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PEDEPAT

[TosicHroBasibHa 3amucka: 97 ctopinku, 13 Tabnuip, 13 pucyHki, 126 mxepen.

[MIABO/IHI ITEPEXO/IN, MAT'ICTPAJIbHI TPYBOITPOBO/IY,
HAJIMHICTh, KOPO3IA, TIAPOJAMHAMIYHI BIUIMBU, JIATHOCTUKA,
[IPOTUKOPO3IMHUI 3AXUCT, METOJI "KPUBUX", EKOJIOI'TYHA
BE3IIEKA, OXOPOHA TIPALII

AKTyaJbHicTh po6oTH: [1i1BOIHI NTepexoiu MariCTpaibHUX TPYOOIPOBOIIB €
KPUTUYHO BAXJIMBUMH €JIEMEHTaMH HadTOra3oBoi 1HPPACTPYKTypH, ajie Iix
Bpas3nuBIiCTh A0 aBapii (mo 70-80% ycix BiAMOB TpyOONpPOBOMAIB) 3yMOBJIECHA
TAPOAMHAMIYHUMHM  BIUIMBaMH, KOpO3i€l0, PYCIOBUMHU jJepopMaiisiMd  Ta
MEXaHIYHUMU TOMIKO/KEeHHAMU. CTapiHHS TpyOOIPOBOIIB, KIIMATHYHI 3MIHHU, IO
MTOCWIIIOIOTh €pO3il0 Ta MOBEHI, a TAKOX BUCOKI €KOJIOT1YHI PU3UKHA BUTOKIB HahTH Yy
BOJH1 00’ €KTH pOOJIATh TOCHIIPKEHHS 1X Ha{IMHOCTI BKpail akTyaJlbHUM. Y KOHTEKCTI
E€HEePreTUYHOI KpU3U Ta HEOOX1THOCTI 3a0€3MEUCHHS CTAJIOTO PO3BUTKY, MiBUILICHHS
Oesrekn 1 edEeKTHUBHOCTI MIJBOAHUX TMEPEXOAIB Ma€ CTpaTeriuHe 3HA4YeHHS IS
eHepreTuyHoi Oe3neku YKpaiHu.

Meta pobotu: JocnimkeHHss (akTtopiB, [0 BIUIMBAIOTh Ha HAAIMHICTh
MIJBOAHUX TEPEXO/IiB MariCTpalbHUX TPYyOONPOBOJIIB, Ta PO3pOOKAa pEKOMEHAIlIN
10/I0 3HM)KEHHSI aBapiHOCTI, MIABUIIEHHS €KOJIOTTYHOT O0€3MeKu ¥ epeKTUBHOCTI iX
eKCIUTyarTartii.

3axaui podoru:

o BuBuYNTH KOHCTPYKTHBHI OCOOJIMBOCTI Ta KiIacU(pIKaIli o MiIBOAHUX MTEPEXO/IIB.

o IlpoananizyBaT mMpUYMHMA BUHUKHEHHS aBapiiHUX CUTyaIlid Ta iX BIUIMB Ha
mpare3aTHICTh TPyOOIPOBOIIB.

o OmiHUTH €(QEeKTUBHICTh METOJIB [IarHOCTHKK CTaHy Tpac IMiJABOIHUX

NePEXO/IiB.

o Po3poOuTH 3ax0/111 3 OXOPOHM Tpalli Ta 3aXUCTy HABKOJMIITHBOTO CEPEIOBHIIIA.
e 3anpornoHyBaTH MNPAKTUYHI PEKOMEHAAIli JJIs MiJBUIICHHS HaAIMHOCTI Ta

JIOBFOBIYHOCTI TT1JIBOJTHUX TIEPEXO/IIB.

IIpeamerom pocaigkeHHs € HATIHHICTD MMiIBOJHUX MEPEXO/IIB MariCTpaIbHUX
TpyOONpPOBO/IB, BKIIOYAIOUM X KOHCTPYKTHBHI, TIPOJIOTIUHI Ta EKCIUTyaTaliiHi
xapakTepucTuki. Q0’€KTOM AOCTII:KeHHS € TIABOIHI MEPEXOAH SK T1IPOTEXHIUHI
CUCTEMH, 1110 320€3MeUyI0Th TPAHCIIOPTYBAHHS BYTJIEBOIHIB YEPE3 BOIHI MEPEIIKOIM.

