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A. I'. Jlanmes*, A. /I. Tunazoé®, E. A. Jlanmeea*

1Kasanckuii rocy1apCTBEHHBIN SHEPreTHIECKUI YHUBEPCHUTET,

2B «Muxexum», r. Kasanb

tvt_kgeu@mail.ru

MoaepHu3anus HACAT0YHbIX PEKTU(PUKALMOHHBIX KOJOHH ¢ IPUMEeHeHHeM MaTeMaTHYeCKoH

MO/1eT4 pa3aeleHusi MHOTOKOMIIOHEHTHOI cMecH

Pewena nayuno-mexnuueckas 3a0a4a Mamemamuiecko20 MOOeIUPOBAHUSA U pACyema pasoeneHus y21e6000pOOHbIX
cmecell 8 NPOMbBLULIEHHBIX KOJIOHHAX € XAOMUYHbIMYU U Pe2YNAPHbIMU Hacaokamu. MHo2okoMnoHeHmHblil neperHoc
BbIYUCTIACMCA € NPUMEHEHUeM MAMPuybl 00beMHBIX Kodpduyuenmos macconepeoayu, a obpammuoe (npooovhoe)
nepemewiugane NOMOKO8 napa u HuoKocmu — ¢ nomowwio yucia Ilexne c kosgpuyuenmom obpammozo
nepemewueanus. Paccmompena 3aoava paspabomku 6apuanmos MoOepHu3ayuu KOI0HHbL CMaOUIU3ayuL
Hegme2a30KoHOeHCAYyUOHHOU cMecu Ha Hepmenepepabamuléaiowem npeonpusmuu. IIpedcmaesnenst pacuemmule
npoguny KOHYEHMpayul Ko4uesbix KOMHOHeHmog 6 cmecu. Onpedenena Heobxooumas gvicoma cnos Hacaoku. Ilocne
MoOepHU3ayuu KOJOHHbL HOBOU HACAOKOU 0becneyeH yCmoudueslli pedicum pabomsl YyCmaHo8Ku 6 3a0aHHOM
unmepeane Haspy3ox u cocmaea cmecu. Taxoice peuiena 3a0a1a no NPOEKMUPOSAHUIO 08YX NPOMBIUIECHHBIX KOJOHH

6 MEXHONI02UUECKOU cxeme bl0eNeHusl 6eH301a U3 cmaduIbHO20 KOHOeHcama. B pesynbomame pacuemog ycmanoeiensl
DpediCUMHbLE U KOHCMPYKMUBHbIE XaPAKMEPUCMUKY KOJIOHH ¢ NPUMEHEHUEM XA0TMUYHBIX MEMAIUYECKUX HACAOOK
«Hnoncexum-2012». Ilpedcmagnensvt pe3yiomamsl pacuema MamepuaibHo2o 0Ananca u 0aHo CpasHeHue

€ OaHHBIMU PAOOMbL YCIMAHOBKUL.

KaroueBble ci10Ba: MaTeMaTH4ECKOE MOJEITMPOBAHNE, HACAIKA, MHOTOKOMIIOHEHTHAsI CMECh, peKTH(UKAIINS,

He(TIHBIC QPAKITIH.

A. G. Laptev?, A. D. Gilyazov?, E. A. Lapteva’.

1Kazan State Energy University,

2IVC "Injekhim" LLC, Kazan

Upgrading of Packed Distilation Column Using a Mathematical Model

for a Multicomponent Mixture Separation

The scientific and technical problem of mathematical modeling and calculation of separation of hydrocarbon mixtures
in industrial columns with chaotic and regular nozzles is solved. Multicomponent transfer is calculated using a matrix
of volumetric mass transfer coefficients, and the reverse (longitudinal) mixing of steam and liquid flows by Pekle
numbers with back-mixing coefficients. The task of developing options for upgrading the stabilization column of the
oil and gas condensate mixture at an oil refinery is considered. Calculated profiles of concentrations of key
components in the mixture are presented. The required height of the nozzle layer has been determined. After
upgrading the column with a new nozzle, a stable mode of operation of the unit is provided in the specified range of
loads and the composition of the mixture. We also solved the problem of designing two industrial columns in the
technological scheme for the separation of benzene from stable condensate (gasoline fraction). As a result of
calculations based on a mathematical model, the operating and structural characteristics of columns

with the use of chaotic metal nozzles "Injekhim-2012"were established.

Key words: mathematical modeling, nozzle, multicomponent mixture, rectification.
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PT'Y medru u raza (HUY) umenu U. M. I'y6kuna,

2000 «HIII KBAJIUTET»

anakil@yandex.ru

YaydueHue TpUG0I0rM4eCKHAX CBOHCTB MOJHUMOYEBHHHBIX CMA30K

3a CYeT MPUMEHEeHUs (PYHKIIHOHATBHBIX MPHCATOK

Paccmompeno enusnue npomugousHoCHbIX NPUCAOOK HA OCHOBE OUANKULOUMUOPOChHOpHOL KUCIombL U MOAUOOEH-
cooepoicauyux moouguxamopos mpenusi (A-22, A-23, A-24, JID-11, [TAD-4, TOD-3, A/[TD, BHUU HII-354) na
mpubonocUecKue XapaKmepucmuky noIUMOYESUHHBIX NAACMUYHBIX CMA30K, NPUSOMOGIEHHBIX HA HeDMAHBIX U
cuHmemuieckux maciax. Msyuena 3agucumocms mpuboi02uieckux c80UCME NOIUMOYEBUHHBIX NAACTHUYHBIX CMA30K
om npupoovl, Koryermpayuu npucaoku (1-3% mac.) u oucnepcuonuoii cpedwvi. OyeHka RPOMUBOUSHOCHBIX U
NPOMUBO3AOUPHBIX CEOUCME OCYUWECMBIANACL MPEMSL U3BECHIHbIMU CIMAHOAPTNUUPOBAHHBIMU MEMOOUKAMU.
yemvipexuapurxogol mawunsvl mpenus YMT-1, mpubomempa bpyeeepa, u uemvipexulapurkosou

mawunsl mpenus KT-2.

