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C. A. Aumonoe'?, A. H. Mameeesa'?, H. A. Ilponuenxos'?, P. B. Bapmko',

I1. A. Hukynowun'?, A. I0. Kunaxoea?, A. B. I'epacumoé’

'AO «Bcepoccuiickuii Hay9HO-HCCIEN0BATENLCKMI HHCTUTYT MO IepepadboTke He(TH»,

2PI'Y medru 1 raza (HUY) umenn U. M. I'yOkuna,

3000 «Spocnasckuit OITHM3 um. 1. . MenaeneeBa»

antonovsa@vniinp.ru

Oco0eHHOCTH XUMHYEeCKOr0 COCTaBa U CBOMCTB TsKe10il HaQTeHO-apoMaTHYeCKOoil He()TH 1 BAPMAHTHI ee
KBaTU(GUUIMPOBAHHON NepepadoTKn

B cmamve paccmompenvt ocobennocmu xumuieckoeo cocmasa u QuU3UKO-XUMUYECKUX CEOUCME MANCEN0U HADMeEHO-
apomamuyeckou Hegpmu u ee ppaxyuil. B cpasnenuu co cmecsimu 3anadHo-cubUpCKUX u camapcekux Hegmeil
msioicenasn Hepmov HAPMEHO-APOMAMUYECKO20 OCHOBAHUS XapaKmepusyemcs Oojiee GblCOKOU 653KOCbIO U
NIOMHOCHBIO, YMO CEA3AHO C GLICOKUM COOEPIUCAHUEM CMOTUCTO-ACHATLMEHOBbIX COCOUHEHUT U OMCYIMCMEUEM
Oen3unosvlx paxyuil. [uzenvHas Gpaxyus omiuiaemcs Xopouwumu HU3KOmemMnepamypHoiMu Xapaxmepucmuxkamu u
cooepaicum OOabULIOE KOTULECMBO APOMAMUYECKUX Y2ie8000P0008, NPeOCHAaBLIeHHbIX NPEUMYUeCBEHHO
MOHOYUKIUYecKkumMu cmpykmypamu. Macnausie ppaxyuu 061a0arom Xopowumu HUIKoOmemMnepamypHuLmu
XapaxmepucmuKamu, Ho XapaKxmepusyomcs HU3SKUM UHOEKCOM 8A3KOCU, YMO 00YCI081eHO GbICOKUM COOEPHCAHUEM
ROMUYUKIUYECKUX HADMEHOBLIX Yee8000P0008 € KOPOMKUMU ANKUTbHbIMU Yenimu. Ocmamox 6aKyyMHOU nepe2oHKU
NPeUMyUecmeeHHO COCMOUM U3 CMOIUCTHBIX 8EULeCE U UMeem BbICOKOe COOEPIUCAHUE MeMAlI08 (HUKelb, 8AHAOUIL).
IIpeonoosicena cxema nepepabomxu msxicenon Hepmu ¢ yeavio NOAYYeHUS YHUKATbHBIX 8blCOKOKAYECTNEEHHbIX
NPOOYKMOB: HU3KO3ACMbLBAIOUWUX THONAUE, MATOBAKUX OCHO8 DYPOBLIX PACMBOPO8, HAPMEHOBbIX MACEN PAZTUYHOU
8A3KOCMU, OUMYMA U KOKCA 8bICOKO20 KAYECMEd, a MAaKi#Ce KOHYESHMPAma HUKeas U 86aHa0usl.

KioueBble cj10Ba: HETPAIUIIMOHHOE CHIPhE, TsSHKeNas HaTeHo-apoMaTHyecKas HeTh, HU3KOTEMIIEPaTyPHbIC
XapaKTEePUCTUKHU.
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S. A. Antonov'?, A. I. Matveeva®?, I. A. Pronchenkov'’, R. V. Bartko', P. A. Nikulshin"?,

A. Yu. Kilyakova?, A.V. Gerasimov>.

'All-Russian Research Institute of Oil Refining,

Gubkin University,

3Yaroslavl Oil Refinery named after D.I. Mendeleev

Chemical Composition and Properties of Heavy Naphthenic-Aromatic Oil.