HoBu3Ha oxep:kaHux pe3yJbTaTiB MOJISATa€ y cucremMaTusailii (akTopis, 110
BIUIMBAIOTh HA aBapilHICTh IIJBOJHUX MEPEXOMAiB, Ta OOIPYHTYBaHHI €(h)EeKTHBHOCTI
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Cy4acCHUX TEXHOJIOT1H CIOpy/KEHHS (MeTo1 "KpUBHX'", MOXUJIO-CIIPSIMOBAaHE OYpPIHHS)
1 jgiarHocTuku  (OaraTokaHalibHI — mpodiuieMepr, MarHiTHI  Je(EeKTOCKOIH).
3anpornoHOBaHO KOMIUIEKCHUM MiAXiA 10 MPOTHO3YyBaHHS PYCIOBUX nedopmarii 1
OLIIHKK KOPO31MHOi aKTUBHOCTI, IO BPaxoBYE TiApoMOpQOIOTiyHI OCOOIMBOCTI
BOJHUX 00’ €KTIB.

IIpakTU4Hi pe3yJabTaTH BKJIKYAIOTH:

o Knacudikarriro migBogHUX IEPEXO/IIB 32 TpyHaMu CKJIaJHOCTI Ta PEKOMEH 1Al
1010 BUOOPY KOHCTPYKTUBHUX PIIICHb.

o Amnaimi3 npuunH aBapiit (72% — BiOpailist pO3MUTUX AUISIHOK, 11% — MexaH14yH1
MOIIKOJKEHHS, 9% — KOpOo3is) Ta METO/IM iX 3aro0iraHHs.

o O1iHKy €EeKTUBHOCTI BHYTPIIIHBOTPYOHOI 1IarHOCTUKHU Ta €IEKTPOMETPIi JJIsl
BUSIBJICHHSI 1€ (PEKTIB.

o Pexomenparii moa0 3acToCcyBaHHs METOAY "KpUBUX" 111 CKOPOUEHHS TEPMIHIB
1 BUTpaT Ha OyAIBHUIITBO.

o 3axoau 3 0XOpOHHM mparll (IHCTPYKTaxi, 3aCO0U 1HIUBIIYaTbHOTO 3aXHUCTY) Ta
€KOJIOT1YHO1 Oe3neKu (peKyJJIbTUBAIllS 3eMeNb, EKpaHyBaHHS Pe3epPBYapiB).
I[IpakTuyHe 3HAYEeHHs] POOOTH MOJAra€ y po3poOllll pPEeKOMEHJAlllH, Kl

CIPUSIOTh 3HIDKCHHIO aBapiHOCTI MIJABOJHMX TMEPEXOJiB, MIABUIIEHHIO 1X
noBroeiyHocTi (1o 30-50 pokiB Oe3aBapiiiHOI €KCIUTyaTalii) Ta MiHIMI3alli
€KOJIOTIYHUX PU3UKIB. BITpOBaXKEHHSI 3aIPOIMIOHOBAHMX 3aXO0/1B, TAKUX SIK PETYIISIpHA
JIarHOCTHKA, BUKOPUCTAHHS MPOTUKOPO3IMHUX TOKPHUTTIB 1 Cy4aCHUX TEXHOJIOTIH
OyIIIBHUIITBA, I03BOJISIE ONITUMI3yBaTH €KCILTyaTaIlito TpyOOpOBO/IiB, 3a0e3neuyoun
€KOHOMIYHY €(DEeKTHUBHICTH 1 CHEPTETHUYHY OE3IEeKY.

Y npoueci mNpPoeKTYBAHHS NPOBOAMJIMCH: JITEPATypHI JOCIHIKEHHS
HOPMAaTHBHUX JOKYMEHTIB, HAYKOBHX JKEpe 1 Cy4aCHUX TEXHOJIOT1 y HaTOra3oBiii
rajiy3i; aHaji3 MIKJIMBUX 1 HeOe3neuyHux (akTopiB (MApoJuHaAMIYH1 HABAaHTAXKEHHS,
KOpO3is, MEXaHIYH1 MOIIKOJKEHHS, BUPOOHUYI PU3MKH); PO3pOOKa 3aXOAIB ISl iX
MOTIEPEKEHHS, BKITIOYAIOUX MPOTUKOPO31MHUIN 3aXUCT, TOCUIICHHS O€pPETOyKPITUICHD,
aBTOMATH3AIIIIO JIarHOCTUKH Ta 3a0e3NeUeHHs Oe3MeKH Mpalli ¥ eKOJIorii.



ABSTRACT

Explanatory note: 97 pages, 13 tables, 13 figures, 126 sources.

