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®dopmupoBanue $a3oBOro cOCTABa MHOFOKOMIOHEHTHOI'0 KATAJIHU3aTOPA OKHCJINTEILHOT0 AMMOHOJIM3a
MponujIeHa

Memooamu mepmoepapuu, coemeujenHol co CKAHUPYIOWEU Kalopumempuei, mepmooecopoyuu u
penmeenohaz06020 aHanu3a in situ ObLIU UCCAEA08AHbI (PaA308ble NPEEPALEHUsl, NPOMEKAIoWUe NPU NPOKATKe
MHO20KOMNOHEHMHO20 KAMAIU3amopa OKUCIUMENIbH020 AMMOHOIU3A NPONULEHA 8 AKPUIOHUMPUTL. Y CmMaHo81eHa
nocied08amenbHOCHb QOpMUPoBarUs haz Moauboamos 08yx- u mpexeaieHmuolx kamuonos: MMoQOqs (M = Ni, Mg) u
M>(MoO4)s (M = Fe, Ce).

KioueBble c10Ba: aKpWIOHATPUII, OKUCIUTENBHBII aMMOHOJIN3 IPONIIICHA, (pa30BbI COCTAB,
MHOTOKOMITOHEHTHBIH OKCH/HBIA KaTalln3aTop, MOJIUOIATHI IBYX H TPEXBaJCHTHBIX KATHOHOB.

DOI: 10.32935/0023-1169-2025-651-5-4-8

Ye. V. Gorbacheva', S. E. Kuznetsov’, O. P. Borisova®, B. D. Korenkov', V. M. Bondareva®,
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*G.K. Boreskov Institute of Catalysis of Siberian Branch of RAS, the city of Novosibirsk

Development of Phase Composition of a Multicomponent Catalyst of Oxidative Ammonolysis of Propylene
Thermography methods combined with scanning calorimetry, thermal desorption, and X-ray phase analysis in situ
have been used to study phase transformations occurring during the calcination of a multicomponent catalyst of
oxidative ammonolysis of propylene into acrylonitrile. The sequence of formation of molybdates phases of two- and
three - valence cations has been established:

MMoOs (M = Ni, Mg) and M2(MoQy)3 (M = Fe, Ce).

Key words: acrylonitrile, propylene ammoxidation, phase composition, multicomponent oxide catalyst,

molybdates of 2- and 3-valent cations.
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Hccnedosanue KOMROZUWUOHHBIX MAMEPUAL08 HA OCHOGE YMOPONIACHA 0151 U320MOGEHUA HOPUIHEEBIX KoTley
KoMnpeccopos

Buibop onmumansbnoeo KOMROZUYUOHHO20 NOTUMEPHO20 MAMEPUANA OISl U320MOBIEHUSI NOPUHEBLIX KOJley
onpedensemcst npedcoe 8ce20 YCI08UAMU padbomuvl OAHHBIX Oemanell Ha NPOMAICEHUU OTUTNETbHO20 8PeMeHU
axenayamayuu (8 000 u), ocnoenviMu U3 Komopuix sgsgiomes: memnepamypa (115 °C), cpeda skennyamayuu (azom,
6000p00) u pabouee oasrenue. Baxcnvimu kpumepusmu 6b100pa Mamepuana 0isi NOPUHEBLIX KONeY SAGIAONCA:
mpubonozuieckue cgoucmea (Kodgh@uyuenm mpenus u UsHOCOCMOUKOCMb), MEXAHUYEeCKUe XapaKmepUcmuxky u
memnepamypubvie (CmpyKmypHo-ghazo6as cmaduIbHOCMb NPU HAzpese 8 UHMepEale MeMnepamypbl SKCHIYamayuiL)
napamempul. OOHAKO, npu 8bIO0Pe MamepuaLa Kpome SKCNIYamayuoHHbIX NAPAMEMPO8 HEMANOBANCHBIMU
Kpumepusmu s6sii0mes IKOHOMU4eCKue U mexHoL02UYecKue Xapakmepucmuxu (Kayecmseo mamepuand,
CMadUuILHOCMb MEXHOIOZULECKO20 NPOYecca NPOU3800CMEd, CMOUMOCTb KOMIOZUYUOHHO20 NOTUMEPHOZO0
Mamepuana).

