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EKOHOMIKA

YIK 656.6:336.7 DOI https://doi.org/10.33082/td.2025.4-27.01

AHAJII3 TPUBATHUX IHBECTHUIIN Y CYTHOBY/IYBAHHI:
CBITOBHMM JJOCBIJ]

0O.B. KonmuioBa
K.€.H., JIOIICHT, noueHT Kadenpu «Exoromika i pinaHCHY,

Ooecvkutl HayionanbHull MopcvKul yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0002-9163-3369

Anomauisn

Bemyn. CyonoOyoysanns 8idiepae 8ax)ciugy poib y 6a2amvox CyMINCHUX 2a1Y38X ma
HayloHanbHill ekoHoMiyi 3azanom. L{a eanyss enaueae Ha KOHKYpEeHmMo30amuicms oep-
arcasu i eKoHoMiKo-nonimuure cmanosuuge y ceimi. Cman cyonobyoisnoi eanysi 6esno-
CcepeoHbo BNIUBAE HA PO3BUMOK CYOHONIABCEA, 1020 3a0e3neUeHHsl GUCOKOMEXHONO0-
2iyHuMu ma enepeosoepizaiouumu cyonamu. Illonpu nasenicmo 3Haunoi yeazu HAyKosyie
i npakmuxie 00 npoonem inancyeants ma po3euUmKy CyOHONIA6CMEA, HU3KA ACNEKmie
3AMUMAEMbCA  He 00CUumb yu (hpazmenmapHo docrioxcernor. Mema. Cmamms npu-
CBAYCHA BUBHAYEHHIO MEHOeHYIl ma npodiem npueamuo20 iHeecmysanus y cyoHoo)-
OVBAHMS HA MIJICHAPOOHOMY DIGHI 3 AKYEHMOM HA €8PONEUcbKUli 00csio. Pesynomamu.
Oxapakmepu306aHo cyuacHi nompebu 6 ingecmuyiax cyoHo0y0ieHoi eany3i nio eniu-
80M (DIHAHCOBO-EKOHOMIUHUX 2100aNi3ayiiHuX UKIUKIE. Busnaueno cyuacni nanpsamu
NpUBAMHO20 iHEeCmyB8aHHA Y CYOH0OYIdyeanui. lIpoananizosano HaaeHi iHCMpyMeHmu
Qinancysanus cyOHONIABCMEA ma GU3HAYEHO HAUDINbUL eheKMUBHI ma NepcneKmus-
Hi 0ns euxopucmanus. Chopmyrbo8ano pekomMeHoayii Wooo onmumMaibHoi cmpame-
2ii’ 3anyuenHs npusamuo2o Kkanimaiy 00 cyoHoOYOieHoi eanysi. Bucnosku. Cmabinbho
3pocmaioui 0ocsaeu c8imogoi MopcbKoi mopeieni maroms 8i0n06iOHO 3a0e3neyy8amucs
3pOCMaHHAM C8Imoo2o ghnomy ma tio2o micmxicmio. CyOH00YOy8anHs Mae He MilbKu
KOHKYpYSamu 3a WeUOKicms ma 6e3nexy mpaucnopmyeaHus 6aHmaicie, a i Mac 6io-
nosioamu HU3Yi MIHCHAPOOHUX YMO8 ma Cmanoapmis ujo0o oekapbonisayii. /lexap6o-
HI3ayis c8iM06020 CYOHONIABHO2O (DIIOMY 8UMALAE 3HAUHUX [HBECIUYIIHUX pecypCis.
Incmpymenmu cmanozo @inancysanns, 6KI0OUAOYUY 3e1eHe, CUHE ma smiuane Qinam-
CYBAHHS, WO NOEOHYIOMb Nilbe08e Ma KoMepyilune (QIHAHCY8AHHA, BI0iepABAMUMYMb
YenmpaneHy ponv y 3ade3neuenni HeoOXionux xowmie. 3anposadcenns npasui base-
a5 1l wooo eumoe 0o kanimaiy 3Ha4HO 30II6UUILO BUMOU OO0 CYOHONIABHUX KOMNAHIL
ma eumpamu Ha QIHAHCYBAHHA 00820CHPOKOGUX KPEOUMHUX 30006 sA3aHb. 3anpono-
HOBAHUI AIbMEPHAMUSHUI NIOXIO NOAA2AE Y CIMUMYIAYIT HeOAHKIGCHKUX ddicepen Kpe-
Oumy8aHHs, AKI He nionadarms nio 32adaui umocu 00 bauKiscvko2o kanimany. Taxum
YUHOM, 3 AGIAIOMBCA HECMAHOAPMU3068AH] NPOOYKMIU, AKI NPONOHVIOMbCA 8 KOMCHO-
MY OKpeMOMY 6UNAOKY, 3ANeHCHO IO KOHKPEMHUX nomped ma 06CmasuH KOHCHO2O0

© Konuaioa O.B., 2025
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knienma. Oouax inghopmayis npo cneyianizogaui cyOHONIAGHI NPOOYKMU, WO NPONO-
HYIOMbCA NPUBAMHUMU OAHKamu, € obmedceHow. Biocymuicmes npozopocmi ycKaao-
HIOE 051 CYOHONIABHUX KOMNAHIT NOBHE POZYMIHHS CE0IX MOJNCIUBOCHEN MA NPULIHAM-
ms 00IPYHMOBAHUX piuteHb. Taxum yunom, nocmae nUmManHs wooo CmaHoapmusayii
Ginancosux piwienv 015 CyOHONIABCMEA, WO 0A3YIOMBCA HA NPUBATNHOMY KANIMAii.
Taxi cmanoapmu306ani 6apiaHmu 3MoXHCYymb 3a0e3neyumu wupuuti docmyn 00 Qinan-
CYBAHHS, 3HUSUMU MPAHCAKYIUHI 8UMpPaAmu ma cnpocmumu npoyec 0jist 6a2amovox cyo-
HONIAGHUX KOMAAHIH.

Knrouosi cnosa: ingecmuyii, npusamuuti Kanimai, CyOHONIABCME0, CYOHOOYY8aH-
H3, OekapOoHizayis, cmpamezis, MOPCbKA MOpP2ieis, PUHOK YIHHUX Nanepis.

ANALYSIS OF PRIVATE INVESTMENT IN SHIPBUILDING:
WORLD EXPERIENCE

0.V. Kopylova
Associated Professor, Department of Economics and Finance,
Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0002-9163-3369

Summary

Introduction. Shipbuilding plays an important role in many related industries and
the national economy as a whole. This industry affects the country competitiveness,
the economic and political situation in the world. The state of the shipbuilding
industry directly affects the development of shipping, its provision with high-tech and
energy-saving vessels. Despite the significant attention of scientists and practitioners
to the problems of financing and development of shipping, a number of aspects remain
insufficiently or fragmentarily researched. Purpose. The article is devoted to identifying
trends and problems of private investment in shipbuilding at the international level
with an emphasis on European experience. Results. The current investment needs of
the shipbuilding industry under the influence of financial and economic globalization
challenges are characterized. Modern directions of private investment in shipbuilding
are identified. Existing shipping financing instruments are analyzed and the most
effective and promising ones are identified for use. Recommendations are formulated
regarding the optimal strategy for attracting private capital to the shipbuilding industry.
Conclusions. The steadily growing volume of world maritime trade must be matched
by the growth of the world fleet and its capacity. Shipbuilding must not only compete
for the speed and safety of cargo transportation, but also comply with a number of
international conditions and standards for decarbonization. Decarbonization of the
world shipping fleet requires significant investment resources. Sustainable financing
instruments, including green, blue and blended finance, combining concessional and
commercial financing, will play a central role in providing the necessary funds. The
introduction of Basel II rules on capital requirements has significantly increased
the requirements for shipping companies and the cost of financing long-term debt
obligations. The proposed alternative approach is to stimulate non-bank sources
of credit that are not subject to the aforementioned bank capital requirements.
Thus, non-standardized products appear, which are offered on a case-by-case
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basis, depending on the specific needs and circumstances of each client. However,
information on specialized shipping products offered by private banks is limited. The
lack of transparency makes it difficult for shipping companies to fully understand
their options and make informed decisions. Thus, the question arises of standardizing
financial solutions for shipping based on private capital. Such standardized options
could provide broader access to financing, reduce transaction costs, and simplify the
process for many shipping companies.

Key words: investment, private capital, shipping, shipbuilding, decarbonization,
strategy, maritime trade, securities market.

Beryn. CynnoOynyBaHHS Bilirpa€ BaXIIMBY POJIb Y 0ararboX CYMDKHHUX Taiy3six
Ta HalllOHAJIbHIN eKOHOMIIII 3arajoM. L5 rany3p BIUIMBaE Ha KOHKYPEHTO3IATHICTh Jep-
JKaBH 1 EKOHOMIKO-TIONIITHYHE CTAaHOBHIIE Y CBITi. CTaH CynHOOYAIBHOT ramy3i BiAmoBi-
Jla€ PiBHIO HAYKOBO-TEXHIYHOTO PO3BUTKY KpaiHH, 00 KiHIIeBa MPOAYKIiS SIBISIE COOOIO
CYKYIIHICTh JOCSTHEHb y 0ararbox BHPOOHHYMX cepax: MeTanyprii, MaliuHOOYIy-
BaHHI, €JICKTPOHIL Ta iHHOBaIisAX. Kpim Toro, cTan cynHoOymiBHOT raixysi 6e3nocepe-
HBO BILTUBAE HA PO3BUTOK CYJAHOILIABCTBA, HOTO 3a0€3Me4eHHsI BUCOKOTEXHOIOTTYHUMH
Ta eHeprozoepirarouuMu cynHamu. [Ipu 1IbOMY CYJHOIUIABCTBO € HAMTOJIOBHIIINM
BHJIOM TPaHCIIOPTYBaHHS PECypCiB Ta TOBApiB B YCbOMY CBITi Ta BBXKAEThCS (QyHJa-
MEHTOM CBITOBOT TOPriBii. OHOYACHO 3 [IMM IOJIOBHOKO IPOOJIEMOI0 PO3BUTKY CYIHO-
IJIABCTBA BUCTYIIAIOTh HECTAOIBHICTh Ta LUKIIYHICTD TaiTy3i.