KiroueBble c10Ba: MIaCTUYHBIE CMA3KH, MOJIMMOYECBUHHBIC CMa3KH, JJOOABKH K CMa3KaM, TUATKWIAUTHOPochaT

[IMHKA, TUATKWIAHTHO(GOChAT MOTHOaeHA, THANKIIGeHmTIuTHOGOChAT IMHKA, TPHOOTIOTHS.

B. P. Tonkonogov?, A. Yu. Kilyakova!, M. M. Frolov?, I. A. Kotyshev?, K. G. Alexanyan®, M. M. Zotova?, A. S.
Medzhibovskiy?, A. A. Moykin?.

!National University of Oil and Gas «Gubkin University»,

NPP-QUALITET LLC

Improvement of Polyurea Greases Tribotechnical Properties

Based on Different Dispersion Media with Different Additives

This work describes antifriction additives based on dialkyldithiophosphoric acid and molybdenum-containing friction
modifiers and its influence on lubricating greases prepared with petroleum and synthetic oils tribological properties.
The dependence of tribological properties of polyurea greases tribological properties on the nature, concentration of
the additive (1-3 wt%) and the dispersion medium has been studied. Evaluation of antiwear and extreme pressure
properties was carried out by three well-known standardized methods — FBW (four ball wear test system) and KT-2
and also using the Brugger tribometer.

Key words: polyurea grease, solid additives, additives, zinc dialkyldithiophosphate, molybdenum
dialkyldithiophosphate,

zinc dialkylphenyldithiophosphate, tribology.

E. A. Bypos, JI. B. Heanoea, B. H. Kowenes, /]. A. Canoxncuega, C. A. Capxucos, L. O. /Dicycydanuesa
PT'Y nedtn u raza (HUY) umenu U. M. ['yOkuna



burov.e@gubkin.ru

Ouenka 3¢ ¢ekTUBHOCTH AelicTBUS GYHKIUOHAJBHBIX MPUCATOK

B 3UMHMX TH3eJILHBIX TOIJIHBAX PA3JIHYHOT0 FPYNIOBOIO YIJI€BOJIOPOAHOI0 COCTABA

B pabome uccnedosan cmpykmypro-epynnogou cocmas mpex 6a306b1x 3UMHUX OU3ETbHLIX MONIUB U PACCMOMPEHO
€20 GIUsAHUE HA HUSKOMeMNepamypHbvle U cmasvigaiowue cgoricmea monaus. Iloxazano, umo @vlcokoe cooepaicanue
HACBIUEHHBIX Y2Ne8000P0008, NPeNcOe 8Ce20, CPEOHEMONEKYAPHBIX H-ANKAHO8, U ApeHo8 ¢ boavuuell doel
3amewers npUeooUm K yXyouleHuo HusKomemnepamypnuix ceoticms. CuudiceHue 00au cpeoneMOoneKyIsipHbIX
ANIKAHO8 U 0adice HebOAbUIOe NOGbILUEHIUE COOEPIHCAHUS OU- U NOTUYUKTUYECKUX APOMAMUYECKUX Y21e8000P0008
yxXyouwaem cmazvleaiouue ceoticmaea monaued. OmmeueHo erusHue KOMNOHEHMHO20 COCMABA OU3ETbHBIX MONIUS HA
ahghexmuernocme deticmeusi NPOMUBOUSHOCHOU U OENPecCOPHO-OUCHEPIUPYIOWUX NPUCaOKoK. Hccredosanue
COBMECTNUMOCIU NPUCAOOK PASHO20 PYHKYUOHATLHO2O0 0eliCEUsL bISBUL0, YO NPOMUBOUSHOCHAS NPUCAOKA

HA OCHOBE JICUPHBIX KUCLOM MAT08020 MACAA He Gausiem Ha pabomy 0enpeccopro-oucnepaupyloujell npucaoxi,

6 MO 8PeMsl KaK COBMECTHOE NPUMEHEeHUe IMUX NPUCAOOK HECKOIbKO YXyOuidaem cmMasvléaouiue ceoLcmad,

HO He 8b1600UM OAHHbLIL NOKA3AMelb 3a PAMKU YCMAHOBLEHHIX HOPMAMUBOS.

KawueBble ciioBa: 6a30Boe AU3eIbHOE TOIUIMBO, YIIIEBOIOPOJHBIN COCTaB TOMJIMBA,
JIETIPECCOPHO-TUCTIEPTUPYIOIINE TPUCAAKH, TIPE/ICITbHAS TeMIepaTypa QUIbTPYEMOCTH, TEMIIEpaTypa 3aCThIBaHNU,

IIPOTUBOMU3HOCHAs IIpUCaIKa, TUAMETP IIATHA U3HOCA, B3BAMMOBJIMSHUE IIPHUCAI0K.

