMECH TEPMOJIM3ATA XJI0PCOAEPKAIIUX MIACTUKOB
¢ BAKYYMHBIM ra3oiijiemM

Buinoaneno cpasnumenvhoe ucciedosamie d¢hhekmusHocmu cynb@uOHbIX HUKETb-MOAUOOEHOBbIX KAMATUMULECKUX
cucmem, HaHeCeHHbIX HA KUCTIOMHbLEe HOCUMENU PA3HOU NPUPOObL 8 npoyecce 2UOpPonepepadbomKu cmecu
MEPMOUZAMA XTIOPCOOEPACAUWUX NIACIMUKOS C 8aAKYYMHBIM 2azotliem. C UCnonb306aHUeM KAMAaIu3amopoes,
cooeparcauux amoppHulil antoMocurukam u yeonum Y nonyuenvl 2u0po2enu3amol, XapaKkmepucmuku Komopvlx
coomeemcmeyom mpeho8anusim, NPeobaGIAEMbIM K ChIPbIO KAMATUMUYECK020 KpeKuH2d. Ycmanosneno,

Umo couemanue pazeumoi MmeKCmypbl, MHO2OCIOUHOCIMU CYIbQUOHBIX NAKEMO8 U 8bLCOKOU CIMENEeHU UX
NPOMOMUPOBAHUsL HUKETIeM OeMOHCIPUpYem Hauboiee 8biCOKUE NOKA3AMENU AKMUBHOCTU 6 YETIe8blX PeaKYUsX
2UOPOOUUCIKU U 2UOPOOEXTOPUPOBAHUU.

KioueBrble ciioBa: nepepaboTka MIIaCTHKa, TEPMOJIU3HOE MACIIO, THIPOOYHCTKA, IEOTHT Y,

aMOp(HBIN amroMocuiuKar, neoiaut ZSM-23, NiMo cynbdumbr.
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Effect of Catalysts Properties on the Mixture of Chlorine-Containing Plastic

Thermolysate with Vacuum Gas Oil Hydroprocessing

This study compares the effectiveness of sulfide NiMo catalyst systems supported on various acidic carriers in the
hydroprocessing of a mixture of chlorinated plastic thermolysate and vacuum gas oil. Catalysts containing amorphous
aluminosilicate and zeolite Y were shown to produce hydrotreated products meeting the requirements for catalytic
cracking feedstocks. Furthermore, a combination of a developed texture, multilayered sulfide slabs, and a high degree
of nickel promotion exhibited the highest activity in the target hydrotreating and hydrodechlorination reactions.

Key words: refining plastic waste, thermolysis oil, hydrotreating, zeolite Y, amorphous aluminosilicate,

zeolite ZSM-23, NiMo sulfides.



O. B. Knumoe, I1. 11. /Tuk, H. C. I'onyoes, K. A. Haoeuna,
A. A. Canomamuna, T. C. bozomonosa, B. C. Kpecmvanunosa

WNuctutyT katammsa uM. I'. K. BopeckoBa Cubupckoro orneneans PAH

kIm@catalysis.ru

Texnu4ueckne Bo3mMo:xkHOocTH UHCTHTYTA KaTaan3a Cudupckoro oraesennsa PAH u pesyasTatel TecTHpOBaHHSA
KATAJIN3aTOPOB HedTenepepadoTKu U HePTEXUMHUHU

Onucan napx nuiomHuvIx mexuoaocudeckux cmendos Uncmumyma kamanusa CO PAH, npednasnayennwix 01a
Mecmupo8anus Kamaiu3amopos cuopo2eHU3aYUOHHbIX NPOYeccos Heghmenepepadbomru — pa3iuyHbIX 6APUAHINOE
2UOPOOUUCIKU, SUOPOKPEKUHeA, 2UOPOdenapaguHu3ayul, 0ecudpupo8arus — CneyualbHo npeoHasHaA4eHHbIX 015
pabomwl 8 YCI0BUAX, MAKCUMATLHO NPUOIUNHCEHHBIX K YCIO0BUAM HPOMBIULEHHBIX YCIMAHOBOK. Hlcnonv3ytomces
peanbhblie NPOMbIUIIEHHbIE 2PAHYIbL KAMAIU3AMOPO8, nepepadbamuiéaomcs iobvie 8apuUaHmol y21e8000po0OH020
cblpbss — om 2a308, 00 gpaxyuti, evikunarowux 0o 600°C. IIpogooumcs demanvbHulll QUIUKO-XUMULECKULI AHATU3
Kamanuszamopos u onpeoensaemcs OONbUUHCMEO XaAPAKIMEePUCMUK UCXOOHO20 Y2le8000POOHO20 Cbipbs U NPOOYKIMO8
e2o nepepabomiu, Hopmupyemvix I OCT. [Ipusedervl npumepvl KaMAIUMUYECKUX MeCmo8 U Ux pe3yibmamal.
KiroueBble cj10Ba: KaTam3aTtopsl He)TenepepadOTKH U HEPTEXUMUH, THIPOOYUCTKA, THAPOKPEKHHT,
ruapoaenapahuHu3alysl, MUIOTHBIC YCTAHOBKH, TECTUPOBAHUE KaTaIU3aTOPOB, AHATMTHUYCCKUN KOHTPOJIb.
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The Technical Capabilities of Boreskov Institute of Catalysis SB RAS