IMocranoBka npodsaemu. [licias ceiToBoi dinancoroi kpusu 2007-2008 pp. 3Ha-
YHO 3MIHWJIACH CTPYKTypa (iHAHCYBaHHs CyIHOOYJIIBHHIITBA B YChOMY CBITi. 3poc-
TaHHS PEryJISTHBHUX BUMOT y OaHKIBCHKIH cdepi, o NpoTsIroM 0araTtbox JeCATHpId
Oyna TpaJuIidiHUM JpKeperioM (iHAHCYBaHHS CYJHOIUIABCTBA, MPHU3BEIIO JIO0 3HAYHOTO
nedinuTy pecypciB it Mo0yI0BH HOBUX KOMEPIIIHHUX Cy/CH. 3 1HIIIOrO OOKY, aKTHBHI
Ipolecu JiekapOoHi3allii CyJAHOIUIABCTBA BUMAararOTh 3HaYHUX OOCSATIB KamiTaay s
MoJIepHi3allii BKe HasBHUX CYIIEH, PO3POOKH Ta BIIPOBA/KCHHS HOBUX TEXHOJIOTIH.
3MiHa naHamadTy CBITOBOTO CyJIHOOYYBaHHS, 3MIIIEHHS LIEHTPY JI0 a31iChKUX KpaiH,
HacamIlepe/l 3aB/AsSKH JICPKAaBHUM IpOrpamMaM IJITPUMKH Ta PO3BHTKY, IMOCTaBHIIA
MUTAHHS 00 MICIISl €BPOINEHCHKOI0 CYTHOOY/IyBaHHs Ta HOT0 MalOyTHBOTO.

AHani3 ocTaHHIiX HocjaimKeHb i myOuaikanii. 3HauHi HayKoBi 3M00yTKH Y cdepi
JOCTYITHOCTI OaHKIBCHKOTO KPEAMTYBAHHS, IO € OJHIEI0 3 MPUYHH TMOUIYKY MPHBAT-
HUX IHBECTHUIIH CYJIHOIUIABHMMHU KOMMaHisiMu, npezcrasieHi y mpairsx K.R. Lee
ta M.S.Pak [1]. W. Drobetz, L. Tegtmeier [2], A.Kuester Simic, P. Lauenstein
ta S. Prigge [3] npoBOAsTh pETEIbHUI aHAI3 3aCTOCYBaHHS, OCOOJUBOCTEH Ta HEBIAY
Himenpkux Kommanditgesellschaft (KG). OcHoBHi GopMu Ta PU3UKH BUXOLY KOM-
naHiii Ha 30BHIIIHI puHKH oxapakrepuzoBano P.IO. Onekcienko, JI.€. IIporenko
taK.O. [lnak[4]. [leTanbHuii aHaT13 EKOHOMIYHUX IHCTPYMEHTIB ICP>KaBHOT I ATPUMKH
cynHoruiaBcTBa B €C HaaHo TakuMu fgociigaukamu, sk: F. Hiittenhof, K. Jachrling [5],
0O.B. Konutora [6]. [Tonpy HasBHICTh 3HAYHOT YBarv HayKOBIIIB 1 MPAKTHKIB 10 MPOO-
neM (iHaHCYBaHHS Ta PO3BUTKY CY/JIHOIIABCTBA, HHM3KA ACIEKTIB 3allMIIAETHCS HE
JOCUTH UM ()parMeHTapHO JOCITIHKEHOI. 30KpeMa, B YKpaiHCHKOMY HAyKOBOMY JIMC-
Kypcl HallOUIbIIIe yBark NPUILISIETHCS caMe PO3BUTKY MOPCBHKOTO KOMILIEKCY YKpaiHH
y CYKYITHOCTI 41 32 perioHaMH, 3HAYHUH aKIEHT POOUTHCS Ha MOOY0BY HAIlIOHATBHUX
CTpareriii Ta iMIIIEMEHTAIIIF0 MI>)KHAPOJAHUX MPOTPaM pO3BUTKY. BUTBIIICTh TOCIiIKEHD
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MaJI0o TPUAUISIOTE YBaru MiDKHAPOJHUM MpoOneMam (iHAHCYBaHHs CYTHOILIABCTBA
Ta CygHOOyIyBaHHs, Cy4aCHUM METOlaM iX BHUpILIEHHS, 10 € 0COOINBO aKTyaJbHUM
B yMoBax iHTerpauii Ykpainu o €sporneiicbkoro Coro3y.

dopmymroBaHHS 1iIei cTaTTi. MeTa boro JOCIKEHHS — IPOaHalli3yBaTH Cy4acHi
CBITOBI IHCTPYMEHTH MPUBATHOTO IHBECTYBAHHS y CYAHOOYAYBaHHS Ha Mi>KHAPOITHOMY
PIBHI 3 aKIIEHTOM Ha €BPONEHCHKUIT JIOCBI/, OLIIHUTH iX JIOCTYITHICTh Ta BU3HAYNUTH Haki-
OUITBII MPUITHSATHI I PO3BUTKY CYJHOIUIABCTRA.

st nocsirHeHHs 1i€i MeTn chOpPMYIIbOBAHO TaKi 3aBIAHHS:

— OXapaKTepH3yBaTH Cy4acHi MOTpeOW B iHBECTHLIAX CyIHOOYIIBHOI ramy3i mij
BIUTUBOM (piHAHCOBO-CKOHOMIYHUX TT00aJTI3aIiTHIX BUKJIUKIB;

— BU3HAYUTHU CyYacHi HaNpsIMM MPUBATHOTO 1HBECTYBAHHS y CYIHOOYIYBaHHI;

— TpoaHaNi3yBaTH HasBHI IHCTPYMEHTH (iHAHCYBaHHs CyQHOILJIABCTBA Ta BH3HA-
YUTH HAHOUTBI €(heKTUBHI Ta MMEPCIICKTUBHI TSI BUKOPUCTAHHS;

— c¢hopMyIoBaTH peKOMEHIALIT 1010 ONTUMAIBHOI CTpaTerii 3aayyeHHs IpuBar-
HOT'O KaIliTally y CynHOOYIyBaHHSI.

Buxnag ocHoBHOro Marepiany. OctaHHIMI pOKaMH CyTHOTIJIaBHA TaTy3b IiepeOyBae
i1 3pOCTAI0YMM THCKOM MO0 JAekapOoHizaiii. Bee Oinbin cyBopi mpaBuia, moB’si3aHi
3 BUKHJAMH BYIVICLIO, IPU3BENHU 10 3POCTaHHS IHTepecy raiy3i 10 iHHOBAI[iHUX MiJ-
XOJIiB JIO AOCATHEHHS HYJIBOBOTO PiBHS BUKUIIB. [lizpaxoBaHo, 1110 Ha CyTHOIIJIAaBCTBO
npuragae 10 3 % ceiropux Bukuai CO2, 1o nmepeBuIlye Noka3Huky asiaitii [7]. [Ipo-
THO3YIOTb, 1110 32 YMOB BiJICYTHOCT1 KOHTPOJIIO BUKHJIH MOXKYTb Pi3ko 3poctH 10 2050 p.
y BIATIOBiZs HA 3pOCTaHHS 00CATIB MiKHApOAHOI TOpriBii. Exornorizaris rrodamsHIX
JIAHLIOTIB MOCTAYaHHs TAKOX KPUTUYHO 3AJICKHUTH BiJl MOPCHKUX BHKHIIB; 0e3 OiIbII
EKOJIOTIYHUX CY/IEH TOBAPH, SIKi BOHU TPAHCIIOPTYIOTh, TEK HE MOXKYTh OyTH €KOJIOTid-
HUMH. TakuM YMHOM, IPUIHATO, IO CYTHOOY/IIBHA TPOMHUCIIOBICTh HECE BiIIOBIAAIb-
HICTb 3a IPOEKTYBaHHsI Ta OyAiBHUITBO CYIEH, SIKi € TU(PPOBUMHU, €HEProePEKTUBHUMHU
Ta 3[aTHUMH BUKOPHCTOBYBATH aJIbTEPHATHUBHI BUJIU MAINBA, 00 MPOKJIACTH IIJISIX JI0
BYTJIEIIEBOTO HEUTPaAIILHOTO MaiiOyTHROTO [7].

TakuM 4YMHOM, MH CHOCTEpPIra€MoO 3a 3pOCTaHHSM HOBOI IOOANBHOI MpoOIEeMH.
CyanoOyayBaHHS, 0 Ma€ He TiJIbKM KOHKYPYBAaTH 3a IIBUAKICTH Ta O€31eKy TpaHCIIop-
TYBaHHS BaHTaXiB, y Cy4YaCHHX yMOBaxX Mae€ BIiAMOBIIaTH HU3II MIKHAPOAHHUX yYMOB
Ta CTaHJAPTIB 10710 JekapOoHizailii. [le BimoOpaxeHo B TaKMX CTaHIapTaX, sK: [HIekc
EneproedexruBrocti ms Icayrounx Cynen, Iamukarop IatencuBHocTi Buknais Byr-
neuto, Innexc EneproedexruBnocrti IlpoexryBanns, [lnan Ynpasninas Eneproedex-
tuBHicTIO Cy/iHa TOIIO.