UNDERWATER  PIPELINE  CROSSINGS, MAIN  PIPELINES,
RELIABILITY, CORROSION, HYDRODYNAMIC IMPACTS, DIAGNOSTICS,
ANTI-CORROSION PROTECTION, “CURVED” METHOD, ENVIRONMENTAL
SAFETY, OCCUPATIONAL SAFETY

Relevance of the Study: Underwater crossings of main pipelines are critical
components of the oil and gas infrastructure, yet they are highly susceptible to failures,
accounting for 70-80% of all pipeline incidents. These failures stem from
hydrodynamic impacts, corrosion, riverbed deformations, and mechanical damage.
The aging of pipelines, climate change-driven increases in erosion and flooding, and
the high environmental risks associated with oil spills into water bodies make the study
of their reliability highly relevant. In the context of the energy crisis and the need for
sustainable development, enhancing the safety and efficiency of underwater crossings
is of strategic importance for Ukraine’s energy security.

Objective of the Study: To investigate the factors affecting the reliability of
underwater crossings of main pipelines and to develop recommendations for reducing
failure rates, improving environmental safety, and enhancing operational efficiency.

Tasks of the Study:

o To examine the design features and classification of underwater crossings.

o To analyze the causes of emergency situations and their impact on pipeline
performance.

o To evaluate the effectiveness of diagnostic methods for assessing the condition
of underwater crossing routes.

o To develop measures for occupational safety and environmental protection.

o To propose practical recommendations for improving the reliability and
durability of underwater crossings.

Subject of the Study: The reliability of underwater crossings of main pipelines,
encompassing their design, hydrological, and operational characteristics. Object of the
Study: Underwater crossings as hydrotechnical systems ensuring the transportation of
hydrocarbons across water barriers.

Novelty of the Obtained Results: The study provides a systematic analysis of
factors contributing to the failure of underwater crossings and substantiates the
effectiveness of modern construction technologies (e.g., the “curved” method,
directional drilling) and diagnostic tools (e.g., multi-channel profilers, magnetic
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defectoscopes). A comprehensive approach to predicting riverbed deformations and
assessing corrosion activity, considering the hydromorphological features of water
bodies, has been proposed.

Practical Results Include:

o Classification of underwater crossings by complexity groups and
recommendations for selecting design solutions.

o Analysis of failure causes (72% — vibrations of eroded sections, 11% —
mechanical damage, 9% — corrosion) and methods to prevent them.

« Evaluation of the effectiveness of in-line diagnostics and electrometry for defect
detection.

« Recommendations for using the “curved” method to reduce construction time
and costs.

« Measures for occupational safety (briefings, personal protective equipment) and
environmental protection (land reclamation, reservoir screening).

Practical Significance of the Study: The developed recommendations
contribute to reducing the failure rate of underwater crossings, extending their service
life (up to 30-50 years of failure-free operation), and minimizing environmental risks.
Implementing these measures, such as regular diagnostics, anti-corrosion coatings, and
modern construction technologies, optimizes pipeline operation, ensuring economic
efficiency and energy security.

During the Design Process, the Following Were Conducted: Literature
reviews of regulatory documents, scientific sources, and modern technologies in the
oil and gas industry; analysis of hazardous and harmful factors (hydrodynamic loads,
corrosion, mechanical damage, occupational risks); and development of preventive
measures, including anti-corrosion protection, reinforcement of bank protections,
automation of diagnostics, and ensuring occupational and environmental safety.
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BCTVII

Y cydyacHMX yMOBax pO3BUTKY Ha(TOra3oBoi ramgy3i YKpaiHM Ta CBITY
TpyOOIPOBIAHUN TPAHCHIOPT BIJITpa€e KIIOYOBY pOJib Y 3a0e3MeueHH] eHepreTUYHOl
0e3neKy, TPaHCIOPTYBaHHI BYTJEBOJHEBOI CHPOBUHU Ta MIATPUMII EKOHOMIKH.
[linBomHI Tepexoad MaricTpaidbHUX TPYOONPOBOIIB, SK KPUTHUYHI €JIEMEHTH
1HQpaCTpyKTypH, TMEpPEeTHHAIOTh pIUYKH, O3€pa Ta 1HII BOAHI TMEPEIIKOMIH,
3a0e3neuyroun Oe3nepepBHICTh noctayanb. OHAK, 32 JaHUMU CTATUCTHUKU, caMe I
JUISTHKYA € HalO1IbII Bpa3IuBUMH JI0 aBapii, 1o cTaHoBIATh 10 70-80% ycix BiAMOB
y cuctemMax TpyOOImpOBOAHOIO TpaHCHOPTY. [IpuynHM BKIIIOYAIOTH T1POJUHAMIYHI
BIUTMBH, KOPO3it0, PyCJI0B1 AedopMallii, MEXaHI4HI MOIIKOIKEHHS BiJl CyTHOIJIAaBCTBA
Ta JIbOJAOXO/Y, @ TAaKOXK BiOpalliiiHI HaBaHTaXEHHS, AKI MPU3BOJATH /10 PO3MUBIB,
MIPOBHUCaHb 1 pO3PUBIB TPYO.

