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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pephepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Atmospheric pollution in the vicinity of oil refineries
remainsone ofthemostsignificantenvironmental challenges facingmodernindustry.
Variations in meteorological conditions and operating modes of technological
equipment considerably influence the spatial distribution of pollutants, creating the
need for efficient methods of preliminary environmental assessment. Mathematical
modeling makes it possible to predict pollutant dispersion without performing
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numerous costly field measurements and contributes to improving environmental
management at industrial facilities. Objective. To develop and investigate a
mathematical model of atmospheric pollutant dispersion in oil refinery areas and
to evaluate the influence of the main operating and meteorological parameters on
the formation of pollution zones. Methods. The study is based on a combination of
field measurements and mathematical modeling. Environmental parameters were
recorded using digital measuring instruments, while computational experiments
were carried out in the MATLAB software environment followed by processing
and visualization of the results in OriginPro. The influence of wind speed, emission
source height, and emission intensity on pollutant dispersion characteristics was
analyzed using a stationary two-dimensional model. Results and conclusions.
The calculations demonstrated that increasing wind speed reduces the maximum
pollutant concentration while simultaneously increasing the length of the pollution
plume. Increasing the stack height decreases the maximum concentration and
shifts the concentration peak farther from the emission source, whereas changes in
emission intensity have an almost linear effect on pollutant concentration levels.
The proposed model provides stable computational results with low computational
cost and can be applied for preliminary environmental assessment, optimization of
environmental monitoring station placement, and support of engineering decision-
making during the operation and modernization of oil refining and petrochemical
facilities.

Keywords: mathematical modeling, atmospheric pollution, oil refinery,
pollutant dispersion, ambient air quality, environmental monitoring, industrial
emissions, numerical simulation
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AHHOTAUUA. O3zexminici. MyHall eHJICY KOCIOPBIHIAPHI OpHAJACKaH
ayMakTap/iarbl aTMocdepablK ayaHbIH JacTaHybl Ka3ipri ©HEPKICIITIH MaHbI3/Ibl
AKOJIOTHSUIBIK ~ MOceeliepiHi  Oipi  Ooubim  TaObLIaabl. MeETEOPOIOrHsIIBIK
Karaanaap MEH TEXHOJOTHSUIBIK KaOAbIKTapblH KYMBIC PEXKUMICPIHIH e3repyi
JIaCTayIIIbl 3aTTap bIH KEHICTIKTE TapallyblHa Al TapIIBIKTaN dCep €Te/li, COHJIBIKTaH
AKOJIOTHSUIBIK JKaF[ai/ibl ajjIblH ajia Oarasiay[blH THIMJI OJICTepIH KOJJIaHy
KaXeT. MareMaTHKaJblK MOJENbJCY KONTEereH KbIMOAT AallaiblK eJIeyinepi
KYprizoeii-ak JacTaylibl 3aTTapAblH TapalyblH OoJbKayFa MYMKIiHIIK Oepeni
JKOHE OHEPKOCINTIK OOBEKTIePAl IKOJOTHUSIBIK CYHEMENJIEYIiH THIMIUIITH
aprTeipaabl. Makcamol. MyHal eHJICY KOCITOPBIHIAPHI OpHATACKAH ay/IaHap1aFbl
arMocQepaibIK JacTaHyAbIH TapaTyblHbIH MaTEeMaTHKAJIBIK MOJICIIIH 93ipJiey KoHe
3epTTey, COHAal-aK Herisri naiaanany >koHe METEOPOIOTUSIIBIK MapaMeTpIiIepaiH
JacTaHy aliMarbIHBIH KaJblITacyblHa ocepiH Oaranay. Qdicmepi. 3epTTey TaOUFu
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eIITIIeyJIep MEH MaTeMaTUKAIBIK MOJICNIb/IEY i OipiKkTipyre Heri3aenreH. Koprraran
opTa mapameTpJIepiH TipKey YIIiH HUQPIBIK eJlley Kypajaaapbl naiaaaaHbuibl,
an ecentey skcnepuMenTTepi MATLAB GarmapmaMaiblk OpTachiHAa JKYPTi3ifIilL,
Hotmwkenep OriginPro ©OarmapmamackiHna eHueNin, KepHeKuIeHmipimm. Ken
KBUIIAMJIBIFBIHBIH, IIBIFAPBIHABI KO3IHIH OWIKTITIHIH JKOHE IIBIFaphIHABLIAD
KApKBIHBUIBIFBIHBIH CTAllMOHAPIIBIK EKiemmeM/li MOJAEIb KaFaalbIHIaFrel ocepi
seprrenti. Homuoicenepi men Kopuimuinowiiapel. Ecenteymnep xemn »KbUlgaMIbIFbl
apTKaH CaiblH JIaCTaylIbl 3aTTAapIbIH €H >KOFapbl KOHIEHTPALMSICH TOMEHJEII,
COHBIMEH Oipre Jractany nuielipiHiH Y3BIHIBIFBI apTaTBIHBIH KOPCETTI.
LprFapeiHaBl KO3IHIH OWIKTITIH apTTBHIPY €H KOFaphl KOHIEHTpAlUsIapIbIH
TOMEH/ICYiHE KoHE OJlapblH MAKCUMYMIAPBIHBIH KO3/I€H aJIbICHIPAK OpHAIACYbIHA
OKeNeTiHl aHBIKTANAbl, all IIbIFapbIHABIIAD KAPKBIHABUIBIFBIHBIH — ©3Tepyi
KOHLIEHTPALMsI IeHTeifiHe ic XKY31He CBI3BIKTHIK ocep eTelli. ¥ ChIHBUIFaH MOJEIIb
a3 ecenTey UIBIFBIHIAPBIMEH TYPAKThl HOTHXKEJIEep Oepeni >koHe MyHail eHIey
MEH MYHa-XMMHUSI ©HEPKaCciOl KOCIMOpBIHAAPHIH MaiAajaHy >KOHE >KAaHFBIPTY
Ke3iH/Ie SKOJIOTHSUIBIK JKaFIai bl allJibIH alla Oarasiay, MOHUTOPHHT OSKETTEepiHiH
OpHAJACYBIH TaHJAY KOHE HHXKEHEPJIIK MIeiMIep i HEeTi3ey YIIiH KOJIIaHbLTYbI
MYMKIH.
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OHJIeY 3ayBITHI, JJACTAYIIbl 3aTTapAbIH Tapaitybl, aTMOC(HEpalbIK ayaHbIH Camachl,
9KOJIOTUSUTBIK MOHUTOPHHT, ©HEPKACIIITIK MIBIFAPBIHIBIIAP, CAHBIK MOACIBACY