YV 2025 p. cBiTOBa MOpPCHKa TOPTIBIIS TIPOJOBXKYE TepeOyBaTH y CEPEIOBHUIIN, SKE
XapaKTEepPU3y€EThCSl BOJNATHIIBHICTIO, HECTAOIIbHUMHU IOTOKAMH Ta HEBU3HAYEHICTIO.
[MocriiiHa TeonoNiTUYHA HANPYXEHICTh Ta 3MiHM B TOPTOBEJIbHIN MONITHII 3MIHWIN
MOJIEJTi CYTHOTIJIAaBCTBA, BHACIIJIOK YOT0 0araro MapuipyTiB OyJI0 BiKOPHTOBaHO 3 ypa-
XyBaHHSIM JoTpuMaHHA Oe3neku. Y 2024 ta 2025 pokax MOpPCbKa TOPTiBIISL MPOJOBKY-
BaJia KOPUTYBATUCS Y BIJINOBIJb HA PO3BUTOK MOPCHKUX MapIIPYTiB Ta MPHUCKOPEHHS
3MiH y CBITOBOMY €HEPTeTHYHOMY Ta MPOMHCIOBOMY JaHmmadTax. Pectpykrypusartis
JIAHIIOTIB IOCTAaBOK, TEXHOJIOTIYHA ajamTallis Ta MIIBUIIEHHS CTIMKOCTI 3MIHIOIOTH
CTPYKTYpPH MOPCBKOT TOPTiBIi, PU I[bOMY 3pPOCTa€ yBara MOJITHKH JIO HEPreTHYHOT
0e3meKu, CTajJoro po3BUTKY Ta (hparMeHTaIlii TOpTiBIIi.

Xoua cBiTOBa MOpChKa TOpriBis y 2024 p. neMoHCTpyBaia cTadinbHe 3pOCTaHHs, 1110
HiITPUMYBAJIOCS BIIHOBIICHHSIM Y JIAHIIIOTaX MMOCTABOK Ta MOKPAIICHHIM MOKa3HUKIB
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y IeSIKUX PErioHax, 1o po3BUBAIOTHCS, epcrekTHBH Ha 2025 pik nepeadadaroTs OiIbIr
MOMIpHE 3pOCTaHHs a00 HABITh CTArHAINIO SIK 3arajibHUX OOCSTIB, TaK I TOHHO-MUJIb.
3rigno 3 nporuo3amu FOHKTAJL, ouikyeTbes, 1110 00CAT MOPCHKOI TOPIiBIIi 3pOCTE Ha
0,5 %y 2025 porti, a koHTeHHEpHA TOPTiBJsA —Ha 1,4 %. Y cepeqHbOCTPOKOBIH MepCIieK-
tuBi (2026-2030 pp.) MPOTHO3YETHCS, IO 3aralbHUN 00CSAT MOPCHKOT TOPTIBII 3pocTa-
THUME y CepeTHbOMY Ha pik Ha piBHi 2 %, TOJI sIK KOHTEHHEpHA TOPTiBIIs, 32 IPOTHO3aMH,
3pocte Ha 2,3 % [8]. Obcsirn Mmopcebkoi Toprieii y 2024 p. nocsriu 12 720 minbloHIB
TOHH, 3pociu Ha 2,2 % Ta NepeBUIIMIN cepeiHii mokasauk 3a 2013-2023 pp. (1,8 %).
Le cBiAUUTH PO MTO3UTHBHY JAHHAMIKY, IPOTE TEMITH 3POCTAHHS BiJICTaBaJIN BiJl cepe/l-
HixX moka3HuKiB 3a 2003-2023 pp. (2,9 %), 1110 BKa3ye Ha JOBrOCTPOKOBE YIIOBLIbHEHHS
3pOCTaHHS CBITOBHX 00CHTIB [9].

CrabibHO 3pOCTaryi 00CSTH CBITOBOI MOPCHKOT TOPTiBIII MAOTh BIJIIOBIIHO 3a0€3-
MeYyBaTHCh 3POCTAHHSM CBITOBOTrO (prioTy Ta Horo mictkicTio. CraHoM Ha 1 ciyHA
2025 p. cBiToBHid GuoT HanmiwyBaB 01au3bK0 112 500 KOMepIiifHUX cyleH (BKIIOYar0uH
BaHTa)KHI Ta HEBAHTAXHI Cy/lHA), KOKHE 3 SKHX Ma€ BaJOBY MICTKICTh IIOHAHMEHIIIE
100 ToHH. BaHTa)komiIHOMHICTh CBiTOBOTO (WIOTY 3a jeiBeiiTtom 3pocia Ha 3,4 %
(puc. 1). e Biamosigae Temmnam 3poctanns 2023 p. Ile Oyno HKYe cepeHLOPIYHOTO
nokasHuka Ha 5,1 % 3a ocranui 20 pokiB, ajie MIBUJIIE, HIXK 3pOCTaHHS 00CITY MOPCh-
ko1 Toprieii. CBiTOBa MICTKICTh TOCSTIA OJU3bKO 2,44 MIIp/ TOHH JCBEHTY.

[IpoananizyemMo TeHIeHIii 3pocTaHHs (IOTY 32 THIIAMH BaHTOKHUX Cy/leH. 3a
MICTKICTIO OaJIKepH 3aJIMIIAI0ThCS HAOIIbIMM cerMeHToM (42,5 %), Ha Ipyrii mo3u-
uii Hadrosi Tankepu (27,5 %). 30iNbIICHHS MOTYKHOCTI 3AIMIIMIOCS HEPiBHOMIp-
HUM: CTpUOOK Ha 9,7 % Jy1s1 KOHTEHHEPOBO3iB Ta 7 % /I Ta30B03iB. 3pocTaHHs (IIOTY
ra3oBo3iB Biji0yBaeThcs 3a paxyHok CIII-mepeBi3HUKIB Ta, 30KpeMa, MpoekTy Qatar
Energy LNG. MictkicTs GankepiB 3pociia Ha moMipHi 3 %, TOAi SIK BaHTaXXHI CyJgHa
Ta HAQTOBI TaHKEPH MPOAEMOHCTpYBaiu 3poctanus Ha 1,9 % Ta 0,7 % BiAmosigHO.
BinoOpaxarouu nepexij 10 pO3yMHOT0O Ta SKOJIOTIYHOTO CY/IHOILIABCTBA Ta 3MIHU I[iH
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Ha BKMBaHE BaHTaXXHE CYJIHO, BAPTICTh CBITOBOTO (UIOTY 3pocia 10 1,52 TpuiibiioHa
nmoapiB y uepBHi 2025 p. [9].

ToHHaX HOBUX cyfieH, 3aMoBIeHHX y 2024 p., 30inpmmBes Ha ioHaa 50 % 3 2023 p.,
TOAl SIK CBITOBHMH mopTdens 3amoniens 3pic Ha 10,2 %. Ha mouarky 2024 p. yactka
noprdens 3aMOBICHb Yy CBITOBOMY akTHBHOMY @¢uoTi gocsitia 12,3 % mopiBHSHO
3 11,1 % na nouarky 2023 p. Jlo mouarky 2025 p. 1e cniBBigHOIICHHS A0cario 15 %
1 € BITHOCHO MOMIPHUM 3a ICTOPUYHAMH CTaHIAPTaMH, 0COOINBO MOPIBHIHO 3 52 %
y 2009 p. ta 19 % y 2014 ta 2015 poxax [9].

Y 2024 p. mo aktuBHOTO (hioTy Oyno momaHo 3araimoM 71,7 MIIH BaloOBUX TOHH.
KinbkicTs mocTaBneHux cyaeH 3pocia Ha 8,8 % nopiBasHO 3 2023 p., a BaJOBUH TOH-
HaxX — Mmaibke Ha 10 % (mopiBasHO 3 15 % y 2023 p.). llono reorpadii BukoHaHHS
3aMOBJICHb, TO a31HChKiI Bep(di TPagULiHO TOMIHYIOTh: KUTalChKi Bepdi ITocTaBUIN
54,6 % TouHaxy, Bepdi B Anonii — 12,6 %, Bepdi y Pecryomnini Kopest — 28 %, ixmi
kpainu — 4,8 %. KoHTeitHepoBO3H TOMiHYBalll B PHHKY TIOCTAaBOK, CTaHOBIAYH 41,3 %
BiJl 3araJIkHOTO BAJIOBOTO TOHHAXY, MmocTtaBieHoro y 2024 p. Ha Gankepu mpwurmagaino
26,6 %, a Ha razoBo3u — 12,2 %. TonHaxx MoOy1O0BaHNX HAPTOBHX TaHKEPIB CTAHOBUB
5,1 %; cyaHa reHepalbHUX BaHTaxiB — juiie 2,7 % [8].

[loBepratounch 70 TUTaHHS JeKapOOHi3allii MOPCHKOro (UIOTY, BH3HAYMMO,
HACKUTBKH BIATIOBIIaf0Th HOBO30YIOBaHI Cy/THA HOBUM CTaHIapTaM 1 SIK 1€ MOYKE BILITHU-
HYTHU Ha TXHIO BapTiCTh.