E. A. Burov, L.V. lvanova, V. N. Koshelev, D. A. Sandzhieva, S. A. Sarkisov, Ts. O. Dzhusubalieva.

National University of Oil and Gas «Gubkin University»

Estimation of Efficiency of Functional Additives

in Winter Diesel Fuels of Different Hydrocarbon-Type Content

The paper reviews the structural and group composition of three basic winter diesel fuels and its influence

on the low-temperature and lubricating properties of fuels. It is shown that a high content of saturated hydrocarbons,
primarily medium-molecular n-alkanes, and arenes with a higher proportion of substitution leads to a deterioration
of low-temperature properties. A decrease in the proportion of medium-molecular alkanes and even a slight increase
in the content of bi - and polycyclic aromatic hydrocarbons impairs the lubricating properties of the fuel.

The influence of the component composition of diesel fuels on the effectiveness of anti-wear and depressor-dispersing
additives was noted. The study of compatibility of additives of different functional actions revealed that the anti-wear
additive based on fatty acids of tallow oil does not affect the activity of the depressant-dispersing additive,

while the combined use of these additives slightly worsens the lubricating properties, but does not lead this indicator
beyond the established standards.

Key words: base diesel fuel, hydrocarbon composition of fuel, depressor-dispersing additives, cold filter plugging

point, pour point temperature, wear scar diameter, mutual interference of additives.

A. B. Envkun, B. B. Cepeoa
DAY «25 I'ocHUU xummoTosmornn Muno6opoHb! Poccrm»

25gosniihim@mil.ru



MeTtono10ru4ecKknii KOMILIEKC UCC/IeJOBAHUS YCTOHYNBOCTH

(GpyHKIHMOHMPOBAHMS TPYOONPOBOAHBIX TPAHCIIOPTHBIX CHCTEM

B cmamve npedcmasnenst ucciedosanus ycmonuyueocmu (pyHKYUOHUPOBAHUs mpyOOnpoBOOHbIX CUCHEM
obecneuenus 8olUcCK 2oprouum. Jlano onpeoesneHue yciosus yCmoudugoCmu QYHKYUuoHUposaHus.,

paccmompenul Yco8us e2o NPOsGLeHUs Ha PA3IUYHbIX YPOSHSAX. [laHa nocie008amensHOCmb hOPMUPOBAHUS HAYUHBIX
0CHO8 YCMOUYUBOCU (PYHKYUOHUPOBAHUS MPYOONPOBOOHBIX CUCIEM HA MEMOOOI02ULECKOM YPOGHE.
Apeymenmupoeana cyujHocms MemoooI02uL UCCIe008AHUSL YCMOUYUBOCU PYHKYUOHUPOBAHUS PAZIUUHBIX
mpy6onposoonbIX cucmem HeghmenpooykmoobecneueHus.

KioueBrble ciioBa: TpyOOIpOBOAHAS CUCTEMA, METOOJIOT Y HCCIIEIOBAHNS, YCTOWYNBOCTD ()YHKLIMOHUPOBAHUS,

XapaKTCPUCTHUKU KaueCTBA CUCTEMBI, HAJICKHOCTD, )KUBYUYCCTh, KPUTCPHUU OLICHKH.

A. V. Yelkin, V. V. Sereda.

The 25™ State Scientific Research Institute of Chemmotology of the Russian Ministry of Defence

Methodological Complex of the Pipeline Transport System Stability Research

The circumstances causing increased interest in the study of pipeline systems operation stability for providing troops
(forces) with fuel are given. The definition of the conditions for the operation stability is given, the conditions for its
manifestation at various levels are considered. The sequence of the formation of the scientific foundations of the
operation stability of pipeline systems at a methodological level is given. The essence of the methodology for studying
the operation stability of various pipeline systems of petroleum products supply is argued.

Key words: pipeline system, research methodology, operation stability, system quality characteristics,

reliability, survivability, evaluation criteria.

B. A. Cepeoa, IO. M. Ilumenos, A. B. Ynumusko

DAY «25 I'ocHUMxummoronorun MunoGoponsl Poccumy»

25gosniihim@mil.ru

IIporno3npoBanue ucnapsieMOCTH MOTOPHBIX TOIJIMB B YCJAOBHUSX JJUTEIbHOT0 XPaHEHUs

H3znooicenvr anemenmvl MemoouKu RPO2HO3UPOSAHUS UCHAPAEMOCIIU MOMOPHBIX MONIUG NPUMEHUMENbHO K YC0GUAM
ONIUMENbHO20 XPAHEHUs, KOMOPAs OCHOBAHA HA PUIUYECKOM U CIATNUCIUYECKOM MOOEIUPOBAHUY Npoyecca
ucnaperusi Mmonauea NOO0OHO20 peanbHOMy 6 cpedcmeax xpanenus. Hoeas memoouka noseonsiem onepamueHo ¢
HEe3HAYUMENbHLIMU 3aMPamamu pecypcos noay4ams HPO2HO3HbIE OYEHKU, He0OX00UumMble Ol NPUHAMUSL
000CHOBAHNBIX PeWEeHUli Ha 3aKAA0KY MONAUE Ha OnumenbHoe xpanenue. Ilpusedenvl npumepvl npocHO3UPOSAHUS
VPOBHSA UCKAPAEMOCU MOMOPHBIX MONIUE, NOOMEEPHCOAIOWUE NPEUMYUECEa NPedNazaemol MemoOuKu.
KwueBble c10Ba: MOTOPHBIE TOIUTMBA, ABTOMOOMIBHBIN OCH3HMH, HCIIAPSEMOCTb, IPOLIECC UCIAPEHN,

MOJIEJIMPOBAaHNE, TIPOTHO3UPOBAHKE, XpPaHEHHE TOTUIHBA.