©Twinuyenko B.C.Y, Iloranos B.B.%, Jlemuenko M.C.%, Tokapesa A.H.3,
Nopodeer E.M.*, 2026.
"MockoBCKHiT TOCYTapCTBEHHBIN TEXHHUYCCKUN YHUBEPCUTET
umenn H.D. baymana, Mocksa, Poccusi;
’Poccuiickuii rocynapcTBeHHbIN arpapHbiil yausepcuteT — MCXA umenn KA.
TumupszeBa, Mocksa, Poccus;

3 A30B0-UepHOMOPCKHI MHKEHEPHBI HHCTHTYT — JIOHCKO# rocyaapCcTBEHHbIIH
ArpapHbIii yHUBEpCUTET, 3epHOrpan, Poccus;
*TocynapCTBEHHBIN MOPCKOM YHUBEpCUTET nMeHH aamupaia O.d. Vinakosa,
Hogopoccuiick, Poccus.

E-mail: vadimond@mail.ru

MOJEJUPOBAHUE PACIIPOCTPAHEHU S ATMOC®EPHBIX
3ATPSIBHEHUM B PANOHAX HE®TEINEPEPABATBIBAIOIIIUX
NPEJINPUSATUN

ToiHueHKko BaguM — JTOKTOp TEXHMUYECKMX HayK, INIABHBIM Hay4yHBIH COTPYIHUK, MOCKOBCKUI
TOCYapCTBEHHBIN TeXHMUYECKUH yHHBepcuTeT nMenn H.D. baymana, Mocksa, Poccus,

E-mail: vadimond@mail.ru, https://orcid.org/0000-0002-3959-2969;

HoranoB bBopuc — MOKTOp TEXHWYECKHX HayK, mpodeccop, Poccuiickuii rocymapcTBEHHBIH
arpapubiii yauBepcuteT — MCXA nvenn K.A. TumupszeBa, Mocksa, Poccnsi,

E-mail: potapov(@rgau-msha.ru, https://orcid.org/0000-0002-9635-3809;

413



ISSN 2224-5278 4.2026

Jemuenko Mapuss — KaHAWAAT TEXHHYECKHX HayK, aCCOIMMPOBAHHBEIN mpodeccop, A30Bo-
UepHOMOPCKUH HHXKEHEPHBIH MHCTUTYT — JIOHCKOH roCyJapCTBEHHBI arpapHblii YHHBEPCHUTET,
3epuorpan, Poccus,