Bukuau Byriewo Bl cyaHOMIaBCTBA 3pociay Npubian3Ho Ha 5 % y 2024 p. nopis-
HsHO 3 2023 p. (puc. 2) uepe3 MOJOBKEHHs 3MiHM MapIIpyTiB CyAeH Ta 301IbIICHHS
mIBUAKOCTI. Y mepiiii monosuHi 2025 p. croctepiraiocsi CKOpOYeHHsI BUKHIIB, IMO-
BIpHO, Yepe3 3HW)KECHHsI IIBUJKOCTI TUIABaHHS, JEsKi EKCIUTyaTalliliHi MOKpalmeHHs
Ta BBEJCHHS B €KCIUIyaTallil0 HOBUX CyleH. BonHo4ac TpuBae peryinsTOpHuil TUCK Ha
nekapOoHizamiro cyaHoriaBcTBa. Komiter IMO i3 3aXHCTy MOpPCHKOTO CEpEIOBHINA
CXBaJIMB HOBI CEPEIHBOCTPOKOBI 3aXOAHM 1100 CKOPOUYCHHS BUKHU/IiB TAPHUKOBHX ra3iB
Ha CBOIH BicimaecsT TpeTiit cecii y kBiTHi 2025 p. Lli 3axoau moeqHy0Th 000B’ SI3KOBI
0OMEKEeHHsI TIaTMBOMICTKOCTI Ta MEXaHi3M I[IHOYTBOPEHHSI Ha MapHHUKOBI rasu. Bonn
HaOyayTh YMHHOCTI B Oepesni 2027 p., 3 garoro BrpoBapkeHHs 1 ciunsa 2028 p. Xoua
e 3apaHo OIIHIOBATH PE3yIbTATH, HOBI 3aXOAH, WMOBIPHO, TOMTOMOXXYTh 30UTBITUTH
[OCTaYaHHs AJIFTEPHATUBHUX BUAIB MAJIMBA TA 3HU3UTHU LIHA HA HUX, L0 3aJIMIIAETHCS
KITFOYOBUMH TIEPEIIKOIaMU JIJIs X BIpoBakeHHs. Jloxoau, ski OyayTh 3i0paHi, 3a0e3-
neyats BUHAropoay CyJHaM 3a 3HIKCHHSI BUKH/IiB TAPHUKOBUX ra3iB 3aBISIKH BUKOPHUC-
TaHHIO JPKEPEN eHeprii 3 HyJIbOBUMHU a00 OM3bKUMU JIO HYJISI BUKUIAMHU.
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Puc. 2. U]omicauni piuni euxuou gyenexuciozo eazy y 2012-2025 pp. [8]
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JHexapOoHizallisi CBITOBOTO CY/JIHOIIABHOTO (JIOTY BUMAara€ 3HAYHHMX 1HBECTHIIIN-
HUX pecypciB. PiuHa BapTicTh OyIiBHMIITBA Ta SKCILTyaTallil CyJeH JUIsl IeKapOoHizarlil
CBITOBOTO (MJIOTY OIIHIOETBCS BiA 8 10 28 muipa monapis. Kpim Toro, HazeMHe BUPOO-
HUIITBO Ta JUCTPHOYIIiSI MaluBa, a TAKOXK BIJIOBIHA MOPTOBA iHppacTpykTypa (OyH-
KEpyBaHHS) MOXKYTh BUMaraTu gonarkopux Bin 30 mo 90 mupy nonapis Ha pik. [HeTpy-
MEHTHU cTajoro (hiHaHCyBaHHS, BKIIOUAIOYM 3€JICHE, CHHE Ta 3MillaHe (iHaHCyBaHHS,
10 TIOETHYIOTH MUIbTOBE Ta KOMepIliliHe (piHaHCYBaHHS, BilirpaBaTUMYTh IIEHTPAIbHY
poJib y 3a0e31eueHHI HeOOX1THUX KOMITIB [8].

[IpoanamnizyemMo cydacHi HamnpsiMH TpPUBaTHOTO (KOMEPI[ITHOTO) i1HBECTYBaHHS
y cynHoOyayBanHs. Ciiji BiA3HAYHUTH, IO CTPYKTYpa JDKEpeN iHBECTyBaHHS CYIHOOY-
JIBHOT raiy3i 3HaduHo 3MiHmMnacs 3a octanHi 100 pokiB. Ha mouarky XX cr. dinancy-
BaHHSI TIEPEBAYKHO 3/IIHICHIOBAIIOCS 3 TAKHX JKEPEJI, sIK: BIACHHUHN KaIliTall CyIHOBIACHU-
KiB, JiepKaBHE (hiHAHCYBaHHsI Ta MiJIBIH, TO3UKU KOMEPIIHHUX OaHKIiB. Bike Ha moyaTrky
XXI cr. BiOynHch 3Ha4YHI 3MiHU B OiK aJbTepHATUBHUX MEXaHI3MiB 3amydeHHsl (iHaH-
COBHX pECypCiB: PHHKH IIIHHUX IanepiB, BeHUypHe (iHaHCyBaHHS, KpayndaHIuHT
Ta mIarGopMu MOPCHKUX 1HBECTHIIIH, 1HII T1OpU/IHI Ta IHHOBAIiiHI IHCTPYMEHTH.

3a ocTaHHI JBa JACCATHIITTS CIIOCTEPIra€ThCsl CKOPOUCHHS €BPONCHCHKOTO OaHKIB-
CHKOTO KpEIWTYBaHHS CY/JIHOIIABHUX KOMIaHii (quB. puc. 3). Ha e myxe akTuBHO
BIUTMHYJIO BIIPOBaJKeHHSI ba3enbChbKUX CTAHIAPTIB, SIKi 3aCTOCOBYIOTBCS 10 BCIX MiXK-
HApOJHHUX OAaHKIB 3 METOIO YCYHEHHsI HEJONIKIB KPEAUTYBaHHSI, IO MPHU3BEIH 0 TIIO0-
OanpHOT inancoBoi kpuzu 2007-2008 pp. BinnosigHo, bazenbebki cTaHIapTH MOKITH-
KaHi 3a0€3MeYnTH HOPMATUBHY OCHOBY JUIsl 3MII[HCHHSI OaHKIBCHKOT CUCTEMH: OLJIbII
BHCOKI KpHUTEpIii CIiBBiTHOIICHHSI KaIliTaly Ta iHII HOPMaTHBHI BUMOTH IICHTPaJIbHOTO
0aHKy, BKIIFOYHO 3 TUMH, 1110 Bu3HaYeHi €C, Mpu3Benu 10 0OMEXEHHS KOIITIB, JOCTYII-
HUX JJIsl CEKTOPY CyIHOIUTaBcTBa. L{si cuTyaltist moripiwiacs mparHeHHsIM caMHux OaH-
KiB 3MCHIIMTH HAsIBHUW 3BOPOTHUI PU3MKOBAHWH BIUIMB CYJHOIIABCTBA HA HUX, BHA-
CJIIJIOK BUCOKOI BOJIATHIILHOCTI Ta HEBTIIIHUX MPUOYTKIB MOPChKOi ramy3i [11].
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Xoua cynnobymnyBannst Kurato numne y 2000 p. 3a3HaI0 BEIUKOTO MOIITOBXY Y PO3-
BUTKY, Bke 3a 15 pokiB came Kuraii Bunepeaus Snonito ta IliBnenny Kopero i cras
NPOBIIHUM Y CBiTI BUPOOHUKOM CyJeH 3a oOcsiraMu BUpOOHUITBA. Lle Takok MOsICHIOE
Bpakaroue 3pOCTaHHS OOCSTIB KHTAHCHKOTO 0OaHKIBCHKOTO KPEIUTYyBaHHS CYTHOOYMIB-
HUIITBA: HOro YacTka 3pocia maibke y 9 pasis 3a 15 pokis (auB. puc. 3). o xpusn
2007-2008 pp. kuTaliChKe KPEOUTYBaHHS CYJHOILUIABCTBA OyJ0 30Cepe/pKeHe Ha BHY-
TPIIIHBOMY PHHKY, TIATPUMYIOYH KUTAHCHKI Bep(i Ta KUTAHChKI CyIHOIUIaBHI KOMITa-
Hii. 3apa3 EximBank Ta China Development Bank nocizatoTs niepiie ta apyre Micis,
a Bank of China — geTBepTe, y peTHHTY CBITOBUX OPT(]EIIiB CYTHOIIJIABCTBA, TOMiHY-
1oun cepen 40 HaliKpalux OaHKIB, SIKi 1OC1 MPALIOIOTh Y LIBOMY CEKTOPI.

Opnak BignosBigHo no manux Petrofin Bank Research Oamkm Bce 1€ mocigaroTh
roJIOBHE Miclle y (iHAHCYBaHHI CYIHOIUIAaBHUX KOMITaHid: iHJekc Petrofin moka3zas
ciabke 3poctanus 3 62 myHKTiB y 2023 p. 1o 63 myHkTiB y 2024 p., a 00CsT KpenuTy-
BaHHA cynHoIUIaBHOI ramysi 40 npoBigHumu Oankamu y 2024 p. 36inbmuBcs Ha 2 %
MOPIBHSIHO 3 TIonepeHiM pokoM [ 11]. baHkiBCbKa Taimy3b CTUKHYIACS 3 )KOPCTKOIO KOH-
KypeHITi€Io 3 OOKy ajgpTepHAaTHBHOTO (DiHAHCYBaHHS, 30KpeMa KHTAWCHKOTO JII3UHTY,
SKUH IPOMOHYBaB O1IbIL THYUYKi YMOBH. Kpim Toro, B ouikyBaHHI HaOpaHHsS YHHHOCTI
1 ciuns 2025 p. npaBun bazens [V Oynu 3anpoBajpkeHi cyBOpilli BUMOTH JIO KarliTay,
IO IMiIBAIIIIO 00I3HAHICTh OaHKIB 11010 0OMEXEHb KpeauTyBaHHs. He3Baxkaroun Ha
el THCK, OaHKH arpecHBHO KOHKYPYBAJIM 32 YTPUMaHHS KJII€HTIB, 4aCTO MOTO/KYIO-
YUCh Ha HIDKYI MapKi TSt 3a0€3MeYeHHS HOBOTO Oi3HECY.