V. A. Sereda, Yu. M. Pimenov, A. V. Ulit’ko,
The 25" State Scientific Research Institute of Chemmotology of the Russian Ministry of Defence

Motor Fuels Evaporability Forecasting under Conditions of Storage



Elements of method of motor fuels evaporability forecasting under conditions of longterm storage is proposed.
Method is based on physical and statistical modelling of fuels evaporation process that is similar to the process in
storage tanks. New method allows for improved predictive estimates that is needed for decisions on fuels longterm
storage to be taken quickly and with negligible expenditures of resources. Some examples of motor fuels evaporability
forecasting that confirm the of the method are provided.

Key words: motor fuels, automobile gasoline, evaporability, evaporation process, modeling, forecasting, fuel

storage.

I'. M. banak, C. H. Boneun, A. H. Ilpusanenxo

DAY «25 T'ocHUU xummoTtonorun Muno6oponsl Poccuny,

25gosniihim@mil.ru

HoBble MeTOABI ATOMHO-20COPOIIMOHHOTO OIIpeeIeHUs COAePKAHUSA META/IIOB

B AaBHALIHMOHHOM M ABTOMOOM/IbHOM O€H3UHAX

Paspabomanvr Mmemoovl npamoco nAAMeHHO020 AMOMHO-AOCOPOYUOHHO20 onpedeieHus COOePHCaAHUs CBUHYA KAK
KOMHOHEeHmMa WmamHblX AHMUOemMoOHAmMoOpPO8 8 A8UAYUOHHOM U TUMUA KAK KOMHOHEHMA dlbIMePHAMUBHbBIX
AHMUOEMOHAMOPO8 8 ABMOMOOUTLHOM DeH3uHax 6 ouanazone konyenmpayuil 120-1700 (ceuney) u

2,5/0,25-100 (numuii) me/om®. Coomeemcmeue ycaosuii amomuzayuu pacmeopos npob u 2padyupooUHbiX
PaAcmeopos, a maxdice YCmpaHeHue eIusHUsL Mampuybl aHATUSUPYeMbIX NPOO HA pe3yTbmambl onpeoeseHull
docmuzaemcst A0eK8amubiM pazoasieHuem npoo u 808ie4eHueM 8 COCMas pacmeopo8 CPABHEeHUs U 2PAOYUPOBOYHBIX
PACmeopo8 aiuKeom pacmeopos-uMumanmopos cocmasa DeH3uH08, NPUSOMOGIAEMbIX U3 UHOUBUOYATbHBIX
V2ne8000p0008 GblcOKOU yucmomol. Memoowsl Xxapakxmepusyomcs 6blCOKOU NPEeYU3UOHHOCMbIO, NPOCMOMOU 8
UCHOTHEHUU U MO2Yym ObIMb PEKOMEHO0BAHYL OISl OCYUeCMEIeHUsL KOHMPOJIA KAYecmea u udeHmu@durayuy 6eH3uHos.
KioueBble ciioBa: OCH3MH aBUAIMOHHBIN, OCH3HH aBTOMOOHJIbHBIH, aHTHICTOHAIIMOHHBIEC TIPUCAJIKH,

TETPAdITUIICBUHCL, Kap60KCI/IJ'IaTBI JINTHUA, aTOMHO-a6COp6I_II/IOHHa$I CIICKTPOMETPUA, MATPUYHBIC BJIUAHUSA.

G. M. Balak, S. N. Volgin, A. N. Privalenko.

The 25™ State Scientific Research Institute of Chemmotology of the Russian Ministry of Defence

New Atomic Absorption Methods for Metals Determination

in Aviation and Automotive Gasoline

New methods for direct atomic absorption determination of lead and lithium as antiknock additives components in
aviation and automotive gasoline in the concentration ranges 100-1700 (Pb) and 2.5/0.25-100 (Li) mg/L have been
developed. To overcome the difference in analytical signals for samples and standard solutions due to concentration
values and matrix effects the proper sample dilution and the addition of the blank as pure reagent hydrocarbons
mixture in the solutions have been offered. The methods have high precision, are simple and may be recommended for
gasoline quality control and identification procedures.

Key words: aviation gasoline, automotive gasoline, antiknock additives, tetraethyl lead, lithium carboxylates,

atomic absorption spectrometry, matrix effects.
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[IpuMeHeHUE YTEKTPOMETPUIECKOTO0 METOA JIJIsl ONPeIeIeHUs COMePKaHIsA CBOOOHOM BOIBI

B TOILUTHBAX /IS PEAaKTUBHBIX IBUTATEJIEH

Tlpuseden ananuz nedocmamkos cpedcms KOHMPOsL YUCHOMblL MONIUE OJisl PeaKMUBHbLIX Ogusameell.
Ilpeocmasnenvt meopemuyeckue u IKCNEPUMEHMANbHbIE UCCLEO08AHUS 3ABUCUMOCTIU HACPYHCEHHOU 00OPOMHOCIU
YUTUHOPUHECKO20 00EeMHO20 Pe30HaAmOopa om 00vbema NOMeweHHOU 68 He20 800bl, HA OCHOBAHULU KOMOPLIX
npeonodcen Memoo onpeoenenust KOHYeHmpayuu c60000HOU 600bl 8 MONIUBAX O/l PEAKMUBHBIX 08ucameneti NPMuIM
NeKMpoMempudeckum memooom ¢ ucnoavizosanuem CBU-pezonamopa.