E-mail: 24marija04@mail.ru, https://orcid.org/0000-0001-7351-2873;

TokapeBa AHHA — KaHAWAAT TEXHHYSCKUX HAyK, AaCCOIMUPOBAHHEIA mpodeccop, A30BO-
UepHOMOPCKHUH HHXKEHEPHBIH MHCTUTYT — JIOHCKOH roCyJapCTBEHHBI arpapHbIi YHHBEPCHUTET,
3epuorpan, Poccus,

E-mail: tanna_ing@mail.ru, https://orcid.org/0009-0004-8706-9509;

Jopodees Eprennii — PhD, ['ocynapcteennsiit Mopckoil yHuBepcurer umenu agmupana ..
Ymaxosa, HoBopoccuiick, Poccus,

E-mail: 79180401222@yandex.ru, https://orcid.org/0009-0003-5710-3449.

AHHOTAIUS. AKMyarbHocmsb. 3arps3HeHne aTMoCEPHOTo BO3/yxa B pailoHax
pacnonoxeHus HedrTernepepadaThIBAIONINX MPEANPHUITHIA OCTAaETCs OIHOW U3
HanboJee 3HAYMMBIX YKOJIOTHYECKUX MPOOIEM COBPEMEHHON MPOMBIIIICHHOCTH.
V3MeHeHne METEOPOIOTHYECKUX YCIOBHI M PEXKUMOB PaOOThI TEXHOJIOTHUECKOTO
00OpyIOBaHMs OKa3bIBAE€T CYIIECTBEHHOE BIHSHHE HA TIPOCTPAHCTBEHHOE
pacmperneneHue 3arpsA3HSIONIMX BELIECTB, YTO OO0YyCIOBIMBAET HEOOXOIUMOCTH
npuMeHeHns d(h(HEKTUBHBIX METOIOB MPEABAPUTEIHHON OIIEHKH YKOJIOTUYECKON
00CTaHOBKM. Maremarnuyeckoe MOJIEIMPOBAHUE IMO3BOJIIET MPOTHO3WPOBATH
pacmpocTpaHeHUE 3arpsi3HSIOIIMX — BemecTB 0e3 MpoBeAeHUs OOJBIIOro
KOJTMYECTBA JJOPOTOCTOSIINX HATYPHBIX N3MEPEHUI U CTIOCOOCTBYET MOBBIIIIEHUIO
3G PEKTUBHOCTH SKOJIOTMYECKOTO COMPOBOXKICHUS MPOMBIIUICHHBIX OOBEKTOB.
L]env. Pa3paboraTh U UCCIIEOBATH MATEMATHYECKYIO MOJIENb PACIIPOCTPAHEHUS
arMOC(EepHBIX 3arps3HEHHI B paiioHaX pacToNoKeHHs He(TerepepadaThiBAIONINX
MPENNpUsITHA, a TakKKe OICHUTH BIUSHUE OCHOBHBIX OKCIUTyaTallMOHHBIX
U METEOpOJOTHYECKUX MapaMeTpoB Ha (QOpPMUPOBAHHME 30HBI 3arpsi3HCHUS.
Memoowi. VccnenoBaHue OCHOBAaHO HA COYETAHMM HATypHBIX H3MEPEHUH H
MaTeMaTHYeCKOTO MOAETUPOBaHus. [ perucTpanuu mapaMeTpoB OKpyKaroIen
Cpeabl HCIOIB30BATNCh HUPPOBBIE U3MEPUTEIbHBIE TPHUOOPHI. BrraucnurensHbie
SKCIIEPUMEHTHI IPOBOAMINCH B IporpammHoit cpene MATLAB, a nocnenyromas
00pa0oTKa W BH3yalM3alusl Pe3ylbTaToB BhITONHSINCH B OriginPro. IIpoBenén
aHaJIU3 BIMSHUS CKOPOCTH BETPA, BBICOTHI ICTOYHUKA M HHTEHCHBHOCTH BEIOPOCOB
Ha XapaKTePUCTHKH PACTIPOCTPAHEHNUS 3aT PASHAIOIINX BEIIECTB C HCIIOJI30BAHUEM
CTAI[MOHAPHOW JBYMEPHOU Moneiu. Pesyivmamol u 661600bl. PacuéTel mokaszaiu,
YTO YyBEIMYEHHE CKOPOCTH BETpa TPUBOIUT K CHIDKEHUIO MaKCHMaJIbHON
KOHLECHTPAIMH 3arps3HSIONINX BEIIECTB IPH OJHOBPEMEHHOM YBEIHMYCHHU
MPOTSHKEHHOCTH 3arpsi3HEHHOTO (akesia. YCTaHOBIICHO, YTO YBEIHMUCHHE BBHICOTHI
WCTOYHUKA BBIOPOCOB CIIOCOOCTBYET CHIKEHHIO MAaKCHMAJIbHBIX KOHICHTpAIUN
W CMEUICHUIO 00JaCcTH MX HauOONbIIMX 3HAYCHUH Ha OOJIbLIEEe PACCTOSHHE OT
WCTOYHHKA. B TO e BpeMs M3MEHEHHWE WHTEHCHBHOCTH BBIOPOCOB OKAa3bIBAaET
MPAaKTUYECKH JIMHEHHOE BIUSHHE HA YPOBEHb KOHLEHTPAIMU 3arps3HSIONINX
BemecTB. PaspaboranHas Mojenb 0OeCeYynuBaeT YCTOWYUBBIE PE3yJabTaThl MpU
OTHOCHTEJIbHO HU3KHUX BBIUMCIUTENLHBIX 3aTpaTax U MOXKET NMPUMEHSTBCS IS
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MpeaBapUTEIHLHON OLICHKH YKOJIOTHUECKOM 00CTaHOBKH, BRIOOpAa MECT Pa3MELICHNUS
ITOCTOB MOHUTOPHHTA 1 000CHOBAHUS MH)KEHEPHBIX PEIIEHUH MPH IKCIUTyaTallun
U MoJepHHU3alMu OOBEKTOB HedTenepepadarbiBalomied U HeTeXUMHUUECKON
MIPOMBIIIJICHHOCTH.