Takok OCTaHHIMM POKaMHM CTa€ Bce OUIbII BaKJIMBHUM 3acTocyBaHHs Poseidon
Principles — e HoBaTOpchKa CTPYKTYypa, IO Y3ro/pKye QiHAHCYBaHHS CyJIEH i3 KiliMa-
TUYHUMU NissMHU. DiHAHCOBI YCTAHOBH, IO TOTPUMYIOTHCS WX TIPUHITHITIB, OILlIHIOIOTh
BYIJICLICBUH CIIiJ| CylleH Tepes HaJaHHsIM Mo3uK. Lleil 3cyB 3a0x0uye CynHOBIACHUKIB
iHBeCTYBaTH y (DIIOTH 3 HU3bKUM PIBHEM BUKHUJIIB, 3SMEHIITYIOYH BIUTUB Ha HABKOJHIITHE
cepenoBHILEe Ta 3a0e3neuyroun (iHaHCYBaHHs HA BUT1IHUX YMOBaX.

[IpuBatHi iHBeCTHIIIITHI KOMIAHIT BiIIrpaloTh Jenaii Oiblry poib y ¢iHaHCYBaHHI
CYJICH, Ha/IAl0UH KarliTaJ I BUCOKOIIEPCIEKTUBHUX MOPCHKUX MignpueMcTs. Lli pipmu
IHBECTYIOTb Y PO3IIUPEHHSI (IIOTY, €KOJIOTTUHO YKCTI CY/THA Ta MIEPEI0B1 TEXHOIIOTIT Cy/I-
HoriaBcTBa. Ha BiMiHy Bijx TpamuiiiiHux OaHKIBCHKUX MO3UK, IHBECTOPH IPUBATHOTO
KaIriTanxy OTPUMYIOTh YaCTKH BJIACHOCTI B KOMITAHISIX, 1110 JI03BOJISIE 3a0€3ICUNTH JIOB-
TOCTPOKOBE CTpaTeTiuHe 3pOCTaHHA. Xoua I MOoAelb (piHaHCYBaHHS 3a0e31edye 3Hau-
HUH KartitTan Oe3 301nbLIeHHs] OOProBOro Tsraps, BOHA BUMAarae BiJl CyIHOBJIACHHUKIB
po3noauty nmpuOyTKy Ta MOBHOBaXCHb y MPUUHSTTI pillieHb. [HBECTHUINIT, MiIKpiTUIeH]
NPUBaTHUM KaliTajloM, OCOOJMBO IOIUMPEHI UL CYIEH 3 NEPEeBE3EHHs 3PiIKEHOro
NPUPOIHOTO ra3y, Cy[ACH 3 MIATPUMKH MOPCHKOI BITPOBOI €HEPreTHKU Ta TEXHOJOTiH
ABTOHOMHOTO CYJHOIUIABCTBA.

[ToxiOHI mpUYMHK CTPUMYIOTH 3aJlydeHHs Kamitaiay Ha puHkax akuid. o 2004 p.
(GOHZIOBI PUHKHU BiJirpaBaiid BKpall He3HauHY poyib y (iHAHCYBaHHI CyTHOOYIIBHH-
IITBA: JUIA 1HBECTOpPA aKIlii CyJHOTUIABHUX KOMIaHIi He Oyau 0COOIUBO MPHUBAOIUBUM
BUOOPOM JUIsl BKJIQJICHHS KOIITIB 4Yepe3 HeraTWBHY PEIyTallil0 Ta BUCOKY BOJATHIIb-
HICTh ()pPaxXTOBUX CTABOK, a 3 IHIIOTO OOKY, TiCHI CiIMEIHI 3B’S3KH BCepeINHI KOMITaHIi
Ta HeOaKaHHS CyIHOBIACHUKIB PO3MHBATH KOHTPOJIb HaJl 013HECOM TAKOXK TalbMyBaJIi
BHXI1]] CYTHOTUTABHIX KOMITaHIi Ha PUHOK ITIHHUX TarepiB.
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Buyaumi
TpeHs,

Pict Pict
€KOHOMIiKK €KOHOMIiKU
CLLUA Kutato

Puc. 4. axmopu pocmy npusabaueocmi akyiti cyOHONIAGHUX KOMNAHII
Ha pUHKY YIHHUX nanepie (po3podierHo agmopom)

CynnorutaBHI kKommadii e HanpukiHii 90-x pp. XX CT. MOBHOIIHHO BiAKPHIN
Ut ceOe repeBard myOIiYHOTO JICTUHTY Ha MiDKHApPOIHUX (POHIOBHX Oiprkax. XBHIISA
IPO (Initial Public Offering — nepBuHHE MyOMivHE PO3MILIIEHHS aKIlil) CYTHOIIABHIX
xomrtadiit y 2000-2007 pp. 3HaYHO MiABUINNIA TPHUBAOIUBICT CYTHOITIABHUX KOMITa-
Hil, 10 KOTHPYBaJKCh Ha Oipxkax. Lle crajso MOXIMBHM B yMOBaX JOBTOCTPOKOBOTO
00’ e THAHHS YOTHPHOX BOKIMBUX (hakTopiB (AuB. puc. 4).

CrabinbHe 3pocTaHHs (PaxTOBUX CTABOK, IO € PYHAaMEHTOM IPUOYTKY CYTHOTIIIaB-
HUX KOMITaHiH, Oyso 3a0e3redeHe CBOE0 Yepror0 3pOCTAHHAM HAHOIIBIINX €KOHOMIK
cBity — CIIIA Ta KuTato Ta BiAMmoBiTHIM 3pOCTaHHIM TOMTUTY Ha MOPCHKI TIEpEBE3EHHSI.
Pa3oM i3 THM pUHOK MIHHKX IallepiB, 3HAYHO TIEPETPITHHA 3POCTAHHAM aMEePHUKAHCHKOT
€KOHOMIKH, 30epiraB OMJadnii TPSH,T Ha ITOTEYHI IiHHI MTarlepH, IO CBOE0 YSPToFo Ti-
TPUMYBAJIO TPEH]T aKIii CyTHOTIIaBHUX KoMItaHiid. Kpim Toro, meBHM nediuT Ha ep-
BHHHOMY PHHKY I[IHHHX TIalepiB 3a yMOB HasSBHOCTI BUIBHUX 1HBECTHIIHHUX PECYPCIB
TaKOX JTOTIOMIT HaOpaTy MOIMYyJISAPHICTh aKI[isiM CYAHOTUTABHUX KOMITaHiH.

BBakaeTpcst, mo koMOiHamis 3a3Ha4eHHX (DaKTOpiB MpH3BeNa 10 YHIKaJIbHOTO
CYNEPUUKITY 3pOCTaHHSI CYIHOIUIABHOIO cekTopy mpotiaroM 2002-2008 pp., mo npo-
SIBUJIOCH Y BUCOKHX JIOXO/IaX Ta 3pOCTaHHI TPOIIOBUX MOTOKIB [12].

Takok Ha PUHKY I[IHHUX TarepiB 3pOCTa€ MOIMYISPHICTh 3alydeHHsS MPUBATHUX
IHBECTHIIIM 3a JOTIOMOTO0 BHITyCKy oOmirariii. OOmiramii 3a3Bu4aii eMIiTyIOTbCS Ha
JIOCUTH BEITUKHIA TepMiH (3a3Buuaii 5—10 pokiB) 3 (pikCOBAaHOIO CTABKOIO 1 O€3 TOCTPO-
KOBOTO YAaCTKOBOTO TIOTAIIIEHHSI, 10 3a0e31edy€e BUCOKHIA PiBeHb THYYKOCTI [T yIIpaB-
JIHHS BOJNATHJILHUMHE TPOLIOBUMH MOTOKaMH. OHAK OLIBIIICTh CYTHOIUIABHUX KOM-
MaHili MalOTh PEUTHHT HW)KYE IHBECTHUIIIIHOTO PIBHSA i BOHM BHMYIICHI €MIiTyBaTh
BHCOKOIIPHOYTKOBI 00JTiTaIii 3 BHCOKOIO Mapxoto (110 6 %—7 % BHIIe aHAIOTIYHUX CTa-
BoK). Jlo 2009 p. yacTka KOpropaTHBHUX OOJiraIiif y 3araibHOMY 00Cs31 TPUBAaTHOTO
(iHaHCYBaHHS CyQHOILIABCTBA CTaHOBMJIA Jnie 3,8 %, Bxe y 2013 p. BoHa 3pocina 1o
17,1 % 3aBasiku CKOPOYEHHIO TPATUIITHOTO OaHKIBCHKOTO KPEIUTYBAaHHS 33 aHAJIOT14-
Hul niepion 3 82,1 % mo 59.4 % [13].