and Testing Results for the Catalysts of Oil Refining and Petrochemistry

The pilot plants fleet of Boreskov Institute of Catalysis, intended for testing of hydroprocessing catalysts of oil refining
— different versions of hydrotreating, hydrocracking, hydrodewaxing, dehydrogenation — and specifically designed for
working in conditions as close as possible to the ones of the industrial units, is described. Real industrial catalysts are
used, as well as all variants of hydrocarbon feedstock are converted — firom gases to fractions boiling up to 700°C.
The detailed physico-chemical analysis of catalysts is carried out with determination of most GOST characteristics of
initial hydrocarbon feedstock and products. Examples of catalytic tests and their results are given.

Key words: oil refining and petrochemical catalysts, hydrotreating, hydrocracking, hydrodewaxing,

pilot plants, catalyst testing, analytical control.
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IlepcnekTHBBI pA3BUTHS TEXHOJIOTHH CHHTE3a U MPHMEHEHUs] MACCHBHBIX TPaHyJIMPOBAHHBIX KaTAJIN3aTOPOB
B Mponeccax ruApooYHCTKH

B cmamve npeocmasnen 0630p cogpemennvix menoeHyull u nepcReKmu pazgumusi MmexHoI02UY cunmesa
6bICOKOAKMUBHBIX MACCUBHBIX SPAHYIUPOSAHHBIX KAMATUZAMOPO8, 4 MAKICE UX NPUMEHEHUS 8 NPoYeccax 2iyOoKou

eudpoouucmku He¢m}moeo CblpPbAl. Ocoboe snumanue ydeﬂﬂemc;z CuUrnmesy OKCUOHbIX npedwecmeeHHukoe MACCUBHBIX



NiMo(W)-kamanuzamopos, pecyruposanuio Mopghorocuu uacmuy npeouecmeerHuKd, e2o XUMU4ecko2o u pazo602o0
cocmasa. OmoenvHoe 6HUMAHUE YOELEHO 803MONCHOCHIAM NOLYYEHUS SPAHYIUPOBAHHBIX 00PA3YOE MACCUBHBIX
KAmaauzamopos u 3a8UCUMOCMAM BIUAHUS YCL0BULL 2DAHYIUPOBAHUS HA CBOUCMBA NOIYYaeMbIX 00pa3yos. Ilomumo
amozo, obcyircoaemcs npobarema aKkmueUpPOBaHUs 2PaHYIUPOBAHHBIX MACCUBHBIX KAMANUZAMOPO8, OCYUeCMEIIAemcsl
NOUCK 83AUMOCEA3ell YCI08UIL CYTbHUOUPOSAHUS C PopMUpOanuem akmusno2o komnonenma. Coenan 661600 0 mom,
YMo MAccusHble Kamanu3amopbsl AGNA0MCA O0CMYNHOU albMepHAMUEOl HaHeCeHHbIM Kamaiu3amopam
2UOpoouUCcmKuY, obecneuusaioweli noiyieHue coomeemcmayouWux HecmkumM cmanoapmam Kaiecmea MOMOPHLIX
MONIUS C YIbMPAHUIKUM COOEPIHCAHUEM 2eMePOamOMO8.

KawueBble c1oBa: THIPOOYNCTKA, MacCUBHBIE KaTann3aTopbl, NiMo(W)-kaTaan3aTopsl, THAPUPOBAHUE.
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Prospects for the development of Synthesis Technology and the Application

of Bulk Granular Catalysts in Hydrotreating Processes

This article provides an overview of current trends and future prospects in the synthesis of highly active bulk granular
catalysts, as well as their application in the deep hydroprocessing of crude oil. Particular attention is paid to the
synthesis of oxide precursors for bulk NiMo(W) catalysts, the control of precursor particle morphology, and its
chemical and phase composition. Special attention is given to the possibilities of producing granular samples of bulk
catalysts and the relationships between granulation conditions and the properties of the resulting samples. In
addition, the problem of activating granular bulk catalysts is discussed, and a search is conducted for correlations
between sulfidation conditions and the formation of the active component. A comparison of bulk catalysts with
traditional coated systems is also considered, along with the reasons for the use of bulk systems in petroleum refining
processes. It has been concluded that bulk catalysts are a viable alternative to supported hydrotreating catalysts,
enabling the production of motor fuels with ultra-low heteroatom content that meet stringent quality standards.
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