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Hucepraiiisi npucBSY€Ha BUPINICHHIO HAYKOBO-TEXHIYHOI 3ajadyi PO3BUTKY
TEOPETUYHUX OCHOB 3ar00iraHHs 3a0pyJHEHHS [OBKULISA IMpPU TPaHCHOPTYBaHHI
BYTJICBOJHIB IIIJISIXOM 3aCTOCYBaHHS 3alpPONOHOBAHOT METOAMKU OIIHIOBAHHS
3QJIMIIKOBOTO PECYPCY €KOJIOTTYHO Oe3MeYHOi eKCIuTyaTallii HaQTOmpoBOIIB.

Y pe3ynbTari BUKOHAHHS TEOPETUYHHUX Ta €KCIIEPUMEHTATBHUX JOCTIIKEHD Y
JTUCepTaliiHiil poOoTi chOpMyITHOBAHO I HAYKOBO OOIPYHTOBAHO HOBI IMOJIOKEHHS,
BUCHOBKM Ta TMPAaKTHYHI PEKOMEHJallli, CHOpsIMOBaHI Ha 3HWXKEHHS pPHU3HKIB
3a0pyJHEHHS] HABKOJHWIIHBOTO CEPEelOBUINAa HAa(QTOMPOAYKTaMH, IO BHUHUKAIOTH
YHACJIJIOK 30BHIMIHKOI  KOpO3ii cTajmeBUux HA(TONMPOBOIIB. 3amporOHOBAHO
METOAVYHMUMA TMIAX1JA 10 OLIHIOBAHHS 3aJIMIIKOBOIO pecypcy ixX eKcIuTyaralii,
3aCTOCYBaHHS $IKOTO JIO3BOJISIE€ MIABUIIMTH HAIIAHICTh Ta EKOJOTIYHY Oe€3IeKy
TpyOOTPOBITHUX CUCTEM.

Y nucepraiiiiHiii poOOTI 3ampoONOHOBAHO Ta OOIPYHTOBAHO METOJUKH
IIPOBENICHHST JOCITIDKeHb, SIKI Tepeadadand 3acTOCYBaHHS TEOPETUYHHX Ta
€KCIIEpUMEHTAJIbHUX METO/11B, 30KpEMa METOAIB KOPEISLIHHO-PErpeCiiiHOro aHami3y,
MaTEMaTHYHOTO MOJICITIOBaHHS, TPaBIMETPUIHOTO METOTY Ta 1HIIIHX.

VY po6oTi y3araabHEHO CyJacHi MIX0IH 0 TOCTIKEHHS KOPO31MHUX MPOIIEeCiB
y cTalneBuX HaPTOMpPOBOAAX Ta BCTAHOBIEHO, IO iX PO3BUTOK BU3HAYAETHCS
KOMILJIEKCHOIO B3a€EMOJIIEI0 ENEKTPOXIMIYHUX, (PI3UKO-XIMIYHUX 1 O10KOPO3IMHUX
YHMHHMKIB, MOB’S3aHUX 3 YMOBaMH €KCIUTyaTallii Ta XapaKTepUCTHKAaMHU I'PYHTOBOTO
cepenoBuiia. JloBeneHo, IO  e€JIEKTPOXIMIYHA  HEOJAHOPIJHICTh  MOBEPXHI
TpyOOTIPOBOIB CHPUYMHSAE YTBOPEHHS MAaKpOTajbBaHIYHUX EJEMEHTIB, SKi

BIUIMBAIOTh HA JIOKAIBHUM PO3MOJALT KOPO3IMHMX CTPyMIB Ta 1HTEHCUBHICTb



pyiiHyBaHHs MeTainy. [l omMcy UuX MpOIECiB 3alpONOHOBAHO MIAXOAM, IO
BpPaxoBYIOTh K MOMEPEYHUN, TaK 1 MOB3JOBXKHIM MEPEepO3NOALT eNIeKTPOXIMIYHUX
napameTpiB. BcranoBieHo 0cobauBOCTI mepediry Kopo3ii y 30HaxX 3BapHUX 3’ €IHAHb,
JIe TEOMETPUYHA Ta CTPYKTYpPHA HEOJAHOPIAHICTh METay 3yMOBIIIOE 3MIHY XapaKTepy
PO3MOUTY CTPYMIB 1 IiIBUIIEHHS JIOKAJTHOT KOPO31MHOI aKTHBHOCTI.