3a manumu nopraimy Marine Money [14] 3a nepiox 3 nmucronana 2024 p. 1o K0B-
TeHb 2025 p. 3HAYHO 3MIHIOIOTHCA TEHJEHIII Y CTPYKTypi 3aJdydeHHS MPHUBATHOTO
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(iHaHCyBaHHSl CYIHOIUJIABCTBA. 3a I[EH Tmepioll CcTabibHY IUHAMIKY 3pOCTaHHS
JIEMOHCTPYIOTh oOiramii Ha QOoHI cTabiILHOTO 3MEHIICHHS O0CSTIB KPEAUTYBaHHS.
JlizuHr — ny’)e nonyisipHa ¢piHaHcoBa mocnyra y cdepi cyqHoOyyBaHHS, HECTIOIIBAHO
ckopouyeThesi: 3 45,55 % Ha Havano nepiony 1o 12,45 % 3a Bech pik (quB. puc. 5).
VY cyKyInmHOCTI 3a1ydeHHS 1HBECTHIIIM Ha pUHKY I[IHHHUX manepis (akmii Ta oduiraii)
3a e nepioa cAruyno 32,19 %; nopiBHSIHO — 00CST OAHKIBCHKOTO KPEIUTYBaHHS
CTAaHOBUTH Juiue 44,66 %.

Hopge3bkuii puHOK 00JTiraiii BBaxka€eThCcsi 0COONMBO CIIPUSTIIMBUM JIJIS CYHOILIAB-
HUX aKTHBIB, 31 3HAUHUM 00CSTOM IPOIO3UIIIH «3eIeHUX» 00iraliii: 1ekapOoHizarlis
(hI10TY PO3MIISIAETHCS CYTHOBIACHUKAMH SIK TIPIOPHUTET.

BoproBe QinaHCyBaHHS TaKOX BKIIIOUAE BUKOPUCTAHHS JII3BHHTOBUX CXEM, Ha J0JIa-
TOK JIO KPEAMTIB Ta oOiramiid. J[Ba HaHMOMMPEHIIi TUITH JTI3UHTOBUX CTPYKTYD Y CYJI-
HOILJIABCTBI — II¢ omepalliiina opeHa Ta GpiHaHcoBa opeHa. OnepailiiHa OpeH 1a BUKO-
PHUCTOBYETBCS LISl HAMY CyJieH Y (popMi KOPOTKOCTPOKOBOTO ab0 CepeTHbOCTPOKOBOTO
OepOoyT-uaprepy abo taiim-uaprepy. [licist 3akiHYEHHs JIii yrognm opeHap moBepTae
cymHO opeHponario. diHaHCOBa OpeHJa BUKOPHCTOBYETHCS JUISL JIOBIOCTPOKOBOTO
(hiHaHCyBaHHS Cy/IHA, OXOIUTIOE 3HAYHY YAaCTUHY €KOHOMIUHOTO JKUTTS CyJJHA Ta 3a3BU-
Yaii MOBHICTIO aMOpTH3Y€eThesl. OpeH01aBelb, YHsi OCHOBHA POJIb Tojsrae y QiHaH-
CYBaHHI, Ma€ MaJo BiJJHOIICHHs 1O aKTUBY, KpiM BOJIOJIHHS HUM, 1 BCi OmepariiHi
000B’SI3KH JISITAIOTh HA OPEHAPSI, SIKUH Y pa3i JOCTPOKOBOTO PO3ipBAHHS Ma€ MOBHICTIO
KOMIICHCYBaTl 30MTKH OpeHnofaBis. JIi3MHT qyXe aKTHBHO BHUKOPHUCTOBYBAJIU Ha
novatky ta 'y cepenuti 2000-x pp., MoTiM HOro 00CsITH 3HAYHO CKOPOTHITMCH OTHOYACHO
3 o0csiraMu OaHKIBCHKOTO KpeanuTyBaHHs [15].

Jo cBitoBoi hinancoBoi kpuzu 2007-2008 pp. 1yxe 3HAYHUH BIJTMB MaJld HIMEIIbKi
Kommanditgesellschaft (KG) ta Hopse3pki Kommandittselskap (KS): 26 % cBitoBoro
TOHHaXXY HOBOOY/OB (hiHaHCyBajocs 3a ix cxemamu. Lle ToBapHCTBO 3 0OMEKEHOIO

NiznHr

Mo3unkn

Puc. 5. Cmpyxmypa 3anyuennsn npusamnozo ginancysanus,
aucmonao 2024—osicosmennv 2025
(nobyodosano asmopom 3a oarnumu 3 [14])
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BIJIMOBITaJIBHICTIO, O 00’€THY€E MalMX Ta CEPEHIX IHBECTOPIB y 3aKPUTOMY HEITy-
omigaOMY (oHI, 0 iHBeCTYE Y cyaHo. Y 2004 p. ctBopenHs «KG a1 0MHOTO CyIHAY)
B TIO€/IHAHHI 31 CIIPUATIMBUM MOAATKOBUM PEXHMMOM IIPU3BEIIO A0 HAIUIUBY IIPUBATHUX
IHBECTOPIB Ha 1€l pUHOK. BiIMiHHOIO PUCOIO 1i€T MOJIEIi € T€, IO IHBECTOPH MOXYTh
OTPHUMYBATH BUTOAY SIK B/l €pEKTUBHOCTI CYTHOTUIABCTBA, TAK 1 BiJ (JiKCOBAaHUX CTaBOK
nofatky. OCKiIbKU TOAATKH CTATYOTHCS BIAMOBIIHO IO CYTHOTUIABHUX MOTYKHOCTEH,
a He BiJ ()aKTUYHO OTPUMAHUX JOXOiB, IHBECTOPY MOXKYTh OYiKYBaTH IMO3UTHUBHY BiJI-
Jady Bif CBOIX iHBeCTHIIN y cyaHOIUIaBcTBO. Ilicms kpu3um yactka dinancyBanas KG
3MeHImunacs 10 2 % HOBUX 3aMOBJEHb [16].

I'pyna nocnigauki (W. Drobetz Tta in.) [2] npoanamnisyBana Bubipky 3 323 KG 3a
niepion 19962007 pp. Ta BusiBuIIa, 1110 pe3yiasraru Gpouais KG Obliie 3aiexarh BiJ iH
Ha CyJIHa, HIX BiJl CTABOK (PpaxTy, 10 MOSICHIOEThCS CIICHM(DIYHUM / HECUCTEMATUIHUM
PHU3HMKOM, IIOB’S3aHUM 3 IIUM KJIACOM aKTUBIB. TakuM 4MHOM, MOXKHA IPHUITyCTHTH, 110
PO3YMiHHSI TUHAMIKA PU3WKY Ta MoXigHOcTi (oHmiB KG Oyno ckimamHuM 3aBmIaHHIM,
10, CBOEIO YEPIroI0, MPU3BEJIO O HETOUHHMX OLIIHOK aHAJITHKIB 1, 3pELITOI0, 10 Kpaxy
pusky. binbme Toro, mocmimusim 341 wimeubkuidt oun KG, cTBOpeHuil mporsrom
2007-2012 pp., K. Simic ta in. [3] BusBuin, mo BropunHUi puHOK KG memoHcTpye
BHCOKUH PiBeHb €(PEKTHBHOCTI OIIHKH. THM HE MEHIII, TOKa3aHo, IO aKIIii CyTHOTUTABHUX
(hoHIIB TPOAAIOTHCSI HUKYE TXHBOT (PyHIaMEHTAIBHOI BapTOCTI, IO JIOAATKOBO MiITBEp-
IDKy€ MIPUIYIIEHHs, 10 puHOK GoHaiB KG 3a3Hae 3Ha4HOi iHQOpMALIHHOT acUMeTpii.

Hopgespki crpyktypn Kommandittselskap (KS) ta Aksjeselskap (AS) Biapis-
HsIOThCSA BiJ HiMerbkux KG, anme MaroTh 1 0araro chiibHUX puc. BoHH 103BOJISIOTH
IHCTUTYIIHIM iHBECTOpaM Ta BEJIMKUM MPUBATHUM iHBECTOPAM CITUTHHO iHBECTYBATH
Y CYZIHOIUIaBHI ITPOEKTHU Yepe3 ONHOLLIBOBI CTPYKTypH. Lli yroau 3a3Budaii BKJIIOYAIOTh
MOXIIUBICTb 3BOPOTHOI OPEHIH, AOCTYI 10 HOpBe3bKoro mno3adipxosoro (OTC — over-
the-counter) puHKY, CIPUSTINBUIN MOAATKOBUIA PEXHUM 3TiHO 3 PEKUMOM MOJATKy Ha
toHHax [17]. HopBe3bka Mozienb poOUTh akIeHT Ha POEKTHOMY (DiHAHCYBaHHI, TPH-
BAaTHOMY PO3MIIIIEHHI Ta 0a3i iIHBECTOPIB, AKi TOOpEe 3HAIOTHCS HAa MOPCBHKIM CIIpaBi.
HaiironmosHimre, 110 11i paMKH J03BOJIIOTH Y3TOIUTH iHTEpECH iHBECTOPIB 3 OIeparii-
HUMHM [TOKa3HUKaMH.