Ki1roueBbie €j10Ba: KOMIIO3UIIMOHHBIC TIOJIMMEPHBIC MATEPHAITBI, (PTOPOIIACTOBAS MATPHIIA, HATIOJTHUTEb,
YIIepOJHOE BOJIOKHO, OpOH3a, AUCYIb(u MonudaeHa, rpaduT, Ko3QGUIHEeHT TpeHus, H3HOC,

MHUKPOTBEPIOCTD, IIEPOXOBATOCTh, MEXaHUYCCKHE CBONCTBA.

DOI: 10.32935/0023-1169-2025-651-5-9-15

M.R. Usmanov', A.V. Andreev', E.V.Stepanov %, O.B. Berdnik'?, I.N. Tsareva 3, L.A.Krivina 3

"Lukoil — Engineering Skills and Competences (LINK),

Nizhny Novgorod State Technical University n.a. R.E. Alekseev,

*Institute of Mechanical Engineering Problems - branch of the FSBSI FRC Institute of Applied Physics n. a. A.V.
Gaponov-Grekhov RAS (IPM RAS), Nizhny Novgorod

Research of Composite Materials Based on Fluoroplast for the Manufacture of Piston Rings of Compressors
The choice of the optimal composite polymer material for the manufacture of piston rings is determined primarily by
the operating conditions of these parts over a long period of operation (8 000 hours), the main of which are:
temperature (115°C), operating environment (nitrogen, hydrogen) and operating pressures. Important criteria for
choosing a material for piston rings are: tribological properties (coefficient of friction and wear resistance),
mechanical characteristics and temperature (structural and phase stability when heated in the range of operating
temperature) parameters. However, when choosing a material, in addition to operational parameters, important
criteria are economic and technological characteristics (material quality, stability of the manufacturing process, cost
of composite polymer material).

Key words: composite polymer materials, fluoroplastic matrix, filler, carbon fiber, bronze, molybdenum disulfide,

graphite, coefficient of friction, wear, microhardness, roughness, mechanical properties.

C. A. Kypoanoes, E. A. /lemuoos, C. E. I'opakun, M. C. llapamonos
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3aMKHYTBIH UK/ NOBbILIEHUS HaJAe:xKkHOCTH: CHHEPrusi CMCTeM NPeJUKTUBHONH AHAJTMTHKHU

¥ BUOPOAMATHOCTHKH B HedTenepepadaThIBaoIIeil oTpacu



B cmamve paccmampusaemces konyenyusi «3aMKHYMO20 YUKIA NOBLIUEHUS HAOEIHCHOCTUY MEXHOI02UYECKO20
060pydosanus Hegpmenepepabamvl8aOWUX U HehmexumMuieckux npeoOnpusmull Ha OCHO8e UHMe2payuu CUCmem
BUOPOOUASHOCMUKU U NPEOUKMUBHOU aHATumuKY. ONucvl8aemcs aneopumm CHUNCeHUs. BHeNIAHOBbIX NPOCMOEs U
ONMUMU3AYUU 3aMPam HA peMOHM OUHAMUYECKUX azpe2amos. [Ipakmuueckas 3HAUUMOCMb NOOMBEPIHCOAEMCs
CHUICEHUEM 00U ABAPUTIHBIX OCMAHOBOB.

KioueBble cj10Ba: TTOBBIIICHUE HA/ICKHOCTH, TPETUKTHBHAS aHAINTHKA, BUOPOJMAarHOCTHKA, HHTETPAIUSI CUCTEM,
3aMKHYTBIH [IMKJI, MAIIMHHOE 00Yy4eHHE, HIUTMITUYECKHN KOHBEPT.

DOI: 10.32935/0023-1169-2025-651-5-16-19

S. A. Kurbanov, E. A. Demidov, S. E. Goryakin, M. S. Paramonov
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Closed Reliability Improvement Loop: Synergy of Predictive Analytics and Vibration Diagnostics Systems in
the Oil Refining Industry

The article examines the concept of the «closed reliability improvement loop» for technological equipment at oil
refineries based on the integration of vibration diagnostics and predictive analytics systems. It describes the necessity
of reducing unplanned downtime and optimizing repair costs for dynamic units. The practical significance is
confirmed by a reduction in emergency downtime.