Y nauceptariiiHii po60Ti PoO3poOJEHO KOMIUIEKC MaTeMaTHYHUX MOoJesei
€JIEKTPOXIMIYHOT ~KOpO3il MaricTpadbHUX HAa(PTOMPOBOJIB, SKIi BPaxOBYIOTh
0co0MBOCTI (hOPMYBaHHS KOPO3IWHUX MPOIIECIB Y XapaKTEPHUX 30HAX EKCIUTyaTallii
TpyOONPOBIIHUX  CUCTEM.  30KpeMa, pO3pOOJICHO  MaTeMaTH4Hy  MOJEINb
€JIEKTPOXIMIYHOI ~KOpO3il TpyOONpoBOAY 3a YMOB YTBOPEHHS IOINEPEYHHUX
MaKpOTaJIbBaHIYHUX Map, 110 Jiaja 3MOTY BCTAHOBUTH 3aKOHOMIPHOCTI PO3MOJLTY
KOPO3IMHUX CTPYMIB MO MEPUMETPY TPyOU; MaTEeMaTUYHY MOJENb €IEeKTPOXIMIYHOI
KOpo3ii 3a yMOB (YHKI[IOHYBaHHS TOB3JIOBXKHIX MAaKpOTaJbBaHIYHUX TMap 3
ypaxyBaHHSAM IPOCTOPOBOi ~ HEOAHOPIAHOCTI  KOPO3IMHOrOo  MOTEHLialy Ta
MOJIAPU3AIIHHUX XapaKTEPUCTHK METaly; a TaKOX MaTeMAaTUYHY MOJENb JIOKaJbHOI
€JIEKTPOXIMIYHOI KOPO3ii B 30HaX 3BapHHUX 3’€/IHaHb HA(TOMPOBOAIB, KA BPAXOBYE
F€OMETPUYHY Ta EJEKTPOXIMIYHY HEOJHOPITHICTh MOBEpXHI MeTairy. Po3pobiieHi
MOJZeJIl JO03BOJISIIOTh MPOTHO3YBaTH PO3MOJAUT KOPO3IMHUX CTpyMiB, BH3HA4YaTH
HANOLIBII HEOE3MEeUH1 JUISTHKA PO3BUTKY KOPO31MHUX MOIIKO/HKEHB Ta IMiABUIIYBATH
JIOCTOBIPHICTh ~ OIIHIOBAaHHS  TEXHIYHOTO CTaHy ¥  3aJMIIKOBOTO  PECYypCy
TpyOONPOBITHUX CUCTEM.

3anponoHOBaHO MO/IEh O10KOPO31MHKX MPOIIECIB HA AUISHKAX TPYyOOIIPOBO/IIB
13 MOIIKO/IPKEHUM 130JISIUIHHUM MTOKPUTTSAM, sika 0a3yeThCsl HA BU3HAUEHH] TapaMeTpiB
€JEKTPUYHOIO TMOJISI B CUCTEMI «CTajlb — EJEKTPOJIT» Ta JI03BOJISIE€ OILIHIOBATH
PO3MOJT MOTEHINATIB 1 KOPO3IMHUX CTPYyMIB y 30HI nedekTy. 3a pe3yibTaTamu
EKCIIePUMEHTATBHUX JOCTiKEeHb MIATBEPKEHO CYTTEBUN BILJIMB BOJIOTOCTI TPYHTY
Ha IMBHUJIKICTh PO3BUTKY KOPO31MHMX MPOIeCciB. BUSBIEHO, 1110 MiABUIIIEHHS BOJIOTOCTI
CIPHSIE aKTUBI3alli €JIEKTPOXIMIYHOT KOPO31i Yepe3 3MEHILEHHS €IEKTPUYHOTO OIOPY
cepeZoBUIIa Ta IHTEeHCU(IKAIIF0 MACOTIEPEHOCY.