Options for its Qualified Refining

The article discusses the chemical composition and physicochemical properties of heavy naphthenic-aromatic oil and
its fractions. In comparison with mixtures of West Siberian and Samara oils, heavy oil of a naphthenic-aromatic base
is characterized by a higher viscosity and density, which is associated with a high content of resins and asphaltenes
compounds and the absence of gasoline fractions. The diesel fraction has good low-temperature characteristics and
contains a large amount of aromatic hydrocarbons, represented mainly by monocyclic structures. Oil fractions also
have good low-temperature characteristics, but are characterized by a low viscosity index, which is due to the high
content of polycyclic naphthenic hydrocarbons with short alkyl chains. The residue of vacuum distillation mainly

consists of resinous substances and has a high content of metals (nickel, vanadium). A scheme has been proposed for



refining heavy oil in order to obtain unique high-quality products: fuels with great low-temperature properties,
low-viscosity bases of drilling fluids, naphthenic oils of various viscosities, high-quality bitumen and coke, Ni, V metal
concentrate.

Key words: non-traditional raw materials, heavy naphthenic aromatic oil, low temperature characteristics.

P. @. I03myxamemosa’?, 0. H. llImenvkosa’, P. J. Bondywesckuii!, I0. A. Xam3sun',

A. A. Hlunuyvina', C. A. Aumonoe’?, I1. A. Huxynvwun®?

"' AO «BHUU HII»,

2PI'Y wedu u raza (HUY) umenn U. M. I'yGkuna

uzmuhametovarf@vniinp.ru

KpynHorpanyJmpoBaHHBI MaKPONOPUCTHI a1cCOPOEHT

JUIS aICOPOIMOHHOM OYMCTKH THAMKEJI0T0 He(PTAHOTO ChIPbS

Hccnedosan adcopbyuonuslii cnocod 0b61a2opaxicusanus HepmsaHvlx 0Cmamrkos 6e3 npumeHeHuss 6000pood

C UCNONB308AHUEM MAKPONOPUCIBIX KDYNHOSPAHYLIUPOBAHHBIX A0COPOEHMO8, 001a0aruux 8blCOKOU NPOYHOCbIO,
Maoi nIowaovio NOBEPXHOCMU U OOILUUUM 00bEMOM MAKPONOP, MOOUDUYUPOBAHHBIX PA3TUYHBIMU dobasKkamu. Jlis
NOJY4eHUst MAKPONOPUCTHOU CIPYKMYPbL ObLIU ONPOOOBAHBI MEMNIAMbL — 2YaAP08dsl KAMeOb U NapaguHo8ds.
amyavcus. Oba memniama noKa3anu 8blCOKYI0 3(phexmusHocms, 00HAKO UCHONb30BAHUE NAPADUHA NO360JIsIEem
noayuams adcopbermol ¢ Ooabuwum 0ovemom nop. llpoyecc adcopoOyUOHHO-KOHMAKMHOU OYUCMKU CbIPbS HA OCHOBE
KpPEeKUH2-0CMamKa 8UCOpeKuH2a 0becnedii CHUNCeHUue CoOepICaHus msicevlx memainos na 98%, npu smom
KOH8epcus ocmamkia, gvikunaroujezo eviue 540°C, cocmasuna 75%. A0copOyuOHHO-KOHMAKMHASL OYUCTKA

Ha KPYNHOSPAHYAUPOBAHHOM A0COpOEnme MOACem UCHOIb308aMbCA 018 NOJYHEHUS CbIpbs npoyecca 2UOPOOUUCTK,
HANPasienHo20 KaxK Ha NOAyYeHue MaioCePHUCINO20 CYO08020 MONAUBA, MAK U CHIPb KAMAIUMUYECKO20 KPEKUHSA.
KiioueBble ¢10Ba: MAaKpPOIIOPUCTHIC aICOPOCHTHI, aICOPOCHTHI, TEMIUIATHBIA CHHTE3, TSHKEI0€ HEPTIHOE ChIPhE,
He()TSHBIC OCTATKH, aICOPOIIMOHHAS OUMCTKA, IeMeTaIUTH3aIHsl, Aeac(anbTH3aImsl.