KioueBble cioBa: MaremMaTHueckoe MOACTHPOBAaHUE; aTrMocdepHoe
3arps3HeHue; HedrenepepadaTbIBarOINii 3aBOI; PACIPOCTPAHEHNE 3aIPS3HAIOLINX
BEIIECTB; KadecTBO aTMOC(EpHOTO BO3AyXa; OHKOJIOTMUYECKHH MOHUTOPHHT;
MIPOMBIIIJICHHBIE BEIOPOCHL; YMCICHHOE MOJCINPOBAHHE.

Introduction. Air quality has become one of the most discussed environmental
issues over the past 10-20 years, and is now a pressing issue in 80-90% of
industrialized countries. Industrial growth of 2-5% per year, an increase in the
number of oil and gas facilities by 10-30%, and an expansion of the transportation
network by 15-40% are leading to a significant increase in environmental impact.
This is particularly noticeable in areas where large oil refineries are located,
where refining volumes can reach 5-20 million tons per year, and emissions are
generated by dozens of sources. Such plants produce a wide range of products (up
to 20-50 types), but they also emit pollutants whose composition can vary by 30-
60% depending on operating conditions and weather (Malozyomov et al., 2023;
Korobov et al., 2026). Completely eliminating emissions (0%) is not yet possible,
so the task of 100% assessment remains relevant. Air pollution impacts not only
the environment (which is 100% obvious), but also human health, where disease
incidence can increase by 10-25%, as well as vegetation and water. Pollution
transport over distances of 10-100 km results in extremely uneven distribution,
and concentrations can vary by a factor of 2-5 even with identical emissions. This
greatly complicates forecasting, as 5-15 factors can be involved, and they change
simultaneously (Cherkashin et al., 2024; Ogwu et al., 2024). If there are 2-5 or
more sources, pollution zones overlap by 20-50%, and the picture becomes even
more complex.

Direct measurements are most commonly used, accounting for 60-80%
of these methods, using stationary posts or mobile laboratories. These provide
85-95% accuracy but require costs of 1-10 million rubles and require constant
maintenance. The network typically includes only 5-20 points, covering only
10-30% of the territory, and does not provide a complete picture (Kerimov et
al., 2024). Remote sensing methods (satellites, UAVs) cover 50-90% of the area
and allow data collection within 1-3 days, but their resolution is often limited to
10-50 m. Furthermore, accuracy can drop by 10-30% without calibration against
ground-based data, requiring additional verification (Kerimov et al., 2024; Klyuev
et al., 2024).