Bu3znaueHo 3aKOHOMIPHOCTI 3MiHU MIBUAKOCTI O10KOpO3ii cTali B PI3HUX TUIIAX

I'PYHTIB. BcTaHOBIIEHO, 1110 HAWOLIBIT arPECUBHUMU CEPEOBUIIIAMHU JIJISl €KCIUTyaTallii



cTajeBUX Ha(TOMPOBOJIB € 3BOJIOKEHI OpraHIuHI IPYHTH, 30KpeMa Topd’ sHi, Y STKUX
CIIOCTEPIraloThCcs MaKCUMaJbH1 KOPO31KHI BTPaTH METAIy.

OTpuMaHi pe3yJbTaTH CTBOPIOIOTH HAYKOBE MIAIPYHTS Al MPOTHO3YBAaHHSA
KOPO31MHOT0 CTaHy MiA3eMHHUX TPYOONPOBIIHUX CUCTEM, OIIIHIOBAHHS 3aJIMIIIKOBOIO
pecypcy ix Oe3medyHoi eKciuTyaTallii Ta BIOCKOHAJICHHS METOJIB 3a0e3MeUCHHS
€KOJIOT1YHO1 0e3MeKH MaricTpaibHUX Ha()TOIIPOBOIIB.

VY nepmioMy po3aiii MpoaHaNi30BaHO CYyYaCHUM CTaH HAyKOBHUX JIOCIHI/IKEHb
10710 3a0€3MeYeHHsT €KOJIOT1UHOT Oe3MeKH CTaeBUX Ha(TOMPOBOIIB Ta OI[IHIOBAHHS
iX 3aauImKoBOro pecypcy. Po3riasiHyTo ponb TpyOONpOBIIHOTO TPAHCIOPTY Y
dbopMyBaHHI TEXHOI€HHOTO HAaBaHTAXXEHHS HA JIOBKIJUIS, OCHOBHI MPUYMHU BTPATU
repPMETUYHOCTI HA(TOMIPOBO/IIB, 0COOIMBOCTI MEPEOITy KOPO31MHKX MPOIIECIB, CydacHI
MaTeMaTU4YHI MOJENl Ta METOAMKH OI[IHIOBAHHS  3aJUIIKOBOTO  PECYypCy
TpyOOINpPOBITHUX CUCTEM. 3a pe3yibTaTaMH aHalizy cGOpMYyJIbOBAaHO HAYKOBY
KOHIIETIIIIIO TOCTIIKeHHSI, BU3HAYEHO MOTro METY, 3aBJJaHHS Ta OCHOBHI HAIPSMH.

VY napyromy po3jiii HaBEJIEHO XapaKTEPUCTUKY 00’ €KTIB TOCTIIHKEHHS, 30KpeMa
rpyHTiB [lonTaBcbkoi 00macti Ta HaTOMPOBIIHOI MEpexl YKpaiHH, 0OrpyHTOBAHO
KOMIUJIEKC TEOPETHMYHUX 1 EKCIIEPUMEHTAIbHUX METOJIB JOCHiKeHHs. OnucaHo
METOJAMKMA BU3HAYEHHA (I3UKO-XIMIYHMX XapaKTePUCTUK IPYHTIB, IIBUAKOCTI
010K0pO3ii cTaji, BMICTY Cynb(haTiB, KHCIOTHOCTI CEPEIOBHINA, a TAKOXK I1IXOIH 10
MaTeMaTU4HOi OOpOOKM EeKCIEpUMEHTAIbHUX JaHUX 1 I[JIaHyBaHHS TOBHOTO
(aKTOPHOTO EKCIIEPUMEHTY.

VY TpeThoMy po3iii po3po0IeHO MaTeMaTHYHI MOJIEITl €JIEKTPOXIMIYHOT KOPO3ii
CTaleBUX Ha(TONpOBOJIB 33 yYMOB Jii MONEPEYHUX 1  MOB3JOBXKHIX
MaKkporajJlbBaHIYHUX Tlap, a TaKoX Yy 30Hax 3BapHUX 3 eAHaHb. [IpoBeneHo
€KCIIEpUMEHTAJIbHI JIOCTIPKEHHsSI 010KOpO31iiHOT aKTHBHOCTI TPYHTIB, BH3HAYEHO
BIUIUB (DI3UKO-XIMIYHUX BIJIACTUBOCTEH IPYHTOBOIO CEpENOBUINA HA HIBUAKICTH
KOpPO31MHUX TIPOIECIB Ta 3ampONMOHOBAHO MAaTEMAaTHYHy MOJeih Oi0Kopo3ii Ha
JISTHKaX TPyOOMNPOBO/IIB 13 MOMIKOKEHUM 130JISIIHHUM TTOKPUTTSIM.