DOI: 10.32935/0023-1169-2022-632-4-9-15

R. F. Iuzmukhametova'?, O. I. Shmelkova', R. E. Boldushevskii', Yu. A. Khamzin’,

A. A. Shipitcyna’, S. A. Antonov'?, P. A. Nikulshin'?

' All-Russian Research Institute of Oil Refining, Moscow

2 Gubkin University

Macroporous Sorbents for Adsorptive Removal of Metals, Sulfur

and Non-Volatile Components from Oil Residues

Upgrading of oil residues by adsorption techniques without hydrogen using macroporous large-granular adsorbents
with high mechanical strength, a small surface area and a large volume of macropores, modified with various
additives, has been studied. To obtain a macroporous structure, templates were tested - guar gum and wax emulsion.
Both templates showed high efficiency; however, the use of wax makes it possible to obtain adsorbents with a larger
pore volume. The process of adsorptive purification of feed based on the cracked residue of visbreaking provided a

reduction of heavy metals content by 98%, while conversion of the residue boiling above 540°C was 75%. Adsorption



treatment on a grained adsorbent can be used to obtain feedstock for a hydrotreating process aimed at obtaining both
low-sulphur marine fuel and catalytic cracking feedstock.
Key words: macroporous sorbents, sorbents, templating synthesis, oil residues, adsorptive removal,

demetallization, deasphaltization.

b. II. Tymanan', H. B. Maiikoea?, B. T. I pymonos’

'PI'Y uedru u raza (HUY) umenu U. M. I'y6kuna,

2MOCKOBCKHIi aBUAIIMOHHBIA MHCTUTYT (HAallMOHAIBHBIN UCCIEN0BATENLCKIN YHUBEPCUTET)
v.grumondz@gmail.com

HoBble moaxobl K MOETHPOBAHUIO PEBPAIEHHIT B HE(PTAHBIX JUCIEPCHBIX CHCTEMAX B YCJIOBHAX
NMy3bIPbKOBOW KAaBUTAIMHI

Ha ocnose psioa npeononosiceruti nocmpoena npubIuUNCeHHAsE MAMEMAMUYecKas MOOelb NPeodpaz08aHUs HCUOKUX
Y271e8000POOHBIX CPEO NOO GAUAHUEM DUSUKO-XUMUYECKUX S8NEeHUL, NPOUCXO0OAWUX HA epanuyax ¢as u npu pazoevlx
nepexo0ax 8 yCiosusx ny3vlpbKoeol KAGUmMayuu, 6030yicoaemot UCOYHUKOM YIbMPA38YKOGbIX KONeOAHUIL.
Tpaxmuueckumu nPULOHCEHUIMU NOOOOHBIX IPPEKmOos Mocym Oblmb ANbMEPHAMUBHbIE NPOYECCHL NPOMBIULIEHHOU
nepepabomku Heghmu, MexHOIO2UU NOBLIULEHUS] 8bIX00A CEEMIbIX OUCTHULISIMOS, UHMEHCUDUKAYUsL nepepadomKu
MANCENbIX HeMAHBIX DPaKyull U OCMAMKO8, Hehmexumuieckue Hanpasienus Hegpmenepepadomxu.

KiwueBble ciioBa: HeTh, He(QTSIHBIE OCTATKH, BOJTHOBBIE TEXHOIOTHH, YIBTPa3BYK,

KHJIKUE YTICBOJIOPOJIBI, ITy3bIPHKOBAsT KABUTAITHSI.

DOI: 10.32935/0023-1169-2022-632-4-16-22

B. P. Tumanyan’, N. V. Maykova®, V. T. Grumondz’.

'Gubkin University,

*Moscow Aviation Institute (National Research University)

New Approaches to Simulation of Transformations

at Bubble Cavitation in Petroleum Dispersive Systems

An approximate mathematical model is proposed for the transformation of liquid hydrocarbons under the influence
of physicochemical phenomena occurring at the phase boundaries and during phase transitions under conditions of
bubble cavitation excited by a source of ultrasonic vibrations. Practical applications of such effects can be alternative
processes of industrial oil refining, technologies for increasing the yield of light distillates, intensification of the
processing of heavy oil fractions and residues, petrochemical processes of oil refining.