Key words: reliability improvement, predictive analytics, vibration diagnostics, system integration, closed loop,

machine learning, elliptic envelope.
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N3yyenne akTHBHOCTH pPereHEPUPOBAHHOIO KATAJIH3ATOPA TMIPOKPEKUHTIa

BAKYYMHOI'0 I'a3o0iijist

B cmamue npedcmasnensi pe3ynomamol UCC1e008aHUA BIUAHUA OKUCTUTNENbHOU peceHepayull e peakmopda

Ha KamanumuyecKkue c8oCmed 0e3aKmusupo8aHHo20 KAMaiu3amopa 2u0poOKpeKuH2a 8aKyymMHo20 ea3ollis.
Pezenepayus nposoounace npu memnepamype 0o 450°C ¢ ucnonvzosanuem 08yx munos neyeii. KOH8eluepHol

8 MOHKOM Clloe De3 nepemeuu8anus yacmuy u epawjarowelica bapabanHou. Anaius nokazai npakmuyecku NoaHoe
yoaneHue yanepood u cepvl U3 Kamaiuzamopa, a maxdice COXpaneHue y0eibHOU HOBEPXHOCMU, NPOYHOCTNU SDAHYI,
Kamanumu4eckou aKmueHOCMU U CEeLeKMUBHOCMU, He3d8UCUMO O MUNA UCnoIb3yemozo obopyodosanus. CpagueHue
Kamaiumu4eckux XapaKmepucmuk C8encezo U peceHepuposantHo20 Kamaiu3amopa Gblasunio CHUMCeHue akmusHoCmu
pezenepuposanuvlx 0opasyos. Ha ocHosanuu noayuenHsix OaHHbIX COENaH 861800 0 Yeeco0dpaA3HOCMU
UCTIONIb308AHUS PE2EHEPUPOBAHHO20 KAMAIUIAMOPA 015 NIAHOBOU 3AMeHblL 0e3AKMUBUPOBAHHOR0, YUUMbIEAS
COXpaHeHUe e20 OCHOBHbIX IKCNILYAMAYUOHHBIX XAPAKIMEPUCUK.

KioueBble ci10Ba: KaTalTu3aTop THAPOKPEKUHTA, pereHepaLusl, KaTAINTHYeCKast aKTHBHOCTb, CEJICKTUBHOCTb.

DOI: 10.32935/0023-1169-2025-651-5-20-23



M.R. Usmanov', S.F. Valeev', V.V. Grishin', V.B. Harlamov', . M. Sutyrin', A.A. Pashevkin', O.A. Sherstnev',
M.V. Zheleznov', S.E. Spiridonov', A.V. Zhuravlev’, E.F. Dyachenko?®, V.G. Radkovskii’
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Study of the Activity of Regenerated Catalyst for Vacuum Gas Oil Hydrocracking

This article presents the results of a study on the effect of oxidative regeneration outside the reactor on the catalytic
properties of a vacuum gas oil hydrocracking catalyst. Regeneration was carried out at a temperature no higher than
450°C using two types of furnaces: a “conveyor” furnace (thin layer without mixing catalyst particles) and a rotating
drum furnace. It was shown that almost complete removal of carbon and sulfur is achieved, and properties of the
regenerated catalysts such as specific surface area, granule strength, catalytic activity, and selectivity do not depend
on the type of regeneration equipment used. The activity of the regenerated catalysts is lower than that of the fresh
catalyst. Based on the study results, a conclusion was made that the regenerated catalyst can be used to replace the
deactivated catalyst.

Key words: hydrocracking catalyst, regeneration, catalytic activity, selectivity.

A. C. Hyscuwnit, E. H. Jleguenko, b. M. Yemanos, A. A. Konuun

000 «Jlykoiin — Mmxenepubie Haseikn u Kommnerenmumy (JIMHK)

anton.nuzhnyy@lukoil.com

IpumeHeHUe HelipoceTeBBIX TEXHOJIOTHI IUIsl MPOTHO3HPOBAHMS U ONITUMH3AIMU MAPKHHAIbHOCTH
NMPOM3BOACTBEHHOI0 00beKTa Ha MpUMepe YCTAHOBKH IIy00Ko¥#i nepepadoTkn HepTH