AKTyalbpHICTh JOCITI/DKCHHS HAIIHHOCTI TMIJIBOJHUX TEPEXOIiB 3YMOBJICHA
kiibkoma (axropamu. Ilo-mepie, crapiHHS I1CHYIOYOi 1HGPACTPYKTypH: 3HA4YHA
yacTUHa TpyOOIPOBOIIB B YKpaiHi eKCIuTyaTryeThest moHas 30-50 pokiB, 110 MiBUIILYE
PU3HK BIJIMOB uYepe3 Hakomu4eHHs AedekTiB (Kopo3is, BToma metany). [lo-mpyre,
KJIIMATUYHI 3MiHU TOCUJIIOIOTH T1IAPOJIOTIYHI PU3HKHU — YaCTillll TOBEHI, €po3is OeperiB
1 3MiHa PEXUMIB PIUYOK, AK IOKA3aHO B TIAPOMOPQOJIOTIUHUX HOCIIHKEHHSX.
Hanpuknag, y 6aceitnax /[Hirpa Ta IHIIKUX PiYOK CIOCTEPIratoThCs IHTEHCUBHI PYCIIOB1
nepeOpMyBaHHs, 110 BUMArarmTh 1HAMBIAYAJbHUX MIIXOJIB 10 MOHITOPUHTY Ta
peMoHTy. [lo-Tpere, exonoriyHl HACHIIKK aBapiii: BUTOKA HaTH YW Ta3zy B BOMAHI
00'€eKTH TIPU3BOAATH 110 3a0pyAHEHHS, MKOIU 010pi3HOMAHITTIO Ta JOBrOCTPOKOBHX
BUTpAT Ha PEKYJbTUBAIIIIO, SIK Y BUIAKAX aBapii Ha piukax MUpUHOO moHa S00 m.

EXOHOMIYHMII aclieKT TaKOK KPUTHUYHMIA: BAPTICTh PEKOHCTPYKLIL MIIBOAHOTO
Mepexo/ly 4acTo IMOpiBHSHHA 3 OYJIIBHUITBOM HOBOTO, a MPOCTOI dYepe3 apapii
MPU3BOJATH J10 BTPAT Y MUIbSIpJIU TpUBEHbB. 3riHO 3 HopMamu JIbH Ta Mi>kHapoiHUMHU
crangaptamu (API, ISO), migBuieHHs HaAIMHOCTI BUMAarae iHTErparii cy4acHUX
METO/IB JIarHOCTUKH (BHYTPIIMTHBOTPYOHA 1HCIIEKIIIs, €JICKTPOMETPIsi) Ta TEXHOJIOT1H
OyIiBHUIITBA (TOPU3OHTAILHO-CIIPsIMOBaHE OypiHHS, MeTO "KpuBUX"). Y KOHTEKCTI
eHepretnyHoi kpu3u 2020-X pOKIB, CHPUYUHEHOI TEOMOTITUYHUMH (PakTopamu,
JOCIIJKEHHS CIIPUsie ONTUMI3allll eKCIUTyaTallii, 3SMEHIIEHHIO PU3UKIB 1 EPEeXo1y 10
CTIAKUX CUCTEM.

TakuM YMHOM, BHUBYEHHS HAIIWHOCTI MIJBOJHUX TMEPEXOAIB J03BOJISE
PO3pOOUTH HAYKOBO OOIPYHTOBaHI peKOMEHAAIlli 100 MPOTHO3YBaHHS BiJAMOB,
BHOOPY KOHCTPYKIIIHA 1 3aXMCHUX 3aXOiB, IO MIJBUIIUTE 0€3MeKy, e(hEeKTUBHICTD 1
CTaJIICTh TPYOOMPOBITHOTO TPAHCIIOPTY B YMOBAX CYy4aCHUX BUKJIHKIB.
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BUCHOBKU