Key words: oil, oil residues, wave technologies, ultrasound, liquid hydrocarbons, bubble cavitation.

C. H. Boazun, O. C. Mamuna

DAY «25 l'ocynaperBennsiit HUU xummoTtonorun MuroO6opoHs! Poccumy,
25gosnithim@mil.ru

Oco0eHHOCTH OMpe/e/IeHUs] COCTABA MOPO30CTOMKOM MOIYKUAKOH CMa3Ku

JJIS1 PaliOHOB € 0c000 X0JIOAHBIM KJIMMATOM



Ilpugedenvt pesynrbmamol pazpabomxu cOCmaga Mopo30CMOUKOU NOLYHCUOKOU CMA3KU O] PALLOHO8 ¢ 0C000
XOJIOOHbIM KIUMAMOM, OCHOBAHHbBLE HA UCCIe008AHUU MEXAHUSMA XUMMOMOIOSULECKUX NPOYECCO8 8 1aO0PaAMOpPHBIX
VCMAHOBKAX, MOOCTUPYIOWUX VCII08USL UX NPUMEHEHUsL 8 MEXHUKE, YCIMAHOBIEHHbIX 3aKOHOMEPHOCHIAX GIUSHUSL
000a60K HaA YPOBeHb IKCNIYAMAYUOHHBIX CEOUCTE, ONMUMUZAYUU COCIABA U OYeHKe NOMEHYUATIbHOU CNOCOOHOCMU
MOPO30CMOUKOU NOJYIHCUOKOU CMA3KU K NPOSGILEHUIO 3AN0NCEHHBIX CEOUCME.

KioueBblie cj10Ba: MOPO30CTOMKAs TIONMYKUAAKASE CMa3Ka, IPOIECChl TPEHHS U M3HAIIMBAHKSI, HU3KOTEMITEPaTypHbIE,
MPOTUBOM3HOCHBIE, POTUBO3aIUPHBIE U aHTH()PUKIIMOHHBIE CBOWCTBA, MOJIEITb XMMMOTOJIOTHYECKOTO TIpoIiecca,
TEOopHs TUIAHUPOBAHUS SKCIIEPUMEHTA, MHTErpallbHAsl OLIEHKA SKCIUTYaTallHOHHBIX CBOHCTB.

DOI: 10.32935/0023-1169-2022-632-4-23-32

S. N. Volgin, O. S. Matina.

The 25th State Research Institute of Chemmotology, Ministry of Defence of Russian Federation

Features Specifying the Frost-Resistant Semi-Liquid Lubricant Composition

Purposed for Extremely Cold Climate Areas

The article deals with the development results of the frost-resistant semi-liquid lubricant composition to be used in
extremely cold climate areas. These results are based on studying the chemmotology process mechanism in lab
equipment that simulates the operating conditions which are used in engineering equipment, and on the standard
influence patterns of additive agents, raised up to the level of the operating properties, and on the optimized
composition and assessment of the performance potential of the frost-resistant semi-liquid lubricant to perform its
inherent properties.

Key words: frost-resistant semi-liquid lubricant, friction and wear processes, anti-wear, low-temperature, anti-seize
and anti-friction properties, chemmotology process model, simulation unit plant, experiment planning theory, an

integral estimate for operating properties.

9. A. Anexcanoposa’, B. JI. Anexcanopoé’, XK. T. Xaoucoed?, JI. IIl. Maxmyooea’, X. X. Axmadoea’

'Ky6anckuii rocynapcTBeHHbIi arpapHbiil yausepeutet uM. U. T. TpyOununa,

'pO3HEHCKHUIA TOCYIApCTBEHHBIN HEPTIHON TexHUUeCKUit yHuBepcutTeT uM. M. JI. MuiutMoHIIMKOBa
alex2a@yandex.ru

Bansinue MOBEPXHOCTHO-AaKTHUBHBIX BellleCTB HA TeMIEePATyPbl KPUCTANIU3AIUM U 3acThIBaHUs napadguHa B
PACTBOPHUTEJISIX PAa3IHYHOM PUPOIBI