VY derBepTOoMy pPO3IiTi PO3pOOJIEHO METOAWKY OIIHIOBAHHS 3aJIUIIKOBOTO
pecypcy craneBux Ha(TONPOBOMIB 3 ypaxyBaHHAM KOMILJIEKCHOTO BILIUBY

€JIEKTPOXIMIYHOI KOpO31i, MaKporajibBaHIYHUX MPOLECIB, 0COOIMBOCTEN KOPO3il y



30HaX 3BApHUX 3’€JIHAHb Ta O10KOPO31MHUX YHNHHHKIB. 3aMPOIOHOBAHO PO3PaXyHKOBI
3aJIeKHOCT] JUIsl BUSHAUEHHS TIMOWHU KOPO31MHOrO YypakeHHS 32 YMOB CTajoro Ta
MEPIOMYHOTO BIUIMBY EJIEKTPOJIITUYHUX PO3YUHIB, IIO JTO3BOJIAIOTH MPOTHO3YBATU
3IMIIIKOBUN pecypc 0€3IeUHOi eKcIuTyaTallii TpyOorpoBOAiB 1 MiHIMI3yBaTU PU3UKHU
3a0pyTHEHHSI TOBKIJLIA.

VY nucepratiifHiii poOOTI 3aMpPOINOHOBAHO METOIMKY OIIHIOBAHHS 3aJIUIIIKOBOTO
pecypcy 06e3reyHoi eKcIuTyaraiii HaTOMpOBOAIB 3 ypaXyBaHHSM IIONEPEYHOro Ta
MOB3JIOBKHBOTO  TMEPEPO3MOJUTY EJICKTPOXIMIYHHUX TMapaMeTpiB, 0OcOOIUBOCTEN
nepebiry Koposii y 30HaxX 3BapHUX 3 €JHaHb Ta O10KOPO3ii, 10 YHEMOKJIUBIIIOE
3a0pyIHEHHS JOBKULIS HAQTOMPOAYKTaMU BHACIIJOK MPOIECIB 30BHIIIHBOI KOPO3ii
CTaJIeBUX HAPTOMPOBOIIB.

[IpakTryHe 3HAYEHHS OJeP>KAaHUX PE3YJIbTATIB MOJSATAE Y PO3POOICHHI HAYKOBO
OOTPYHTOBAHMX MIJXOJIB 1 METOAMYHUX PIIICHb WIOAO 3amo0iraHHs 3a0pyAHEHHIO
HAaBKOJIMIITHROTO ~ CEPEJIOBMINA  MMiJi  4Yac  TPAHCIOPTYBAaHHS  BYTJIEBOJHIB
HadTOMpOBOJaMH. 3ampOINOHOBAaHI y POOOTI METOAM Ta MOJEIl BpPaXOBYIOTh
0COOJIMBOCTI NEPEOIry MPOILIECIB 30BHIIIHBOI KOPO31i CTajJeBUX HAQTOMPOBOIIB, BIJIUB
EJIEKTPOXIMIYHOT HEOJHOPIAHOCTI, OI0KOPO31MHMX YWHHUKIB Ta YMOB IPYHTOBOTO
CepeNoBHINA. IX 3aCTOCYBaHHS J03BOJAE MiJBHIIATH JOCTOBIPHICTH OLIHIOBAHHS
TEXHIYHOTO CTaHy Ha(TONPOBOMIB, MPOTHO3YBAaTHU PO3BUTOK  KOPO3IMHUX
HOILIKO/KE€Hb, BU3HAYATH 3JIMIIKOBUI pecypc Oe3MevHOoi eKCITyaTalii Ta CBO€4YacHO
BIIPOBAPKYBATH MPEBEHTUBHI 3aX0/I1 3aM00IraHHsl po3repMeTu3allii HaQTonpoBOIY.
[IpakTuuHa peamizaiisi OTPUMAHMX PE3YJIbTATIB CHPUITHME 3HIDKCHHIO PHU3HKIB
aBapiiHUX CUTYyalllli, BUTOKIB Ha(TOMPOIYKTIB 1 TEXHOT€HHOIO HABAaHTAXXEHHS Ha
JOBKULIS,, a TAKOX IMIJIBUILIEHHIO PIBHS €KOJOrIYHOI Oe3neku HadTOmpoBiIHOTIO
TPAHCIIOPTY.