JlociiKeHH HaAIMHOCTI MiIBOJJHUX MEPEXOAiB MariCTpaibHUX TPyOOIIPOBO/IiB,
IIPOBEJICHE B paMKax KBaii(ikariiiHoi poOOTH, MO3BOJUIO KOMILJICKCHO OIIIHUTH
(hakTopw, 1110 BIUTUBAIOTh HA TX OE3IEKY, JOBrOBIYHICTh Ta €(PEKTUBHICTh CKCILTyaTaIlii.
[ligBomHI Tepexomd € KPUTUYHO BAXJIMBHMH  €JeMEHTaMH  HadTorasoBoi
1H(}pacTpyKTypH, ajie iX Bpa3IuBICTh J0 TAPOAMHAMIYHHUX, KOPO3IMHUX 1 TEXHOTEHHUX
BIUTMBIB POOUTH X HANOLIBII aBapifHUMHU IUISHKaMU TpyoompoBoaiB. OCHOBHUMH
MpUYMHAMU BIIMOB € BiOpallis po3MUTUX JUITHOK (72%), MEXaH14H1 MOIIKOI>KEHHS Bl
cyneH 1 sikopiB (11%), xoposis (9%) Ta aedekru 3BaproBaHHS (4%), 0 3yMOBJICHI
nepepopMyBaHHSIM pycia, €po3i€ro OeperiB 1 arpeCUBHUM BOJTHUM CEPEOBUILIEM.

CydacHi METOJM I1arHOCTUKH, TaKl SIK BHYTPIIIHbOTpyOHA mpodiiemMeTpis,
Mar"iTHa Je(EeKTOCKOIisl Ta EeJIEKTPOMETpis, 3a0e3MeuyloTh CBOEYACHE BUSBICHHS
reOMETPUYHUX aHOMAaNii, KOPO31MHUX AE€(EKTIB 1 MOPYyIIEHb 130J11i. 3aCTOCYBaHHS
TEXHOJIOT1M  MOXWJIO-CIPSIMOBAHOTO OypiHHS Ta MeToAy "KpuBHX'" JTO3BOJISIE
ONTHUMI3YBaTH CHOPYIKEHHS TEPEXOJliB, CKOPOUYIOYM TEpPMIHM OymiBHUITBA Ta
eKojoriyHuii  BIJTUB. [IpOTUKOpPO3IMHUN 3aXHCT, BKIIOYAIOUM TOJIMEPHO-OITYMHI
MOKPUTTSA Ta KaTOAHUM 3aXUCT, 3HIKYE IBUIKICTh KOPO31i 10 MIHIMAJILHUX 3HA4YEHb, a
PEryJAsipHUI MOHITOPUHT T1IPOJIOTIYHUX YMOB 1 O€pEroyKpiluieHb 3MEHILYE PU3UKU
PO3MUBIB.

OxopoHa mpari Ta ekoyioriyHa Oe3neka 3a0e3MeuyroThCcsl uepe3 CyBOpe
JOTPUMAHHSI TEXHIKH O€3MEeKH, BUKOPUCTAHHS 3aco0iB 1HJWBIIYaJbHOTO 3axXHCTY,
PO3NUTHEHUY 301p BIXO/IB 1 pEKYJIBTHBAIIIIO 3eMeNb. KOMITTIEKCHUI MiIX1/1, 10 TIOETHYE
MIPOTHO3YBaHHS PyClIOBUX JedopMalliii, BIOCKOHAJIECHHS! KOHCTPYKIIN 1 aBTOMATU3ALII0
MOHITOPHHTY, J03BOJISIE NOCATTH Oe3aBapiitHOi ekcruryarariii mpotsrom 30-50 poxkis.
OTpumMaHi pe3yabTaTé MiAKPECIIOITh HEOOX1THICTh THTETpallii Cy4YacHUX TEXHOJIOTIH 1
HOPMATMBHUX BHUMOT JUIsl MIJABHUINCHHS HAIIMHOCTI TMIIBOJHUX TEPEXOMAiB, IO €
KITFOYOBHUM JIJISI EHEPTETUYHOI O€3MEeKH Ta CTAJIOTO0 PO3BUTKY HA(PTOra30BOTO CEKTOPY
VYkpainu. [lonanbi AOCTIAKEHHS BapTO CHOPSIMYyBaTH HA PO3BUTOK LIU(PPOBUX CUCTEM
MOHITOPHHTY, aJanTalliio A0 KIIMaTHYHMX 3MiH 1 BJIOCKOHAJCHHS MarepiaiiB s

130JIsA11.
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