Hcenedosano enusanue nogepxHocmHo-akmuHbIX eewecms — 0enpeccopos (napagnoy, canmonyp,
NONUANKUIMEMAKPULAM, OKUCIEHHBIT NEMPONAMYM) HA MEeMNePamypbl pacmeopenus, KpUCmaiiu3ayuuu

3aCMbIBAHUS PACMBOPO8 HEPMAHBIX U CUHMEMUYECKUX NAPAPUHOE 8 Y21e6000POOHBIX PACEOPUMENIAX PASTUUHBIX
no cocmagy u esaskocmu. Ilokazano, umo akmugnocms 0enpeccopa 00NCHA OYEHUBAMBCA NO COOEPIHCAHUIO
napagunos, pazgumue OUCNEPCHOL CMPYKIMYPbl KOMOPO20 OH npedomepaujaen ¢ OaHHOM pacmseopumese.
Yemanoeneno senenue eucmepesuca memnepamyp Havaia KPUCMALIU3AYUY 1 pacmeopeHust napapuHa 6

pacmeopumensx ¢ dobaskamu denpeccopa. [lenpeccop napagioy He OMHOCUMCI K MUYELLO000PA3VIOUUM

NOBEPXHOCMHO-AKMUBHBIM GeUjecmeam, Ho 00pazyem MONeKyIspHble KOMNIEKCbL C H-NAPADUHOM.



KiroueBble ciioBa: HC(bTﬂHLIC Hapa(bI/IHBI, CUHTCTUYCCKUC H-aJIKaHbI, YTIICBOJOPOAHBIC PACTBOPUTEIIN, ACTIPECCOPEIL,
TEMIICPATYPHI INTABJICHUA, KPUCTAJIJIN3AlIUN U 3aCThIBAHUA.
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E. A. Aleksandrova', B. L. Aleksandrov', Zh. T. Khadisova®, L. Sh. Makhmudova’, Kh. Kh. Akhmadova®

'I. T. Trubilin Kuban State Agrarian University,

M. D. Millionshchikov Grosny State Oil Technical University

The Effect of Surfactants on the Crystallization

and Solidification Temperatures of Paraffin in Various Solvents

The effect of surfactants — depressants (paraflow, santopur, polyalkylmethacrylate, oxidized petrolatum) on the
temperatures of dissolution, crystallization and solidification of solutions of petroleum and synthetic paraffins in
hydrocarbon solvents of various compositions and viscosity was studied. It has been shown that the activity of the
depressant should be evaluated by the content of paraffins, the development of the dispersed structure of which it
prevents in a given solvent. The phenomenon of hysteresis of the temperatures of the onset of crystallization and
dissolution of paraffin in solvents with the addition of a depressant

has been established. Paraflow is not a micelle-forming surfactant, but forms molecular complexes with n-paraffin.
Key words: petroleum paraffins, synthetic n-alkanes, hydrocarbon solvents, depressants, melting, crystallization and

pour points.
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HccnenoBanne ycTOHYMBOCTH IIEMEHTUTA B MPUCYTCTBHH BOABI

NPH KCTPEMAJBbHBIX TEMIIEPATYPAX U JaBJIEHUSIX

H3yuena xumuueckas ycmouuu8ocms yemeHmuma 6 600HoU cpede 8 mepmobapuyeckom unmepgane 180-950°C u 2—6
I'Tla. Yemanoeneno, umo npu 83aumooeticmeuul ¢ 6000t Kapouo dicene3a npespaujaemcst 8 8I0CMUm U MacHemum.
T'azoo06pazuvie npodykmul peakyuu npeocmasiensvl, 21A8HbIM 00PA30M, HACLIEHHBIMU Yele8000P00aMU TUHEUHO20 U
pazeemeanentozo cmpoerust 0o Cr. Cocmag yenego0opoonsix npoo0yKmoe, HOJAYUeHHbIX U3 YeMeHmuma u 600bl npu
IKCHMPEMATLHBIX MEPMOOAPUUECKUX NAPAMEMPAX, 8 3A6UCUMOCHIU O MePMOOAPULECKUX YCO0BGULL BAPLUPYEMCsl OM
Jle2KUux cmecell, CXOOHbIX C «CYXUMY» NPUPOOHLIM 2A30M, 00 KOMNIEKCHBIX Y21e8000POOHBIX CUCHEM, NOOOOHBIX
IACUPHOMY» NPUPOOHOMY 2a3y U 2A30KOHOeHcamy. B xo0e ucciedosanus ycmanosieno, umo noo 6030eicmeuem
IKCMPEMAIbHO20 OABAEHUSL XUMUYECKAS. peaKyusi Medicoy Kapoudom dicenesa u 6000 nawunaemcs npu 220°C, ymo
SHAYUMETIbHO HUJICe MEMNEPAMYPbL HAYALA PEaAKYULU YeMeHMUMA ¢ 000U NPU AMMOCHEePHOM 0aBIeHUU.