KiroueBble cioBa: cBOOOIHAS BOA B TOILIMBE ISl PEAKTUBHBIX JIBUTATEIICH,

CBUY-pe3onarop, HarpyKeHHas J0OPOTHOCTb.

D. U. Dumbolov, E. N. Lyapich, M. A. Suslin, 4. A. Zaitseva.

The 25" State Scientific Research Institute of Chemmotology of the Russian Ministry of Defence,

2MERC AF «AFA»

Application of the Electrometric Method for Determining the Free Water Content in Jet Fuels

The article provides an analysis of the deficiencies of fuel purity control tools for jet engines currently in use. It
presents theoretical and experimental studies of the dependence of the loaded quality of a cylindrical cavity resonator
on the volume of water placed in it, on the basis of which a method of determining the concentration of free water in
jet fuels by the direct electrometric method using a microwave resonator is proposed.

Key words: free water of jet fuel, microwave resonator, loaded quality.
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OO0 3BOJIIOIINH HOPMATHBHBIX TPEOOBAHMIT K PEOJOrHYECKHM XapaKTepUCTHKAM

JOPOKHBIX BSKYIIUX B Poccun

B cmamve 0an kpamxuti ananuz ucmopuu HOPMUPOBAHUSL OCHOBONOAALAIOUUX KPUMEPUEE OYCHKU KA4eCmed
00pOodICHbIX bUMyMHbBIX Mamepuanos 6 Poccuu 3a nocieonue oecamunemus. OCHOBHOe BHUMAHUE YOeTISIemCsl
PeONIO2UYECKUM XAPAKMEPUCTIUKAM OUMYMO8, ONpedesiiouux 00J1208e4HOCHb ACHAIbMOOEMOHHBIX NOKPbIMULL
6 KOMOopbIX 8s0iCywee «pabomaemy 6 NiEHOUHOM COCMOSIHUU U CTONCHBIX KIUMAMUYECKUX YCA08USIX. MO nO380s1em
aApeyMEeHmupo8aHHo Onpedeiums HanpaeieHUss OAIbHEUUUX UCCAEO08AHUL N0 NOBBIUUEHUIO KAYeCMEa 0OPONCHBIX
ssocyupux. Tloouepknyma akmyaibHOCMb U YeiecoodpasHoCmb paspadomox no Co30aHUI NPEMUATbHIX MAPOK

NOAUMEPOUMYMHBIX GANCYUUX U BHEOPEHUIO MEXHON02UE CTAbUIbHO20 npoussodcmea nHa HII3 padosvix éaxcyuux



U3 CoIpbs paziuunoeo eenesuca. Ommeuena nepcneKmueHas YeaecooopasHoCcmy 8 Op2aHU3aYul
npoU3B00CMBa GAANCYUX NO cucmeme Superpave.

KioueBbie c10Ba: peoslorHUeCKHe CBOUCTB, ac(aabToOETOHHASI CMECh, IIOJIMMEPHO-OUTYMHBIE BSXKYLIHE,
3JIACTUYHOCTD, MporpamMma SUuperpave, KoMIayHAUPOBaHHbIE OMTYMBbI, TEXHOIOTUS CMELICHHUS OKUCICHHOTO U

MMPAMOTOHHOTO KOMIIOHCHTOB.

A. A. Gureev, P. M. Tyukilina.

National University of Oil and Gas «Gubkin University»

On the Evolution of Regulatory Requirements for the Rheological Characteristics

Of Road Binders in Russian Federation

This review article provides a brief analysis of the history of the regulation of the fundamental criteria for assessing
the quality of road bitumen materials in the Russian Federation over the past decades. With an emphasis on their
rheological characteristics, which determine the durability of asphalt concrete pavements, in which the binder
"works" in a film state. This allows researchers to reasonably determine the directions for further research to improve
the quality of road binders. Special attention is paid to the relevance and expediency of developments for the creation
of premium grades of polymer bitumen binders and the introduction of technologies for stable production at refineries
of ordinary binders from raw materials of various genesis. The immediate need for organizing the production of
binders according to the SuperPave system was also noted.

Key words: rheological properties, asphalt concrete mixture, polymer-bitumen binders, elasticity, Superpave

program, compounded bitumen, technology of mixing oxidized and straight-run components.
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Hedrerazoxumus B Poccun:

COCTOsIHME, P00JeMbl, IePCIeKTUBHI Pa3BUTHUSA

B cmamve paccmompen yposenv pazgumus ¢ Poccuu negpmeeazoxumuuecrkori npomvliuienHoCmu,
CpagHeHue e2o ¢ nokasamenimu pazgumulx cmpan. Ilpueedenst accopmumenm u 00vemvl nPOU3EOOCmMEa
Heghme2azoxumMuiecko npooyKyuu, nPou3600UMOU PA3IUYHBIMU HEPMAHBIMU, 2A306bIMU

u Heghmezazoxumuueckumu komnanuamu Poccuu. Ilposeden ananuz npobnem pasgumus Hegme2asoxumuu
6 Poccuu. Obcyoicoaromen nepcnexmugul pazsumust negpmezazoxumuu 6 Poccuu.