B pabome uccaedyemcs npobiema nogvlulerUst MapIACUHATILHOCIU YCIMAHOBKU 2TYO0KOU nepepabomxu Heghmu,

3a cyem 6HeOPEHUsL 8 NPOYECC YNPABieHUs 00beKMoM NPOPaAMMbL NOOOEPIHCKU npuHamus pewtenus. IIpunyun
Pabomvl NPOSPAMMbL 3AKTI0UACMCS 8 NOCPOEHUU NPeOUKMUBHOLU Mooeau, npedckasvieaioujell 6y0yuyio
MAPACUHATILHOCb YCMAHOBKU U NOCIedVIouem noobope 3HaueHUll YRPAIsiowux 86030eUcmeutl, npueoOIuux K
HauboabUWeEMY 3HAUEHUIO NPOSHO3HOU Mapoicunanviocmu. IT100X00 K nOCmMpoenuro npocHO3a MAPAICUHATLHOCTIU
OCHOBbIBAECMCSL HA 00YYeHUU Hellpocemegoti Moodenu. [JeMOHCmpupyemcs CoCmosmenbHoCmy O0AHHO20 N00X00d HA
npumepe yCcmaHnoeKuy 2uopokpexunea 2yopoua. Ilpediazaemvle npocpammoii pekoMeHOayul Co2nACYIOMcs ¢ MHeHUeM
aKCcnepmos. IkoHomuueckuil gpgexm om ee sHedpeHus: ObLL NOOMBEEPIHCOCH 8 X00e NPOBEOCHUSI ONbIMHO-
NPOMbBLULTIEHHO20 npobeea.

KioueBnble ciioBa: MmammHHOe o0yuenue, RNN, 3a1a4a onTUMaIEHOTO yIPABICHUS, MapKHHAIBHOCTb.
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The Neural Network Technologies Utilization for Forecasting and Optimizing the Economic Efficiency of a
Production Facility Using the Example of a Deep Oil Refining Installation

The paper discusses the problem of increasing the economic efficiency of a deep oil refining unit. Efficiency is

increased by introducing a decision support program into the installation management process. The principle of the



program is to build a predictive model that predicts the future economic efficiency of the installation and then select
the values of control actions that lead to the highest value of predictive efficiency. The approach to forecasting
economic efficiency is based on neural network model. The validity of this approach is demonstrated by the example
of a tar hydrocracking installation. The recommendations proposed by the program are consistent with the opinion of
experts. The economic effect of its implementation was confirmed during the pilot industrial run.

Key words: machine learning, RNN, optimal control problem, marginality.
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IlepcnekTHBBI PHIHKA ABHATOIIMB C HU3KHM YIJIEPOAHBIM CJI€/I0M

U moTeHmuaJ s poccuiickux HII3

B pabome npedcmasnen akmyanvhulii 0630p meKywux u nepcnekmuHblx mpebosanull K aguanepeso3iuKam u
npoU3B00UMENIM MONAUG 05 BO30VULHBIX CYO08, OYEHEHO GIUAHUE HOPMAMUBHO-NPABOBO20 PECyIUPOBANUS

6 MeANCOYHAPOOHOM U PESUOHATLHOM MACUMAadax Ha OANAHC PbIHKA A8UAKEPOCUHA U e20 anbmepHamus. [Ipogeden
CPABHUMENLHBIL AHANU3Z COBPEMEHHBIX THEXHONIOSUL U CHOCOD08 NOTYYEHUs YCIMOUYUBO20 U HU3KOY2NEPOOHO20
ABUAYUOHHBIX MONIUE, PACCMOMPEHBL IKOHOMUYECKUE U IKOIOSUUECKUE ACNEeKMbl, COeNaHbl 8b1600bl

0 NPUMEHUMOCU PA3IUYHBIX MEXHONI02UI U Peanu3yemMocmu npoekmos npouzgoocmea SAF, oana kpamkas cnpaska
0 sbinoaHsAEMbIX pabomax 6 Komnanuu no 0aHHOMY HANPAGIEHUIO.