KawueBble ciioBa: kapOuz jkenesa, BoJa, IKCTpeMalbHbIe TEPMOOapUUIECKHUE YCIOBHSL.
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The Stability of Cementite in the Presence of Water at Extreme Temperatures and Pressures

The behavior of cementite (Fe;C) in aqueous environments was investigated in the thermobaric range of 180—950°C
and 2—6 GPa. When interacting with water, cementite was transformed into wiistite and magnetite. The gaseous
reaction products were represented mainly by saturated hydrocarbons with linear and branched structures up to C.
The composition of the hydrocarbon products synthesized from cementite and water at extreme thermobaric
parameters varied from light mixtures similar to "dry" natural gas to complex hydrocarbon systems similar to "wet"
natural gas and gas condensate. During the investigation, it was discovered that the chemical reaction between iron
carbide and water begins at 220°C under extreme pressure, which is significantly lower than the temperature at which
the reaction of cementite with water begins at ambient pressure.

Key words: cementite, wiistite, magnetite, hydrocarbons, high pressure; high temperature, upper mantle,

abyssal synthesis of hydrocarbons.
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KommuiiekcHoe ucciieqoBaHue sKHAKOCTH AJ THAPABINYECKOr0 pa3pbiBa Mjacra

HA O0CHOBE ICEBI0-INMEPHOr0 MOBEPXHOCTHO-AKTHBHOT0 BeIleCTBA

B pabome npedcmasneno komniexcnoe ucciedosanie KOMROUYUU HA OCHOBE NCe800-OUMEPHBIX NHOBEPXHOCHIHO-
axmusHwvlx gewgecms (I1AB). [Iposedenvl peonocuyeckue u OCYULIAYUOHHBIE UCCICO08AHUS, 4 MAKIHCE ONPEOeneHa
necKoHecyuast CHOCOOHOCHb COCMABO8 U UX 8030€UCEUE HA 2IUHUCIYIO NOPOOY. YCmMaHo61eHo npeeocxoocmeo
MEXHOI02UHeCKUX CBOUCME HCUOKOCIU PA3Pbled HA OCHO8e Ncesdo-0umeprnulx 1IAB no cpasnenuio ¢ ananocamu.
KuioueBble cjioBa: THAPABINICCKUN pa3phIB IIacTa, OecroluMepHast >KHIKOCTh pa3phiBa,
OJICHJIAMU O PO TUMETUIIAMIH, TIOBEPXHOCTHO-aKTHBHOE BEIIECTBO, BA3KOYNPYTHE CBOWCTBA, HA0OyXaHUE TJIMH.
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Complex Study of a Hydraulic Fracturing Fluid Based on a Pseudo-Dimeric Surfactant

The paper presents a complex study of compositions based on pseudo-dimeric surfactants. Rheological and oscillation
studies, proppant test (proppant drop rate and static proppant settling), composition’s influence on clay swelling were
carried out. In the course of research, it was found that hydraulic fracturing fluids based on pseudo-dimeric
surfactants have advantages over similar systems.