KiaroueBble cjoBa: He(bTeFEBOXI/IMI/ISI, BbICOKas Z[O6aBJ'IeHHa$I CTOUMOCTD, [TUPOJIN3, TOJIUMCPLI, IJIACTUK, KayUYyK.

I. A. Golubeva, M. V. Kryuchkov.
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Oil and Gas Chemistry in Russia:

State, Problems, Development Prospects



The article considers the level of development of the petrochemical industry in Russia, the range of products,

and the volume of its production. Petrochemical product range manufactured by various oil, gas and petrochemical
companies in Russia is described. The analysis of problems in the Russian petrochemical industry, a comparison

of its range and production volumes with indicators of developed countries is carried out. The prospects

for the development of petrochemical chemistry in Russia were discussed.

Key words: petrochemical industry, high added value, pyrolysis, polymers, plastics, rubbers.
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The Effectiveness of the Copolymer of Polymethylmethacrylate and Styrene

as a Plugging Agent in Water-Based Drilling Fluids

In the development of shale gas, it is important to ensure the stability of the borehole wall. The good plugging ability
of the drilling fluid is the basis for the stability of the borehole wall, and the plugging agent is the basic guarantee
for the good plugging ability of the drilling fluid. The traditional drilling fluid plugging agent has a large volume, and
it is difficult to effectively plug shale micro-pores and micro-cracks. In this work, the PMMA-St copolymer was
synthesized by emulsion polymerization with methyl methacrylate and styrene. The PMMA-St copolymer was
characterized by FT-IR, TGA, and phase analysis optical scanning. The results show that the particle size of PMMA-
St nanoparticles ranged from 34-58 nm and the average diameter is about 40.6nm.The decomposition temperature
of PMMA-St nanopatrticles is 374.8°C, which indicates that they have good heat resistance. The PMMA-St
nanoparticles have little effect on the rheological properties of water-based drilling fluids. The plugging performance
of PMMA-St nanoparticles was evaluated by simulating the mud cake. The permeability of mud cake is 2.24x107°m?,
which is close to the permeability of shale formation. When 0.5wt % of PMMA-St nanoparticles were added to the
solution, the blocking rate was 70.27%.With the increase of PMMA-St nanoparticle concentration, the blocking rate
of mud cake increases. When the dose of PMMA-St nanoparticles is 1%, the blocking effect is excellent.

The simulation results of the core and the mud cake simulation experiment are consistent, which shows

that the PMMA-St has an excellent sealing effect. Therefore, the PMMA-St hanoparticles can be used as an excellent
nanoparticle plugging agent to deal with shale borehole instability.

Keywords: nano plugging agent, PMMA-St copolymer, mud cake, plugging performance.
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The Blocking Properties of Styrene-Styrene Sulfonic Acid Sodium Copolymer

as a Nanodispersing Agent in Water Based Drilling Fluids

Nano plugging materials are used in the drilling fluid system to seal nanopores and cracks in the shale formation,
which is a focus for developing shale gas. In this work, the St-NaSS copolymer as nano plugging particles were
synthesized by emulsion polymerization with styrene and styrene sulfonic sodium. The St-NaSS copolymer was has
been characterized by FT-IR, TGA and phase analysis light scanning. The results show that the grain size of St-NaSS
nanoparticles is between 37-50 nm, and the average diameter is about 43.2 nm. The decomposition temperature of St-
NaSS nanoparticles is 410.7°C, indicate it has a good temperature resistance. St-NaSS nanoparticles have little effect
on the rheological properties of the water-based drilling fluid. The plugging performance of St-NaSS nanoparticles
was evaluated by mud cake simulated. The permeability of mud cake is 3.32x107° xm?, which is close to the
permeability of shale formation. When 0.5wt% of St-NaSS nanoparticles was added in the solution, the plugging rate
was 88.93%. The plugging rate of mud cake increase with the increasing of the concentration of St-NaSS
nanoparticles. When the dosage of St-NaSS nanoparticles is 1.0%, the plugging effect obtains excellent results.
Therefore, St-NaSS nanoparticles can be applied as a kind of excellent nano plugging agent to deal with the shale
borehole instability.

Keywaords: nano plugging agent, styrene-styrene sulfonic sodium copolymer, mud cake, plugging performance.
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A Design Model of Target-Hitting Trajectory Drilled into the Reservoir

with Elliptical Truncated Cone Surface

The location and orientation of target-hitting point on the reservoir surface significantly affects the well productivity
and wellbore stability. Thus, before actual drilling, the optimal location and direction of the well trajectory entering
the reservoir should be determined by reservoir numerical simulation method. However, the target-hitting surface
between the reservoir and wellbore is generally assumed to be a plane on which the coordinates and direction vector
of the actual landing point, as well as the off-target distance are calculated. Compared with the curved target-hitting
surface model, the planar target-hitting surface model cannot take the actual reservoir shape into account, which
affects the location and direction of the well trajectory entering the reservoir. The inaccurate landing due to the
inaccuracy of target-hitting surface model will increase the operational and economic challenges in drilling. This
paper proposes a mathematical formulation for target-hitting trajectory design in the case of nonplanar target-hitting
surface. First, the elliptical truncated cone surface is assumed to be the target-hitting surface due to its complex and
diverse shape. Second, the geometric model of wellbore trajectory and elliptical truncated cone surface is carried out
by vector algebra method. Thirdly, the target-hitting trajectory design model is established and the model is solved by

genetic algorithm. Finally, the case studies is performed, and the off-target distance designed by horizontal circular



target-hitting surface model, horizontal elliptical target-hitting surface model and our model are compared. The case
stud indicate that the results designed by the model established in this paper is more accurate than other models in
case the target-hitting point locate on the reservoir with elliptical truncated cone surface. The model in this paper
provides a theoretical guidance for the target-hitting trajectory design for nonplanar surface reservoir.