KiroueBble cjioBa: ycToHUMBOE aBUallMOHHOE TOILTNBO, SAF, aBuakepocus, yrinepoanslii cien, LCAF, BeiOpoch
YIJIEKUCIIOTO Ta3a, JeKapOOHU3aIHsL.
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Sustainable Aviation Fuels Market Trends and Potential for Russian Refineries

The article provides an updated review of current and prospective requirements for air transportation companies and
aircraft fuel producers, assesses the impact of international and regional regulations on the balance of the jet fuel
market and its alternatives. A comparative analysis of advanced technologies and methods of production of
sustainable and low-carbon aviation fuels is provided, economic and environmental aspects were considered,
conclusions are presented on the applicability of various technologies and feasibility of SAF production projects, and
a brief summary of the Company's activities in this area is presented in the article.

Key words: sustainable aviation fuel, SAF, LCAF, jet fuel, carbon footprint, CO: emissions, decarbonization.
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IIpakTiKa NpuMeHeHNs1 COBPEeMEHHBIX CHCTEM YNPaBJIeHUS MPOEKTAMH NPH CTPOUTEIHLCTBE 00HEKTOB
He)TeXMMHYeCKOH NPOMBIILIEHHOCTH

B cmamuve npogedén ananus s¢pgpexmuenoco sHeOpeHUs COBPEMEHHbIX CUCTeM YAPAGIeHUs NPOEeKMAMU HAd OCHO8E
yughposuzayuu npoyeccos. Ipu smom oocmuzaemcs npeyusuoHHOCMb NAAHUPOBAHUS 30 CUen NPUMEHEHUs
AHATUMUYECKUX UHCIMPYMEHMAapues, MUHUMU3AYUU PUCK-PAKMOPOE U OUHAMUKY NPUHAMUS YNPAGILeHUeCKUX
pewenuil. Cmambs makdice 3ampazueaem nepcnekmusHoe pazeumue Cucmem 6 y2uyoneHuy KOHmpos U aHaiuse
OGHHBIX 6 pedicuMe PednbHO20 6peMeHU Ha CMPOUMENbHOU NIOWAOKe C UCNONb306AHUEM PEMPOCNEKMUEHBIX OAHHbIX.
KuoueBble ciioBa: yrpaBieHHe HHBECTUIIMOHHBIMU IIPOSKTAMH, KOPIIOPATUBHBEIE HH(POPMAIIMOHHBIE CHCTEMBI
ynpaBiieHHs IPOEKTaMU, HU(PpoBas TpaHcopMalys, HHTErpalus ¢ APYTUMUA KOPIIOPaTUBHBIMHA CHCTEMaMHt, MacTep-
cucreMa, 1anoop.
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Modern Project Management Systems’ Application Practice

in Petrochemical Industry Facilities’ Construction

The article analyzes the effective implementation of modern project management systems based on the processes’
digitalization. Advantages: achieving planning precision through the use of analytical tools, minimizing risk factors
and dynamics of management decision-making. The article also touches on the promising development of systems in
deepening real-time data monitoring and analysis at the construction site using historical data.

Key words: investment project management, corporate project management information systems, digital

transformation, integration with other corporate systems, master system, dashboard.
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YcneurHblii ONbIT 10 MOJAEPHU3AIMHA JJUHUH 0YHCTKA MOHOMEPOB Ha NPeANPUATHH

rpynnsi komnauuii JYKOMJI

Iloopobrno paccmompena npobremamura HAIUYUsL KAMAIUMUYEeCKUX 1008 U MUKpOnpuUMecell 8 HOMOKax
Hegmexumuieckux npou3eo0Cms, 8 YaCMHOCMU, 8 Cbipbe NPOU3BOOCTNE NONUIMUNLEHA U NOTUNPORULEHA, d MAKHCE 8
Cblpbe NPOU3B00CHE Opy2Ux NPOOYKMO8 OP2AHUYECK020 U Hedhmexumuyeckoeo cunmesa. Ilpedcmasnensvt memoowl
MOOepHU3ayUY TUHULL OYUCHOK MOHOMEPOS OM KAMAIUMULECKUX 008 U MUKPONpUMeCel Had NPUMEPAX YCReUWHO20
6HeOpeHUs mexHudeckux peuteHuii u npoodykmoeg komnanuu OO0 «FOKTy coemecmno co cheyuarucmamuy KOMnauuu
JIVKOMUJT na npeonpusmusx zpynnot komnanuu JIYKOHII.