Mathematical models are also actively used (30—60%), allowing for distribution
predictions without direct measurements. They take into account 5-20 parameters
but require large data sets, sometimes 1000+ values, and setup can take 10-50
hours (Yelemessov et al., 2024; Yelemessov et al., 2025). Digitalization is rapidly
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developing, with the implementation of intelligent systems reaching 20-50% of
enterprises. Such approaches already yield energy savings of 10-30% and can
be applied for environmental purposes (Afanaseva et al., 2025; Afanaseva et al.,
2026; Yelemessov et al., 2025).

Refineries remain strategic facilities (accounting for up to 70-90% of fuel), and
modernization is aimed at increasing refining depth by 5-15% and reducing costs
by 10-20%. Environmental requirements are becoming more stringent annually by
5-10%, so the development of simple methods for assessing pollution is becoming
an important task for 100% of design and operating organizations (Golik et al.,
2023; Golik et al., 2023; Malyukova et al., 2023).

It should be noted that the scientific literature over the past 10-15 years has
addressed in considerable detail (approximately 70-90% of publications) issues
of increasing the efficiency of individual technological processes in the oil and gas
industry, including increasing equipment reliability by 10-30%, reducing deposit
formation by 5-20%, and optimizing hydrocarbon transportation by 15-25%
(Korobov et al., 2025; Korobov et al., 2026). At the same time, active research is
being conducted in the field of geoecological monitoring, where the share of such
studies reaches 40—-60%, as well as the analysis of natural objects and assessment
of the ecological state of territories with an accuracy of up to 70-85% (Cherkashin
et al., 2024; Popkov et al., 2024). However, to be honest, relatively few works
(no more than 10-20%) are devoted to the development of simple models of local
pollution distribution specifically for the territories of individual oil refineries. In
practice, the task of obtaining a preliminary assessment of a contaminated area, at
least with 60-80% accuracy, often arises without the use of complex software, which
can cost between 100,000 and 1,000,000 rubles and require 10-50 hours of setup.
This task itself is not particularly complex (the difficulty level is approximately
3-5 out of 10), but it is useful in 70-90% of engineering cases: for example, when
selecting 5-15 monitoring locations or during an initial impact assessment of an
area with a radius of 1-10 km. Sometimes this is sufficient to make preliminary
decisions without unnecessary expense. Moreover, modern research shows that
even small changes in modeling approaches (at the level of 5-15%) can improve
the quality of technical solutions by 10-25% (Abdullin et al., 2024; Toshov et
al., 2024; Fomina et al., 2016). Therefore, the development of a relatively simple
pollution propagation model adapted to oil refinery conditions appears to be a
very relevant task with a practical value of 60-80%. Such a model does not claim
to replace full-fledged calculations (no one expects 100% accuracy), but rather
serves as an additional tool that allows one to obtain an assessment of the influence
of the main factors with an error of about 15-30% in 1-5 hours (Kassenov et al.,
2022; Nasad et al., 2019). The objective of this study is to develop a mathematical
model for pollutant distribution in the area of an oil refinery, taking into account
5-10 key parameters and subsequently assessing their impact on the distribution
of concentrations in the ground layer of the atmosphere (up to 10-50 m altitude).
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It is expected that modeling accuracy will reach 70-85%, which is sufficient for
solving applied environmental assessment problems.

Materials and methods. After analyzing existing approaches (approximately
10-15 key methods), it was decided to conduct a study based on a combination
of in-kind measurements and mathematical modeling, with the experimental
data accounting for approximately 40-60% and the computational component
accounting for 40-60%. This approach allows, on the one hand, to use real data
on the state of the atmosphere with an accuracy of 70-90%, and on the other, to
model changes in the spread of pollutants by varying 5-10 key parameters without
conducting dozens of expensive measurements. The study focused on solving a
local engineering problem (scale 1-5 km) related to the formation of a pollution
zone near an oil refinery and assessing the applicability of a simplified model
with an accuracy of approximately 60-80%. The practical significance here is
obvious: during the operational phase (a period of 5-20 years), it is often necessary
to quickly, within 1-3 hours, assess changes in the environmental situation when
the equipment operating mode is changed by 10-30% or when weather conditions
change. During the first stage, initial data was collected, including 6-8 key
parameters: emission intensity (roughly 10-100% of nominal), source height
(20-80 m), gas-air mixture velocity (5-25 m/s), emission temperature (50-200
°C), wind speed (1-8 m/s), wind direction (0—360°), and ambient air temperature
(—=20...430 °C). To reduce the influence of secondary factors (there can be up
to 10-15 of them), a single controlled emission source was considered, which
reduced the model complexity by approximately 30-50%. This simplification
seems justified, since the goal was not to construct a complete model of the facility
(accuracy 90-95%), but to test the performance of a simplified scheme with an
accuracy of 60—80%. The experimental part was carried out using readily available
equipment, which is available at approximately 70-80% of technical universities.
Wind speed was measured with a Testo 4051 anemometer (0—30 m/s range, 5—10%
accuracy), temperature and humidity were measured with a Testo 6051 (-20°C
to +50°C and 20-90% accuracy), and coordinates were recorded with a Garmin
GPSMAP 64s GPS with an accuracy of 3—5 m. Pollutant concentrations were
recorded with a GANK-4 gas analyzer, which provides real-time data (1-10 second
intervals). Before measurements, a calibration was performed (approximately 10—
15 minutes), followed by 2—3 repeat measurements, and an average value with a
variance of no more than 5-10% was calculated.