[ToOGynoBa onTUManbHOI cTparerii 3alydeHHs TPUBATHOTO KaliTaly Y CyAHOOYIiB-
HUITBO € CKJIQJHWAM 3aBIaHHSM Ta Ma€ BPaxoOBYBaTW sSK BHYTPILIHI, TaK 1 30BHIIIHI
yuHHAKH. OHAK y Cy4acHOMY HECTaOlTbHOMY CBITI BC€ OibIlIe YBaru MPUIUISETHCS
KOMOIHYBaHHIO PI3HOMAaHITHHX IHCTPYMEHTIB 33Ul 3HIDKEHHsS pu3nKiB. Kpim Toro,
Cy4acHi BUMOT'H 10 aBTOHOMii, aIbTepHATUBHUX BUJIB ITaJIMBA, TEXHOJIOTIH PO3yMHHUX
MOPTiB 3HAYHO MiJIBUIIYIOTH KOIITOPHC HOBOTO CyAHA, SKHW yce cKiaaHime npodinan-
CyBaTH 3 OJIHOTO JiKepera.

3anpoBamkenHs npaswin bazens Il momo BuMOr A0 KamiTamy 3HAYHO 30LTBIIIIIO
BUMOTH 10 CyJHOIUIaBHMX KOMIIaHIM Ta BUTpaTu Ha (hiHAHCYBaHHs JOBIOCTPOKOBUX
KpPEIUTHUX 3000B’s13aHb. 3alIPONIOHOBAHUN albTEePHATUBHUN MIAXiA MMOJSTaE Y CTUMY-
N1 HeOAHKIBCHKUX JKEPENl KPeIMTYBaHHS, K1 HE MiANAaar0Th Mij] 3rajjaHi BUMOTH
J10 0aHKIBCHKOTO Kartitany. Lle Moxke mpu3BECTH JI0 TOTO, 10 HEOAHKIBChKI KPEAUTOPU
Bi3bMYTb Ha ceOe POJIb, SIKY TPAJAMIIIKHO 3aiiMaiu OaHKH y CEKTOP1 (piHAHCYBAaHHS CYJICH.

[IpuBatHi iHBecTOpH, 0c00IMBO B €C, po3pOo0IIAIOTh iHANBIAyaTbHI CTpaTeTii 3aiy-
YEHHS KalliTalty Juis cyAHOOyAiBHULITBA. TaKUM YMHOM, 3’ SIBJISIFOTHCSl HECTaHJapTU30BaH1
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NPOIYKTH, SIKi MTPOMIOHYIOTHCSI B KOYKHOMY OKPEMOMY BHITQJIKY, 3QJIC)KHO BiJl KOHKPET-
HUX TOTped Ta 00CTaBHH KOKHOTO KIIIE€HTA.

3 oISy Ha Il BUKJIMKHU JISsIKi KpaiHH 3aIpoIrOHOBAIM POTPaMHu, 110 CIIPSIMOBaHI
Ha CTBOPEHHS BiJITBOPIOBAHUX KPEIUTIB, CIEIIaTbHO PO3POOICHUX ISl CYTHOIUIABHOT
raiy3i, 0 MOXYTh iIBUIIIUTH JIOCTYITHICTH Ta MPO30picTh (piHancyBaHH [ 18]. ['Hyuki
KPEIUTHI CXEMH, sIKi MOXKHA aJanTyBaTH O YHIKaJbHUX BHUMOT KOXXHOTO IIPOEKTY,
OyyTh po3po0JieHI TPOBITHUMHU OaHKaMH CBITY. Tako) BBOKAETHCS, 110 IEPIKABHE Kpe-
JUTYBaHHS MOXKE 3MEHIINTH PU3UKH 1HBECTHIIIM HA PaHHIX CTaJIisX, 0COOJIHMBO 1€ CTO-
CYETBCsI HENIEPEBIPEHUX 1HHOBAIITHUX TEXHOJIOT1H. 3HIKEHHS (PIHAHCOBOTO PH3HKY JI0
PIBHSI, 32 SIKOTO NMPUBATHI KPEIUTOPH MAaTUMYTh OUIBIIY BIIEBHECHICTh y 1HBECTYBaHHI,
Mae BUpilIalibHEe 3HAYEHHS JUIS TOJOaHHS PO3pUBY B iHHOBaIisx. Lli BinTBOprOBaHi
CTPYKTYpH (POHJIIB MATUMYTh CITIbHI XapaKTEPUCTHKH, 3a0€311eUyI0YH YiTKI peKOMEH-
Jamii Ta YMOBH, IO CHPUSTHMYTh JIETTIOMY JIOCTYIy A0 (DiHAHCOBUX pEeCypcCiB JUIs
HOBOTO OYJ/IIBHUIITBA Ta MOJICPHI3allil B MOPCHKOMY CEKTOPI.

TakuMm 4MHOM, yce OUIbIle MOCTAa€ MUTAHHS IIOAO0 CTaHAapTH3allii (iHAHCOBUX
pillieHb JJIsl CYIHOTIIIABCTBA, 10 0a3yI0ThCs HA MPUBATHOMY Karitani. HasBHicTh cTaH-
JAPTH30BaHMUX BapiaHTIB MOXe 3a0€3MeUNTH MIUPIIUI TOCTYI 10 (iHAHCYBaHHS, 3HU-
3UTH TPaHCAKI[IifHI BUTPATH Ta CHPOCTUTH NPOIIEC JUTs 0araThoX CyAHOTUIABHUX KOM-
naniid. KpiM Toro, icHye odeBuHa orpeda B OLIBIIII MPO30POCTi MO0 TOCTYIHOCTI
Ta yMOB (DiHAHCOBHX IPOJYKTIB, aJalTOBAaHUX J0 MOTped CyTHOIUIaBHOI ramy3i. Ha
BiJIMiHY BiJ] OUJIBII CTAHAAPTU30BAHUX OAHKIBCHKUX TOCIIYT, iH(GOPMAILis PO crieriai-
30BaHi CY/THOIUTaBHI MPOYKTH, IO MPOTIOHYIOTHCS MPUBATHUMHU OaHKaMH, MOXKe OyTH
oOMexeHoro. Llst BiZICYyTHICTh TIPO30POCTI YCKJIQJHIOE I CYIHOIUIABHUX KOMITAHIN
MIOBHE PO3YMIHHS CBOTX MOKIIMBOCTEH Ta MPUUHSATTSI OOTPYHTOBAHUX PIllICHb.

BucHoBku. BuzHadeHo, 1110 cTa0lIbHO 3pOCTar0ui 00CSITH CBITOBOT MOPCHKOT TOPTIBIIi
MAroTh BI/IMOBIIHO 3a0€3MeuyBaTHCh 3POCTAHHSIM CBITOBOTO (IOTY Ta HOTO MICTKICTIO.
OnHOYaCHO CyJAHOOYAyBaHHS Ma€ BiIOBIATH HU3I MDKHAPOAHUX YMOB Ta CTaHJap-
TIB 100 JieKapOOHi3allii, ika BUMarae 3HauHUX JI0JaTKOBHX 1HBECTHUIIIHHUX PECYPCIB.
[HCTpyMeEHTH cTanoro piHaHCYBaHHs, BKIFOYAIOUYH 3elIeHe, CHHE Ta 3MilaHe (iHaHCy-
BaHHJ, 1[0 TIOETHYIOTH MUIBIOBE Ta KOMepIiiiHe (piHaHCYBaHHs, BilirpaBaTUMYTh IICHT-
paJibHy pojib y 3a0e3MeUeHHI HeOOXITHUX KOIITIB. Y pe3ysibTaTi CBITOBOI (hiHAHCOBOT
kpu3u 2007-2008 pp. Ta 3arpoBaKEHHsI HOBUX BUMOT /IO 0aHKiBCHKOTO KPEIUTYBaHHS
Ta KalliTary 3Ha4HO 3pOCIIM BUMOTH JI0 CYJAHOIIAaBHUX KOMIIaHil Ta BUTpaTH Ha (iHaH-
CYBaHHS JOBITOCTPOKOBHX KPEIIUTHUX 3000B’3aHb.

PanukanbHe nagiHHs 00CsATIB OAHKIBCHKOTO KPEIUTYBAaHHS CYITHOOYIYBaHHS TPH3-
BEJIO JI0 TIONIYKY aJIbTEPHATUB, SIKi MOJISITAIOTh Y CTUMYJIALIT camMe HeOaHKIBChKHX JKe-
peJl KpenUTyBaHHS, SIKI HE IMi/aIat0Th 111 3rajaHi BUMOTHU 710 OaHKIBCHKOT'O KariTay.
TakuM 4MHOM, 3’ SIBJISIFOTHCSI HECTAHIaPTU30BaH1 IPOJYKTH, SIKI TPOIIOHYIOTHCS B KOXK-
HOMY OKpEMOMY BHIIAJIKY, 3aJIS)KHO BiJi KOHKPETHHUX NOTped Ta O0OCTAaBUH KOXKHOTO
KJTieHTa. AJsie iHpoOpMaIlist po crienianizoBaHi CyJHOTUIAaBHI MPOIYKTH, IO TPOIOHY-
I0ThCSI TPUBATHUMH OaHKaMHU 41 iIHBECTOPAMH, € OOMEKEHOIO Ta aCUMETPUIHO0. Bif-
CYTHICTb MPO30POCTI YCKIIAJHIOE JUTS CYTHOTIABHUX KOMTIaHIl MMOBHE PO3YMIHHS CBOTX
MOKITUBOCTEH Ta TPUHHATTS OOIPYHTOBAHUX pillleHb. PimieHHsM i€l mpobieMu mae
CTaTH CTaHJapTH3allis (PiHAHCOBHX PILICHB JUISI CYAHOILIABCTBA, 1110 0a3yIOTHCS Ha TIPU-
BaTHOMY Karitam. Taki cTaHgapTH30BaHi (iHAHCOBI MPOAYKTH 3MOXKYTh 3a0€3MeUUTH
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HIMPILIUH TOCTYT 10 piHAHCYBaHHS, 3HU3UTH TPAHCAKIIHI BUTPATH Ta CIIPOCTHUTH MPO-
1IeC 3aTyYeHHs] IHBECTUIIITHOTO KaImiTany Juist 0araTb0oX CYTHOTUIABHUX KOMIIaHiH.
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Anomauisn