KaroueBsble c1oBa: 04nCcTKa, MOHOMEPHI, TOJUATHIICH, OJUIPONIIIEH, KAaTATUTUYECKHUE SIIBI.
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Successful Experience in the Monomer Cleaning Lines’ Modernization

at the Enterprise of LUKOIL Group Companies

The problem of presence of catalytic poisons and microimpurities in petrochemical production flows, in particular, in
the feedstock of polyethylene and polypropylene production, as well as in the feedstock for production of other
organic and petrochemical synthesis products, is reviewed in detail. Methods for modernization of monomer cleaning
lines from catalytic poisons and microimpurities are presented using examples of successful implementation of YUST
LLC technical solutions and products together with LUKOIL specialists at LUKOIL Group enterprises.

Key words: cleaning, monomers, polyethylene, polypropylene, catalytic poisons.
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HccnenoBanne CTpYKTYPHO-XMMHYECKUX 0COOEHHOCTEH ChIPbSl M NPOAYKTOB BUCOPEKHHIa

C IPUMEHEeHHEM CIIEKTPOCKOINHI

B pabome uccnedosarno cvipve dns npoyecca sucobpexunea — negpmsamvie OCMAMKU 8bICOKOCMONUCMBIX Hemell,
obnadarougue HUSKUM COOepaIcanuem cepvl ¢ npumerenuem memooos UK- u IIMP-cnexmpockonuu. [lpogeeden ananus
00pa3y08 Coipbsl U NPOOYKMOB NPoyecca 8UCOpeKunea ¢ UCNOIb308AHUEM UHCTNPYMEHMANbHLIX Memo0os [IMP u UK-
Dypve cnexmpockonuu. Tloxazano, umo gce uzyueHHvle 0OCMAmMKU AGAIOMCs blcokonapagurnucmuimu. « Cpeoruey
MOAEKYIbL IMUX OCHMAMKO8 XAPAKMEPUYIOMCSL HeOOIbUUM YUCTIOM APOMAMULECKUX KOAeY ¢ ONUHHLIMU ATKUTbHBIMU
3amecmumensmu, 8 KOMOPLIX YUCIO AmMOMO8 yerepoda docmueaem 8. SHayumenbHoe KOIu4ecmeo AlKULbHbIX Yenoyex
6 MOJLEKYIax OUCNEPCHOU a3zbl ac@anrbmo-cCMOIUCTHBIX BeUjeCmE CROCOOCMBYem HU3KOU CIMAOUTLHOCIU CHIPbSL U
ocmamiog sucopexurea. Mccnedosanue colpbsi U 0CMamKos UcOpeKunea noKazvleaem ygeauyenue KOHyeHmpayuu
NapamMacHUmMHbIX YeHMpPos8 8 OCMAMKAX BUCOPEKUHed NO CPABHEHUIO ¢ UCXOOHBIM 2YOpoHOM. Pe3ynomamoi
NPOBEOEHHBIX UCCIeO08AHUL MO2YM DbIMb UCNONb308AHbL 0151 86100PA IPHEKMUBHBIX MEMOO08 U ONMUMATLHBIX
VC0BULL peanu3ayu nPoYecca 8UCOPeKUnea U ROO20MOBKU KOMENbHbIX MONIUS, CEI3AHHBIX ¢ NEPEPAbOmMKOL
6bICOKOBSZKUX U NAPADUHUCTBIX Hepmell HA OMeyYeCmBeHHbIX He(menepepadbamvl8aouux 3a600a0X.

KioueBble ciioBa: mnporiecc BUcOpekuHra, gaktop cradminsHocTH, UK-Dyphbe ciekTpockomnus, Ty ApoH,
3JIEKTPOHHBIN NTapaMarHUTHBIA PE30HAHC, MPOTOHHBIN MapaMarHUTHBIN PE30HAHC.
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Ufa State Petroleum Technological University

Investigation of the Structural and Chemical Characteristics of Raw Materials

and Visbreaking Products Using Spectroscopy

The feedstock for visbreaking process — oil residues of highly resinous crude oils with low sulfur content have been
reviewed in this study using IR and proton magnetic resonance spectroscopy. The feedstock samples and visbreaking
products have been analyzed using proton magnetic resonance spectroscopy and Fourier-transform infrared
spectroscopy. It has been shown that all the studied residues are highly paraffinic. The "medium" molecules of these
residues are characterized by a small number of aromatic rings, with 3-6 long alkyl substituents in which the number
of carbon atoms reaches 8. The presence of a significant amount of alkyl chains in the molecules of the dispersed
phase of asphalt-resinous substances contributes to a low stability of the feedstock and visbreaking residue. The study
of the feedstock and visbreaking residues shows an increase in the paramagnetic centers concentration

in the visbreaking residues compared to the original vacuum residue. The results of the performed research can be
used to select efficient methods and optimal conditions for implementation of the visbreaking process and preparation
of boiler fuels associated with processing of high viscous and paraffinic crude oils at domestic refineries.