Keywords: target-hitting trajectory design, directional drilling, vector algebra, genetic algorithm, nonplanar surface

reservoir.
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Optimization of Criterion for Rock Crack Propagation under Acidizing Treatment

Since most of the conventional oil and gas resources have been intensively investigated, uncon-ventional oil and gas
resources such as deep marine carbonate reservoirs and heavy oil have become the primary focus in the exploration
and development of oil and gas. The oil and gas reservoirs with complex fracture geometries account for nearly 45%
of the global oil and gas reserves, and the pro-duction of such complex fractured oil and gas accounts for nearly 60%
of the total natural gas pro-duction. Consequently, fractured oil and gas reservoirs have received considerable
research attention in recent years. Further, fractures are crucial to determine the permeability and productivity of pe-
troliferous reservoirs. This paper investigates the current status of rock research under the action of acid etching.

At the same time we summarize the existing rock fracture propagation criterion theory and crack propaga-tion
criterion, and selects the most common crack propagation criterion for simulation parameter set-ting. Subsequently,
the Brazilian split test and the rock acidification sensitivity experiment are com-bined, and the comparative
experiment method is used to obtain the hydrochloric acid concentration and acidification treatment time that can
meet the DIC optical experiment. Through DIC technolo-gy, the expansion of rock cracks from the beginning of the
loading of the experimental species to the completion of the splitting is recorded, the strain and displacement of each
point on the rock surface during the Brazilian splitting test are obtained. Finally, through the ABAQUS software,
different fracture propagation criteria are used to simulate the fracture process of the rock samples of the Bra-zilian
fracturing experiment, and the results are output, and the expansion model that best fits the carbonate fracture before
and after acid etching is selected. In this study, the in-situ stress field of the fault zone in the Shunbei area is
exceedingly complex. Based on the Shunbei area, the model is set up. Furthermore, the features of plane
geomechanics are studied and the fracture propagation laws of acid salt reaction are analyzed which provide the
basis for optimizing acid fracturing tech-nology and construction parameters in Shunbei area.

Keywords: Brazilian test, Fracture propagation criterion, Mohr-Coulomb criterion, Drucker-Prager criterion,

numerical simulation, acid etching.
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Research on Production Pattern Optimization of Intermittent Wells

The article is devoted to tight sandstone gas reservoir with poor physical properties. One of such gas reservoir is
Sulige gas field. The number of low productivity and low efficiency wells increases every year, intermittent production
provides the way to maintain production of those wells. However, there are great differences in the classification of
intermittent wells and the production pattern, which is not conducive to the standardized management of gas wells.
Therefore, according to the geological characteristics of intermittent wells, as well as the production performance, the
intermittent wells were classified into three types: natural decline type (ND), poor reservoir physical property type
(PRPP) and liquid loading type (LL). Furthermore, the charts of optimal shut-in time for different types of intermittent
wells were established by analyzing the relationships among the shut-in time, the pressure recovery degree, and the
gas productivity growth rate. Finally, research results would reveal the reasonable and optimal shut-in time in a well
according to the optimal shut-in time chart, which provide the way to production pattern optimization of the
intermittent well in Sulige gas field.

Keywords: gas field, stripper well, intermittent production, pressure recovery rate, productivity growth rate.
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Modelling Industrial Catalytic Reforming of Low-Octane Gasoline

Naphtha reforming is one of the most important industrial processes in refineries in which reformate as high octane
additive to gasoline and aromatic hydrocarbons - benzene, toluene and xylenes are produced. It is necessary to create
new naphtha reforming units to increase the efficiency of the processes. In this work a mathematical model of
catalytic reforming of low-octane gasoline fractions into high-octane fractions for commercial gasoline based on the
kinetic equations is described in case of industrial-scale conditions at the first time. The equations describe the
dependence of the content of paraffinic, naphthenic and aromatic hydrocarbon fractions obtained in the presence of
the platinum-rhenium catalyst on y-Al,O3 upon process parameters (volumetric feedstock rate, temperature). The
mathematical model had been validated by comparing calculated results with the industrial data obtained from
commercial naphtha reforming reactor.

Keywords: reforming, mathematical modelling, reformed gasoline, catalysts, kinetic equation, kinetic model,

activation energy, fuel fractions, octane number.
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A Study on Characteristics of Unsaturated Sandy Soils Based on the CT Scanning Method