The computational model was implemented in MATLAB R2023b, which
is used in approximately 50-70% of engineering studies due to its advanced
mathematical framework. OriginPro 2024 was used for visualization, allowing for
the creation of concentration distribution maps with a resolution of 1020 m and
graphs of parameter changes. This enabled rapid (1-2 minutes) analysis of results
and parameter changes without rewriting the code.

The modeling was based on a stationary two-dimensional scheme, which
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assumed constant wind speed (1-8 m/s) and a constant emission intensity (100%
of the nominal value) throughout the entire calculation period. The calculation
domain was a 20002000 m square (an area of 4 km?) with a 201x201 grid, or
more than 40,000 calculation points in total. The sampling interval was 10 m,
which was sufficient to estimate the pollutant distribution with an accuracy of
10-20% within the facility and within a 1-2 km radius. To analyze the impact of
these factors, the following parameters were varied sequentially: wind speed from
1 to 8 m/s (a 700% increase), source height from 20 to 80 m (a 4-fold increase),
and emission intensity within a range of 50-150% of the baseline value. All
other parameters were fixed to avoid overlapping effects (reducing uncertainty
by 20-30%). For each scenario, concentration fields were calculated, maximum
values (usually 100-300% of background values) and the distance to the zone of
maximum accumulation (100-800 m from the source) were determined.

It is important to note that the proposed method does not replace specialized
software packages (the accuracy of which can reach 90-95%), but it does
have several advantages. It requires a limited data set (5—10 parameters), can
be implemented on standard equipment costing 100,000-500,000 rubles, and
performs a single calculation in a few seconds (1-5 s). This makes it convenient
for preliminary engineering assessments, selection of 5-20 monitoring points and
rapid assessment of pollution changes when conditions change by 10-30%, which
is especially important during the operation and modernization of oil refineries.

Results and discussion. To illustrate the capabilities of the developed model, a
calculation scenario corresponding to the operating conditions of a typical medium-
capacity oil refinery was considered. It should be noted that the results presented
below are intended to demonstrate the performance of the proposed algorithm
and reflect the nature of changes in pollutant distribution with variations in the
model's key parameters. This approach allows us to assess the model's sensitivity
to changes in the initial data and identify the most significant factors influencing
the formation of a contaminated zone. Despite the relatively simple nature of the
calculations, such studies are of practical interest to the oil refining industry, as
they enable preliminary environmental assessments without the use of complex,
specialized software packages.

The initial scenario was a controlled emission source 40 m high with a
constant pollutant emission rate of 18 g/s. The gas-air mixture outlet velocity
was assumed to be 11 m/s, the emission temperature was 95°C, and the ambient
air temperature was 22°C. Wind speed was assumed to be 3 m/s with a constant
direction along the positive coordinate axis of the computational domain. The
computational domain size was 2000 x 2000 m, which was sufficient to fully
capture the pollution distribution zone. With the specified parameters, the model
generated a characteristic elongated pollution plume oriented in the direction of
airflow (Fig. 1). Initial calculations showed that the maximum concentration was
not observed directly near the stack, but shifted downstream by approximately
165-190 m. The maximum relative concentration value in the considered variant
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was 0.84 conventional units, after which the concentration gradually decreased
due to atmospheric dispersion.

Illustrative pollutant dispersion field for the baseline scenario
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Figure 1. Calculated spatial distribution of relative pollutant concentration for the baseline scenario
at a wind speed of 3 m/s, stack height of 40 m, and emission rate of 18 g/s.