Key words: visbreaking process, stability factor, Fourier-transform infrared spectroscopy, vacuum residue,

electron paramagnetic resonance, proton paramagnetic resonance.
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HccaenoBanue mpouecca Me;KMOJIEKYJISIPHOTO B3aMMO/IEiCTBHSA CJ0KHBIX CTPYKTYPHBIX €IMHHUL CHIPbS H
NMPOIYKTOB BUCOpPEKHHTa

B pabome usyuenvt 63aumocessu mexicoy hakmopom cmaduibHOCHU Cblpbsi BPOOYKIMO8 NPOYecca sUCOpexunea
napaguuucmou He@pmu ¢ JHepeuels MeHCMONEKYIAPHO2O 3AUMOOEICTNBUS], KOMOPAsl, CO2NACHO KUHETNUYECKOU Meopuu
AHCUOKOCIEL, OYEHUBACTNCSL Hepe3 IHEP2UI0 aKmusayuu 813k020 meyenus. [lokasana 603modcHOCmMb Onpedenenus
9HepeUuLU aKmueayul no pehpaKxmomMempuiecKum XapaKkmepucmukam napagunucmeix cpeo. Iloxaszana 63aumocessy
IHEPIULU MENHCMONEKYTAPHO20 83AUMOOCCTNEUSL HEPMAHBIX OUCNEPCHBIX CUCTHEM C KOHYeHmpayuel napagpuHos 8
cpede. Ycmanosneno enusiiue Ha pakxmop cmabuivhocmu u 0bweeo nomenyuanviozo ocaoxa (OI10) coipbs u
NPOOYKMO8 8UCOPEKUHEA CLeOVIOUWUX NOKA3AMeNell: IHePSUU MEHCMONLEKVAAPHO20 83aUMO0elCcmEUs HepmAHbIX
oucnepcuvix cucmem (HIC), cooeporcanus acanomo-cmorucmoix euyecms, apomamudeckux u napagpuno-
HaghmeHo8bIxX y21e8000p0008. Beedenue sakyymmozo 2azoiins, codepxcawezo 0o 30—40% mac. apomamuueckux
1271e6000p0008, CHOCOOCMEYem CIAOUIU3AYUY NPOOYKINOE BUCOPEKUH2A 30 CYem YEeTUYEeHUs SHEPSUU
83AUMOOEUCMBUSL CJLONCHBIX CIPYKMYPHBIX eOunuy. Tlokazana 63aumoces3s SHep2uu MeHCMONEKYIAPHO20
szaumooeticmsus H/[C ¢ OI1O u pakmopom cmabunvnocmu u napagunos. C pocmom sHepeuu MeiCMOoneKyIapHO20
83auM0o0elicmaus 0oLl NOMEHYUANLHBII OCAOOK YMEHbUAEM s U CIAOUTIbHOCHb KOLLOUOHOU CUCEMbl

6o3pacmaem.



KiioueBble ¢j10Ba: OCTaTOK BUCOPEKUHTA, KHHEMATUYECKas BA3KOCTh, SHEPTHSI MEKMOJICKYIIPHOTO
B3aUMOJICHCTBHSI, COIEPKAHUE YTIICBOIOPOAOB, (PaKTOp CTAOMILHOCTH, OOIIHN MTOTCHIIMAILHEBIN 0CaOK.
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Investigation of the Intermolecular Interaction of Complex Structural Units

of Raw Materials and Visbreaking Products

The aim of the work is to study the relationship between the stability factors of the raw materials of the products of the
paraffin oil visbreaking process and the energy of intermolecular interaction, which, according to the kinetic theory of
liquids, is estimated through the activation energy of a viscous flow. The paper also shows the possibility of
determining the activation energy based on the refractometric characteristics of paraffin media. The relationship
between the influence of the following indicators on the stability factor of raw materials and visbreaking products has
been established: the energy of intermolecular interaction of petroleum dispersed systems. The influence of the
following indicators on the stability and total potential precipitation (TPO) factor of raw materials and visbreaking
products has been established: the energy of intermolecular interaction of petroleum dispersed systems, the content of
asphalt-resinous substances, aromatic and paraffin-naphthenic hydrocarbons. Containing a significant amount of
paraffin-naphthenic hydrocarbons, with a decrease in the amount of which the stability of the residue increases.