Key words: hydraulic fracturing, polymer-free fracturing fluid, oleylamidopropyl dimethylamine, s

urfactant, viscoelastic properties, clay swelling.
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AHaau3 MeTOANK U3MEPEHHs PABHOBECHBIX YCJIOBHI 00pa30BaHNs ra30BbIX THAPATOB

B oannoii pabome nposeden ananusz paxmopos, anusiowux Ha pe3yismanmuvl IKCHEPUMEHNATLHO20 ONpedesieHUs
VC08ull hazosvix pasHoGecull 2a308bIX 2UOPAMOB 8 PA3IUUHBIX CUCNEMAX C NOMOWBIO MEMOOUK CTHYNEHUAM 020
Hazpesa u Hazpesa ¢ NOCMOSIHHOU CKOPOCTbIO HA YCMAHOGKAX Muna agmoxiae ¢ nepemewiusanuem GHA350 wu
kauarowuecs syevixu RCS6. Ycmanoaneno, umo 6onee nHadedichvie pe3yismamol NOLYYAIOMCs npU UCNOIb308AHUU
asmoxnasa GHA350, komopuiii obecneuusaem 6o/iee unmeHcusHoe nepemeuiusanue Guoudos. Memoouxa
CMynenyamozo Hazpesa anpuopu A61emcs Oojee HA0eHCHLIM CROCOOOM OnpedesleHUsi PAGHOBECHBIX YCL08ULL
2uUopamoobpazo8ans, nOOXo0suum 071 1toboti cucmemsl. OOHAKO ee npuMeHeHUe CEA3AHO0 C DONLUUMU 3aMmPaAmamu
epeMenU. AnbmepHamusHas MemoouKa Hazpesa ¢ NOCMosiHHOU ckopocmvio 0, 1—1 2pad./y nozeonsiem cyujecmeeHHo
cokpamums épems 00H020 uszmepenusi. OOHaKo npu ee NPUMEHEHUU C Yebl0 NOJLYYEeHUsSI HAOECHBIX
IKCNEPUMEHMATLHBIX OAHHBIX HYJICHO ROOOUPAMb CKOPOCMb HASPesA ¢ Y4emoM I PeKmusHoCmu nepemeuueanisl
UCHONb3YEMOUL YCIMAHOBKU, THUNA UCCTIe0VeMOLL CUcmeMbl U Opyeux ¢axmopos. Jns 6onvuuncmea cucmem
Pe3YIbmMamsl U3MepeHuUst PAGHOBECHbIX MEMNEPAMYP 00PA308aHUsL 2UOPANOE HO MEMOOUKAM CIYNEHYAMO20 U
HenpepwigHo2o Haepesa 0,1 epad./u c ucnonvzosanuem asmoxnasa GHA350 coenacyromes opye ¢ opyeom 6 npedenax
owubku usmeperus. bonvuiee pacxosicoenue mexcoy pesyibmamamis 08yxX Memooux HaO00aemcs 0Ja 24308bIX
2UOPAMo8 8 KOHYEHMPUPOBAHHBIX CONEBLIX PACMBOPAX, 0OIAOAIOUWUX 8bICOKOU BAZKOCIbIO NPU HUZKUX
memMnepamypax.

KioueBble cj10Ba: Ta30BbIe THIPATH, (Pa30BbIe pABHOBECHSI, METOIMKA H3MEPEHUH, BOIHBIE PACTBOPHI
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Analysis of the Techniques for Measuring the Equilibrium Conditions

of Gas Hydrates Formation

In this work, we analyze the factors that affect the experimental determination of the gas hydrate equilibrium
conditions in various systems using step heating and ramp heating by GHA350 stirred autoclave or RCS6 rocking
cells. It has been found that more reliable results are obtained using the GHA350 autoclave, which provides a more
intensive mixing of the fluids. Step heating is a priori a more reliable way to determine the equilibrium conditions of
hydrate formation, suitable for any system. However, its application is time-consuming. An alternative heating method
at a constant rate of 0.1-1 deg./h can significantly reduce the time of one measurement. However, when using it, to
obtain reliable experimental data, it is necessary to select the heating rate considering the mixing efficiency of the
setup used, the type of system under study, and other factors. For most systems, the results

of measuring the hydrate equilibrium temperatures by step and continuous heating at 0.1 deg./h using GHA350
autoclave are consistent within the measurement error. A greater discrepancy between the methods is observed for
gas hydrates in concentrated salt solutions, which have a high viscosity at low temperatures.

Key words: gas hydrates, phase equilibria, measurement technique, aqueous solutions.
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