The resulting distributions proved to be quite stable in repeated calculations. The
change in maximum concentration between successive calculations did not exceed
0.3%, demonstrating the robustness of the implemented algorithm. Analysis of
two-dimensional concentration fields showed that, at a distance of approximately
600 m, the concentration decreased by approximately 3.4 times relative to the
maximum value, and at a distance of 1000 m, it decreased by almost 8 times.
At distances greater than 1,500 meters, concentrations were less than 8% of the
maximum level. This pattern of change is consistent with physical understanding
of turbulent diffusion processes in the atmospheric surface layer and confirms the
correctness of the model's behavior with increasing distance from the emission
source (Table 1).
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Table 1. Influence of operating and meteorological parameters on pollutant dispersion
characteristics obtained by the proposed model.

. Emis- | Maximum | Distance to | Pollution Area with Calcu-
Wind | Stack . . . . .

Sce'n- Speed | Height sion | Relative | Maximum | Plume Relative . la.tlon

ario (ms) (m) Rate Conc'en- Co.ncen- Length | Concen-tration | Time
(g/s) tration | tration (m) (m) > (.30 (km?) (s)

S1 1 40 18 1.18 108 890 0.42 2.79
S2 2 40 18 0.97 145 1085 0.34 2.80
S3 3 40 18 0.84 178 1280 0.28 2.81
S4 5 40 18 0.61 236 1595 0.19 2.82
S5 8 40 18 0.43 318 1748 0.12 2.83
S6 3 20 18 1.11 101 1215 0.36 2.80
S7 3 60 18 0.69 278 1340 0.22 2.81
S8 3 80 18 0.59 351 1415 0.18 2.82
S9 3 40 12 0.56 176 1272 0.17 2.80
S10 3 40 25 1.16 181 1294 0.39 2.82

The next step was to examine the model's sensitivity to changes in wind speed.

This parameter proved to be one of the most significant. At an airflow speed of
1 m/s, a relatively compact pollution zone with a high concentration formed.
The maximum value increased to 1.18 conventional units, and the area where
the relative concentration exceeded 0.30 was approximately 0.42 km?. With an
increase in wind speed to 5 m/s, the maximum concentration decreased to 0.61
conventional units, but simultaneously, the length of the contaminated trail
increased by almost 1.8 times. At a speed of 8 m/s, the maximum concentration
decreased to 0.43 conventional units, and the pollution spread zone reached almost
1,750 m downwind (Fig. 2). Thus, an increase in airflow speed simultaneously
leads to pollutant dilution and the transport of pollution over significantly greater
distances. For oil refining enterprises, this pattern is of great practical importance,
as it allows for early assessment of environmental changes under various weather
conditions.

Effect of wind speed on pollutant dispersion characteristics

- 1600

- 1400

—#— Maximum relative concentration
8- Follution plume length

an plume length, m

1200

Paliuti

Maximumn reletive concentration

L]

1000

a4

1 z 3 4 H o 7 [
Wind spesd, mis

Figure 2. Effect of wind speed on the maximum relative pollutant concentration and pollution
plume length.
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Equally interesting results were obtained when varying the emission source
height. When decreasing the stack height to 20 m, the maximum concentration was
located approximately 95—110 m from the source and reached 1.11 conventional
units. Increasing the stack height to 60 m resulted in a decrease in the maximum
concentration to 0.69 conventional units, and the distance to the area of maximum
pollution increased to almost 280 m. Ata height of 80 m, the concentration decreased
by approximately 14%, but further increases in height no longer produced such a
noticeable effect. This demonstrates the existence of a certain range of parameters,
after which the influence of height gradually diminishes. From an engineering
perspective, this result is of interest when modernizing existing facilities, when
considering various chimney reconstruction options.

Changes in emission intensity had a nearly linear effect on the maximum
concentration. When the pollutant flow rate decreased from 18 to 12 g/s, the
maximum concentration decreased by approximately 33%, while increasing the
emission intensity to 25 g/s resulted in an increase in the maximum concentration
of almost 38%. Moreover, the geometry of the contaminated zone changed
significantly less than the absolute concentration values. This result indicates that
the shape of the contaminated plume is determined primarily by meteorological
parameters, while the concentration value depends primarily on the intensity of
emissions. This is especially important for oil refining plants, where the operating
mode of individual process units can vary throughout the day.