KurouoBi cioBa: exonoriuHa Oe3mneka, TEXHOJOrli 3aXHUCTy HaBKOJUIIHBOTO
cepenoBuila, 3a0pyTHEHHSI JOBKUJUIS, TPAHCTIOPTYBAHHS BYTJICBO/IHIB, MAriCTpaTbHUAN
Ha(TONPOBi/, 30BHIMIHA  KOpO3id,  €JEKTPOXIMIYHA  KOpo3is, O10Kopo3is,
MakporajbBaHi4Hi MMapu, MaTeMaTUYHE MOJIEIIOBAaHHA, 3aJMIIKOBUN pecypc,
TEXHIYHHUU CTaH TPyOOIIPOBO/IiB, MPOTHO3YBAHHSI, IPYHTOBE CEPEIOBUIIE, €KOJIOTTUHA

HaJIHHICTb.



ABSTRACT

Stepovyi E.B. Development of theoretical foundations for preventing
environmental pollution during the transportation of hydrocarbons. — Qualification
scientific work in the form of a manuscript. Dissertation for the degree of Doctor of
Philosophy in the specialty 183 — Environmental Protection Technologies. — Yuriy
Kondratyuk Poltava Polytechnic National University of the Ministry of Education and
Science of Ukraine, Poltava, 2026.

The dissertation is devoted to solving the scientific and technical problem of
developing theoretical foundations for preventing environmental pollution during the
transportation of hydrocarbons by applying the proposed methodology for assessing
the residual resource of environmentally safe operation of oil pipelines.

The dissertation is devoted to solving the scientific and technical problem of
developing theoretical foundations for preventing environmental pollution during the
transportation of hydrocarbons by applying the proposed methodology for assessing
the residual resource of environmentally safe operation of oil pipelines.

As a result of theoretical and experimental research in the dissertation, new
provisions, conclusions and practical recommendations aimed at reducing the risks of
environmental pollution by oil products arising from external corrosion of steel oil
pipelines have been formulated and scientifically substantiated. A methodological
approach to assessing the residual resource of their operation has been proposed, the
application of which allows to increase the reliability and environmental safety of
pipeline systems.

The dissertation proposes and substantiates research methods that involve the
use of theoretical and experimental methods, in particular, methods of correlation-
regression analysis, mathematical modeling, gravimetric method and others.

The paper summarizes modern approaches to the study of corrosion processes in
steel oil pipelines and establishes that their development is determined by the complex
interaction of electrochemical, physicochemical and biocorrosion factors associated
with operating conditions and characteristics of the soil environment. It is proven that
the electrochemical heterogeneity of the pipeline surface causes the formation of

macrogalvanic elements that affect the local distribution of corrosion currents and the



intensity of metal destruction. To describe these processes, approaches are proposed
that take into account both transverse and longitudinal redistribution of electrochemical
parameters. The features of the corrosion process in the areas of welded joints are
established, where the geometric and structural heterogeneity of the metal causes a
change in the nature of the current distribution and an increase in local corrosion
activity.

The dissertation work develops a set of mathematical models of electrochemical
corrosion of main oil pipelines, which take into account the features of the formation
of corrosion processes in characteristic areas of operation of pipeline systems. In
particular, a mathematical model of electrochemical corrosion of a pipeline under the
conditions of the formation of transverse macrogalvanic pairs has been developed,
which made it possible to establish the patterns of distribution of corrosion currents
along the perimeter of the pipe; a mathematical model of electrochemical corrosion
under the conditions of the operation of longitudinal macrogalvanic pairs taking into
account the spatial heterogeneity of the corrosion potential and polarization
characteristics of the metal; as well as a mathematical model of local electrochemical
corrosion in the areas of welded joints of oil pipelines, which takes into account the
geometric and electrochemical heterogeneity of the metal surface. The developed
models allow predicting the distribution of corrosion currents, determining the most
dangerous areas for the development of corrosion damage, and increasing the reliability
of assessing the technical condition and residual resource of pipeline systems.