In addition, the introduction of vacuum gas oil containing up to 30-40% by weight. aromatic hydrocarbons,
contributes to the stabilization of visbreaking products by increasing the energy interaction with them. The
relationship between the energy of the intermolecular interaction of VAT with TPO and the stability factor is shown
and paraffins. As the intermolecular interaction energy increases, the total potential precipitation decreases and the
stability of the colloidal system increases.

Key words: cvisbreaking residue, kinematic viscosity, intermolecular interaction energy, hydrocarbon content,

stability factor, total potential precipitation.
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OnbIT HCHOJIB30BAHUSA POCCHIICKOM KATATUTUYECKOH CHCTEMbI HA YCTAHOBKeE

THIPOKPEKUHTa BAKYYMHOT0 Ta30iJisi

Onucanvl pe3yiomamol NPUMEHeHUs. Hd 00HOM U3 POCCULICKUX He(hmenepepadamvl8aoumux 3460008 epynnbvl

«JIYKOUJI» kamanumuueckol cucmemuvl poCCUNICKO20 NPOU3BOOCMEA, GKAIOUAS KAMATUZAMOP SUOPOOYUCTIKU,



2UOpPOKpexuHea u eudpoguuumunea. Iloxasano, umo omeuecmeenHas KAMAIUMUIECKAs CUCMEMA NO360.1em
IKCHILYAMUPOBAMb PEaKmopbvl npu 6oee HU3KUX MeMnepamypax ¢ KOHgepcuel U ceneKmusHoCmo10 OIu3Ko no
SHAUeHUsAM O/ TUYEH3UOHHOU Kamaiumudeckoli cucmemsl. Kavecmeo nenpespawennoeo ocmama u ¢opaxyuu 150—
3600C, gvipabamvieaemblix Ha OMEYECMBEHHBIX KAMAIUZAMOPAX, NPEEOCXOOUNIO KAYECHE0

SMUX NPOOYKMOE NPU IKCHILYaAMayull TUYeH3UOHHOU Kamaiumu4eckol cucmemsl. Bvicokas akmusHocms poccutickozo
Kamanau3amopos no3601uila 0OCyuecmsums KOMOUHUPOBAHHYIO 3a2PY3KY PeaKmopa 2UOPOKPEKUH2a ¢ UCNONb308aAHUEM
50% pecenepuposannozo MuYeH3UOHHO20 KAMAIUZAMOPA, YMO 3HAYUMENbHO COKPAMUIIO 3aMPanibl

Ha nepezpy3Ky Kamanuzamopos.

KuroueBsble c10Ba: KaTalIn3aTop THAPOKPEKUHTa, KATATUTHYECKAs! aKTUBHOCTD, CEJIEKTUBHOCT,

pereHepupoOBaHHBIN KaTaau3aTop.
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Experience of Using a Russian Catalytic System at a Vacuum Gasoil Hydrocracking Unit

The results of the application of a domestic-made catalytic system, including a catalyst for hydrotreating,
hydrocracking and hydrofinishing, are described one of the Russian oil refineries of the LUKOIL group. It is shown
that the domestic catalytic system makes it possible to operate reactors at lower temperatures with conversion and
selectivity close to that of the licensed catalytic system. The quality of the unconverted residue and the 150-360 °C
fraction produced on domestic catalysts exceeded the quality of these products during the operation of a licensed
catalytic system. The high activity of domestic catalysts made it possible to carry out a combined loading of the
hydrocracking reactor using 50% of the regenerated licensed catalyst, which significantly reduced

the cost of overloading the catalysts.

Key words: hydrocracking catalyst, regeneration, catalytic activity, selectivity.
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