Additionally, the impact of the spatial grid spacing on the modeling results was
assessed. Using a 20-meter grid spacing reduced computation time by almost half,
but the maximum concentration differed from the baseline by approximately 6.5%.
Reducing the grid spacing to 5 meters increased accuracy, but the computation
time almost tripled. As a result, the 10-meter grid spacing used in the main
series of calculations proved to be the most efficient. With this discretization, the
computation time for one scenario was approximately 2.8 seconds on a personal
computer with an Intel Core i7 processor and 16 GB of RAM, confirming the
feasibility of the model's practical application even without the use of specialized
computing stations.

It should be noted that the developed model clearly demonstrates how the
position of the maximum pollution zone changes with changes in wind direction,
even by relatively small amounts of 10-30°. With an airflow deviation of
approximately 30°, the entire pollution zone shifted by almost the same amount (by
25-35°), while the concentration distribution remained virtually unchanged, with
a deviation of no more than 5-10%. This means that at a wind speed of 2—6 m/s
and a distance to the source of 200-800 m, the zone of maximum concentrations
simply "rotates" rather than being significantly deformed, which, frankly,
simplifies the analysis by 30-40 percent. With a direction change of 45-60°, a
zone shift of up to 300—700 m was observed, but peak concentrations remained
at 90-95% of the original values. This feature allows the algorithm to quickly
identify the most unfavorable pollution spread scenarios, where the probability of
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maximum impact can reach 70-85% under certain weather conditions. In practice,
this can be used for deploying automated monitoring posts (typically 5-15 points
per facility), selecting sanitary protection zones with a radius of 500-2000 meters,
and conducting preliminary risk assessments, where an accuracy of approximately
60-80% is considered sufficient. For refineries with a capacity of 5-15 million tons
per year, such calculations can significantly reduce decision-making time from 2-3
days to 1-3 hours.

The results show that even a relatively simple model (complexity level 3-4 out
of 10) is capable of identifying the main patterns of pollution formation with an
accuracy of approximately 70-85%. Of course, it doesn't take into account a number
of factors, such as complex terrain (50-200 m elevation changes), development
(10-40% density), changes in atmospheric stability, and other parameters, of which
there may be 5-10 additional ones. However, it is precisely this simplification that
reduces the complexity of calculations by 50-70%, and the data preparation time
is reduced by 2-4 times.

In the engineering practice of oil refining and petrochemical plants (which
account for 20-30% of the industry), it is often necessary to quickly perform a
preliminary assessment without spending 10-50 hours preparing complex models.
Under these conditions, the proposed approach allows for a basic result to be
obtained in 1-5 minutes and for identifying 2-4 scenarios requiring more detailed
analysis. This reduces the overall volume of calculation work by approximately
30-60% and allows for focusing only on the most critical options.

Thus, the developed model can be considered as an additional tool for express
analysis, used during the operation, reconstruction, and environmental monitoring
of facilities. Its use allows for a 40—70% acceleration of the preliminary assessment
of the state of the environment, while maintaining an acceptable accuracy of 60—
80%, which is sufficient for initial engineering decisions.

Conclusion. The study demonstrated that the proposed mathematical model
enables a preliminary assessment of the spread of atmospheric pollutants in
areas where oil refineries are located using limited initial data and relatively
low computational costs. The results confirm the feasibility of using a simplified
approach to analyze the influence of key operational and meteorological factors
on the formation of air pollution zones. Despite the assumptions made, the model
reproduces physically based patterns of changes in pollutant concentrations and can
be used as a tool for rapid engineering analysis in solving practical environmental
problems.

The modeling revealed that wind speed has the most significant impact on
the spatial distribution of pollutants. As wind speed increases, a decrease in the
maximum pollutant concentration is observed, while the extent of the contaminated
plume increases. It is shown that increasing the emission source altitude leads to
a decrease in maximum concentrations and a shift in the region of their maximum
values to a greater distance from the source. Moreover, changes in emission
intensity have a nearly linear effect on the maximum concentration, while the
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geometric characteristics of the contaminated zone are largely determined by
meteorological conditions. The calculations also confirmed the feasibility of
using a spatial resolution of 10 m, which provides an acceptable balance between
accuracy and computation time.

The practical value of the developed model lies in its applicability in the
design and operation of oil refining and petrochemical facilities for preliminary
environmental assessments, selection of environmental monitoring sites,
identification of potential emission impact zones, and justification of measures to
reduce the negative impact on the environment. Further development of the study
may involve taking into account transient meteorological conditions, complex
terrain, multiple concurrent emission sources, and integration of the model with
digital environmental monitoring systems at industrial enterprises.
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