A model of biocorrosion processes in sections of pipelines with damaged
insulating coating is proposed, which is based on determining the parameters of the
electric field in the "steel - electrolyte” system and allows assessing the distribution of
potentials and corrosion currents in the defect zone. The results of experimental studies
confirmed the significant influence of soil moisture on the rate of development of
corrosion processes. It was found that an increase in humidity contributes to the
activation of electrochemical corrosion by reducing the electrical resistance of the
medium and intensification of mass transfer.

The patterns of changes in the rate of biocorrosion of steel in different types of

soils were determined. It was established that the most aggressive environments for the



operation of steel oil pipelines are humidified organic soils, in particular peat soils, in
which maximum corrosion losses of metal are observed.

The results obtained create a scientific basis for predicting the corrosion state of
underground pipeline systems, assessing the residual resource of their safe operation
and improving methods for ensuring the environmental safety of main oil pipelines.

The first section analyzes the current state of scientific research on ensuring the
environmental safety of steel oil pipelines and assessing their residual resource. The
role of pipeline transport in the formation of man-made environmental loads, the main
causes of loss of tightness of oil pipelines, the features of the course of corrosion
processes, modern mathematical models and methods for assessing the residual
resource of pipeline systems are considered. Based on the results of the analysis, the
scientific concept of the study is formulated, its goal, objectives and main directions
are determined.

The second section provides a description of the research objects, in particular
the soils of the Poltava region and the oil pipeline network of Ukraine, and justifies a
set of theoretical and experimental research methods. Methods for determining the
physicochemical characteristics of soils, the rate of steel biocorrosion, sulfate content,
acidity of the environment are described, as well as approaches to mathematical
processing of experimental data and planning of a full factorial experiment.

The third section develops mathematical models of electrochemical corrosion of
steel oil pipelines under the action of transverse and longitudinal macrogalvanic pairs,
as well as in the zones of welded joints. Experimental studies of the biocorrosion
activity of soils have been carried out, the influence of the physicochemical properties
of the soil environment on the rate of corrosion processes has been determined, and a
mathematical model of biocorrosion on sections of pipelines with damaged insulating
coatings has been proposed.

In the fourth section, a methodology for assessing the residual resource of steel
oil pipelines is developed, taking into account the complex influence of
electrochemical corrosion, macrogalvanic processes, corrosion features in welded joint
zones, and biocorrosion factors. Calculation dependencies are proposed for

determining the depth of corrosion damage under conditions of constant and periodic



exposure to electrolytic solutions, which allow predicting the residual resource of safe
operation of pipelines and minimizing the risks of environmental pollution.

The dissertation proposes a methodology for assessing the residual resource of
safe operation of oil pipelines, taking into account the transverse and longitudinal
redistribution of electrochemical parameters, the features of the course of corrosion in
the zones of welded joints and biocorrosion, which makes it impossible to pollute the
environment with oil products as a result of the processes of external corrosion of steel
oil pipelines.

The practical significance of the results obtained lies in the development of
scientifically sound approaches and methodological solutions to prevent environmental
pollution during the transportation of hydrocarbons by oil pipelines. The methods and
models proposed in the work take into account the features of the course of the
processes of external corrosion of steel oil pipelines, the influence of electrochemical
heterogeneity, biocorrosion factors and soil environment conditions. Their application
allows to increase the reliability of assessing the technical condition of oil pipelines,
predict the development of corrosion damage, determine the residual resource of safe
operation and timely implement preventive measures to prevent depressurization of the
oil pipeline. The practical implementation of the results obtained will contribute to
reducing the risks of emergencies, oil product leaks and man-made environmental
pollution, as well as increasing the level of environmental safety of oil pipeline
transport.

Keywords: environmental safety, environmental protection technologies,
environmental pollution, hydrocarbon transportation, main oil pipeline, external
corrosion, electrochemical corrosion, biocorrosion, macrogalvanic pairs, mathematical
modeling, residual resource, technical condition of pipelines, forecasting, soil

environment, ecological reliability.