In the hydrologic cycle, sandy soil is an important junction of surface water and groundwater, especially in arid areas
which is lack of water. Therefore, it is meaningful to study the soil water in the unsaturated zone for water soil
conservation and ecological environment protection. At present, in the field of soil physics, CT scan is used to study
the soil hydraulic properties that is in a blank state. Applying industrial CT high-resolution instruments to do a
guantitative research about the microstructure of porous media and fluid motion law has become a new research
direction in the field of materials science. Basing on the latest industrial CT scan instrument called XTH225ST, this
study scans the five samples of sand (quartz sand, CUGB coarse sand) to focus on the soil microstructure. This test
uses the VG - Studio and Image J software to handle the image data. The software can identify the solid particles,
water and air, and analyze particle size distribution and moisture content of cross sections. Contrasting four quartz
sand sections, it can be concluded that the optimal particle size is 1 to 2 mm under CT scan. According to the
guantitative analysis of the porosity, with the decreasing particle size, the same soil’s total porosity also will increase.
Using the artificial recognition and VG - Studio software’s transferring phenomenon module handle the CT scan
image, and we can have a conclusion that for the different particle size of sand column, the size of the average pore
diameter also increases with the increase of particle size in the same other conditions. The research select 1-2 mm
CUGB coarse sand to do the moisture absorption and emancipation experiment. When it reached the stability, we can
get the unsaturated characteristic curve of soil moisture by CT scanning analysis. Because of the existence of the lag
phenomenon, the characteristic curve of soil moisture will be a "circle”.3D distribution of capillary water in the sand
column is complex, and its winding path likes many "worms" creeping in the soil. The method of CT scan can skip
over the traditional experiment, and directly find out the relationship between moisture content and matrix suction
called characteristic curve of soil moisture. Furthermore, it can improve the efficiency. And it provides a new way of
getting the water distribution characteristics of unsaturated soil.

Key words: CT scans, capillary water, porosity, characteristic curveof soil moisture.
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The Surge and Swab Pressure Calculation Considering Casing Coupling

The control of surge and swab pressure is an important guarantee to realize the safety, cost saving and high efficiency
of well control operation, so the calculation of surge and swab pressure is very important. If the drilling speed is not
properly handled, there will be surge and swab pressure and well loss during the drilling process. Similarly, there will
be blowout during the drilling process. In order to avoid the occurrence of complicated downhole conditions in the

drilling process, the surge and swab pressure should be calculated accuracy. This paper considered the effect of



casing coupling when calculated the surge and swab pressure, and using a case to shows that when considering the
impact of coupling, the calculated surge and swab pressure value is higher than ignoring the coupling. Therefore,
neglecting the impact of coupling could cause a large error when calculating the surge and swab pressure.

Keywords: surge and swab pressure, coupling, casing, closed pipe.
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Experimental Study on Enhancing Wellbore Stability of Coal Measures Formation

with Surfactant Drilling Fluid

The development of self-cleavage of coal and rock leads to poor continuity, and a high degree of heterogeneity of
coal-rock matrix, which leads to the problem of wellbore stability in the drilling process of coal measures strata has
become one of the key scientific problems to be solved urgently. For this reason, the single-agent selection and
compounding tests of surfactants were carried out, and the surfactant compounding scheme which can effectively
reduce the surface tension of drilling fluid and increase the contact angle between drilling fluid and coal and rock
was selected. Combined with the basic performance test of water-based drilling fluid, expansibility test, rolling
recovery test and shale pressure transfer test, the effect of drilling fluid wettability on wellbore stability of coal
measures strata is evaluated. The results show that the composite surfactant can effectively reduce the surface tension
of drilling fluid by 80.83% and increase the contact angle with coal by 54.17%. The recovery rate in composite
surfactant water-based drilling fluid is as high as 96.2%. The compound surfactant drilling fluid can significantly
slow down the transfer rate of shale pore pressure, reduce the invasion degree of drilling fluid to coal and rock,
prevent hydration erosion of coal and rock, and effectively enhance the stability of coal and rock sidewall.

Keywords: surface active agent, coal measures strata, drilling fluid, sidewall stability.
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Experimental Study on the Influence of Positive Electricity Glue Drilling Fluid

on Shale Wellbore Stability

Due to the diversity and heterogeneity of shale composition, the surface of shale is negatively charged and contains
clay minerals. It is prone to hydrolysis when exposed to water, which is not conducive to the stability of shale
formations. Therefore, the formulation of the positive gel drilling fluid that can effectively reduce the surface tension
of the drilling fluid and increase the contact angle between the drilling fluid and the shale was optimized, and the
basic performance test, swellability test, and rolling recovery test of water-based drilling fluid were carried out.
Studies have shown that: organic positive gel MMH-1 and inorganic positive gel MMH-2 can effectively reduce the
electrical properties of shale water-based drilling fluid; drilling fluid with composite positive gel 0.6% MMH-1 +

1.5% MMH-2 The surface tension of the shale is reduced by 15.2%, and the composite positive adhesive increases the



contact angle of the shale by 22.1%; the temperature resistance of the drilling fluid B is good, and the rolling
recovery rate is as high as 98.4%, which can more effectively enhance the stability of the shale formation.

Keywords: positive charge glue, shale, drilling fluid, stability, contact angle.
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Study on the Minimum Flow Pore Throat Radius and the Lower Limit

of Petrophysical Properties of the Reservoir under Three Seepage States

Through the analysis of seepage capacity of reservoir and high pressure mercury intrusion porosimetry, the minimum
flow pore throat radius and the lower limit of petrophysical properties under three seepage states include theoretical
seepage, production seepage and filling seepage are studied. Results show that the minimum flow pore throat radius
and lower limit of petrophysical properties of theoretical seepage are the lowest in the three seepage states. The
minimum flow pore throat radius and lower limit of petrophysical properties of theoretical seepage can be used to
distinguish between reservoir and non-reservoir. They can be used to distinguish between utilized reservoir and non-
utilized reservoir under production seepage and to distinguish between oil-bearing reservoirs and non-oil-bearing
reservoirs under filling seepage. It has reference significance for the identification of reservoirs and oil-bearing
reservoirs and the study of reserves utilization degree.

Keywords: lower limit of petrophysical properties, determination method, minimum flow pore throat radius, seepage

state, reservoir.
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