Bcmyn. Cyuacnuii po3sumox nopmoeoi inghpacmpykmypu cynposooncycmocs 6y0i6-
HUYMBOM NPUYATLHUX CTIOPYO Y HEOOCHAMHbO 3aXUWEHUX aKeamopisax. 3a makux ymos
X6UTb0Be 30YPEHHs. MOJICe CIPUHUHAIMUY 3HAYUHT NepeMilyenHs NPUUBAPMOBAHUX CYOeH,
WO YCKIAAOHIOE 6AHMAIICHT Onepayii ma nioeUULYE pUsUK NOUKOONCEHHS CYOHA I NPUYAY.
Ocobauso nebesneuHumMuy € pe2yIsapHi XU, sIKI MOJCYMb GUKIUKAMU PE3OHAHCHT KOTUBAH-
Ha1. Tomy axmyanvHum € eKCnepuUMeHmanbHe O0CTIONCEHHA OUHAMIKU GETUKOMOHHANCHUX
cyoen y peanvhux ymosax excniyamayii. Mema. Memoro pobomu € excnepumenmanvHe
BU3HAUEHHSL XAPAKMEPUCTNUK NOCHYNATbHUX | KYIMOBUX NepeMilyeHb BeTUKOMOHHANCHO2O0
banxepa, npuuBapmosano2o 00 NPUYAIy, nio Oi€io PeyIsAPHO2O XBUNIOBAHHS 8 YMOBAX
MINK06000s1. [00amK060t0 Memoio € sepughikayis aHarimuyHoi Mooeni pyxy cyoHa ma
OYIHKA MOJICTUBOCIE 3ACMOCYB8AHHSL CNPOUCHUX THIHCEHEPHUX KPUMEPIie O/ nepesipku
O00NYCTNUMOCIE BUKOHAHHS 6anmadicHux onepayii. Pesynemamu. /locriodcenns euxona-
HO 8 00CTIOHOMY DACEUHI 3 GUKOPUCAHHAM I3udHOT MOOeNi, n0OYO08AHOT 3a Kpumepiem
nodionocmi @pyoa. Pozensinymo 06a cmanu HABAHMANCEHHA — Y HOBHOMY 8AHMANCY MA
3 50 % eanmaoicy ma nognumu 3anacamu 01 000X Unaoxie. /s euMipioganHs pyxie
3acmocosano axcerepomempu ma inkaiHomempu. O6pooKy eKCnepumMenmanbHux OaHux
nPoBedeHo Memooom weuokozo nepemeopenns @yp’e. Bemanoeneno, wo npu wacmro-
BOMY 3ABAHMANCEHHI AMNIIINYOU BEPMUKATLHUX | NOB3006ICHIX KOIUBAHL 3DOCAIOMD,
a nepioou pyxy soinvuyromocs. Ilpu nognomy 3a6aHmadsicenHi KOUSAHHsL 3MEHUYIOMbCS
3a paxyHox Oinbwioi inepyii cyoua. [lonepeuni ma Kypcosi nepemiuyeHHs 3aauuaromscs
HesHaunumu. Ompumano 3a008IIbHY V3200)CEHICb MIdC eKCNepUMEeHMATbHUMY A
pospaxyukosumu OaHumu. Buchoexku. Y pesynomami 00CniodcenHs niOmeepoNceHoO
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CYmMmesutl 61118 YMO8 3A8AHMANCEHHS HA OUHAMIKY NPULUBAPMOBAH020 cyoHa. llokasa-
HO, WO Qizuune MOOen0BaHHs € eheKMUBHUM 3aCOO0M OYIHKU Oe3neKu CIMOSIHKU CYOeH
V CKIAOHUX 2I0POMEMEOpPONIO2IHHUX YMOBAX. 3anponoHosanull nioxio 0036015€ 00IPYH-
MoBY8amuU pexicumMu eKCHIyamayii npudanie i 8ubip cxem weapmy8ants Oe3 UKOHAHHSA
CKIAOHUX HUCETbHUX PO3PAXYHKi6. Ompumari pe3yiomamu MOXCyms Oymu 6UKOPUCTAHI
8 NPAKMuUYi NPOEKNYBAHHS MA eKCNIYAmayii NOPmMosux cnopyo.

Knwuogi cnosa: npuwsapmosane cyoHo;, OUHAMIKA CYOHA, pe2yiapHe XGUIO8AaH-
HA, i3uUHEe MOOENOBAHHS, eKCNEPUMEHMATIbHI OOCTIONCEHHS, AMNIIMYOU KOTUBAHD,
WEAPMOBHA CUCTEMA; NPUYATbHI 8IOOIIHUKU, 2I0POMEmeopono2iutl ymMosu, besnexa
nopmosux onepayiu.

EXPERIMENTAL STUDY OF THE DYNAMICS OF A LARGE-TONNAGE BULK
CARRIER MOORED AT A BERTH UNDER THE ACTION OF REGULAR WAVES

N.I. Aleksandrovska', M.B. Kosoy?, O.V. Demidiuk?
'PhD, Associate Professor, Associate Professor of the Department “Shipbuilding and Ship
Repair named after Yu.L. Vorobyov”,
Odesa National Maritime University, Odesa, Ukraine
ORCID ID: 0000-0001-6591-2068
2PhD, Associate Professor of the Department “Shipbuilding and Ship Repair named after
Yu.L. Vorobyov”,
Odesa National Maritime University, Odesa, Ukraine
ORCID ID: 0009-0008-9757-644X
3PhD, Associate Professor, Professor of the Department “Shipbuilding and Ship Repair
named after Yu.L. Vorobyov”,
Odesa National Maritime University, Odesa, Ukraine
ORCID ID: 0009-0002—1450-4077

Summary

Introduction. The development of modern port infrastructure increasingly involves
the construction of berthing facilities in insufficiently protected water areas. Under such
conditions, wave-induced motions of moored vessels may significantly affect the safety
and efficiency of cargo-handling operations and increase the risk of damage to both
ships and quay structures. Regular waves are of particular concern, as they can cause
pronounced oscillatory responses and resonance effects, especially in shallow water
conditions. Therefore, experimental investigation of moored ship dynamics remains
an important engineering task. Purpose. The purpose of this study is the experimental
determination of linear and angular motion characteristics of a large-tonnage bulk
carrier moored at a quay under regular wave action in shallow water. An additional
objective is the validation of an analytical ship motion model and the assessment of
simplified engineering criteria for evaluating the admissibility of vessel motions during
port operations. Results. The study was carried out in an experimental basin using a
physical ship model designed according to the Froude similarity criterion. Two load
conditions were considered — at full load and with 50 % load and full reserves for both
cases. Ship motions were measured using accelerometers and inclinometers installed
near the model’s center of gravity. Experimental data were processed using fast Fourier
transform techniques. The results show that partial loading leads to increased amplitudes
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of vertical and longitudinal motions and longer oscillation periods. In contrast, full
loading reduces motion amplitudes due to higher inertial properties. Transverse and
yaw motions remained negligible. A satisfactory agreement between experimental
results and analytical predictions was obtained. Conclusions. The study confirms the
significant influence of loading condition on the dynamic behavior of a moored vessel.
Physical modeling has proven to be an effective tool for assessing the safety of ship
berthing under regular wave conditions. The proposed approach can be applied in port
design and operation practice to justify allowable operating conditions and mooring
arrangements without performing complex numerical simulations.

Key words: moored vessel; ship dynamics; regular waves, physical modeling;
experimental research;, motion amplitudes;, mooring system, quay fenders;
hydrometeorological conditions; port operation safety.

Beryn. Posmmpennst mopToBoi iHQpacTpyKTypH J03BOJISIE CYTTEBO MiJABUIIUTH MPO-
MYCKHY CIIPOMOKHICTb ITOPTiB. YacTo HOBI MPUYANILHI CIIOPYAH PO3TAIIOBYIOTHCS B HEZIO-
CTaTHHO 3aXHIICHUX BiJI Jii BITPY 1 XBUJIb MiCIIsSIX akBaropii mopty. [1i 4ac npoexTyBaHHS
NPUYATEHEX CHOPY Y BIIKPUTHX 200 HEJAOCTATHRO 3aXHUILNECHUX aKBATOPISX 0COOIMBOTO
3Ha4YeHHs HaOyBae 3aj1aua JIOCIIPKEHHS TIOBEIHKU CY/IHA, IIPHUIIIBAPTOBAHOTO OIS MPH-
yary, IiJ] €0 BITPY Ta XBUIIOBaHHs. BupirneHHs wiel 3a1a4i HeoOXiqHe a1 3a0e31e-
YeHHSI BIINOBIIHOCT] MPOEKTHUX PillIeHh YUHHUM HOPMATUBHUM JIOKYMEHTaM, 30KpeMa
PIANC WG 115 (Standard for the Design of Fenders) [1] ta P/1 31.33.10-87 [2]. Birposi
Ta XBUJILOBI HABAHTAXKEHHS MOYKYTh CIIPUYUHSTH IEPEMILIICHHS CYJTHA, 110 YCKIIaIHIOIOTh
BUKOHAHHS BAaHTAXHO-PO3BAHTAKYBAJIBHUX POOIT 1 MIABHUIIYIOTh PU3HK MOLITKO/HKEHHS SIK
KOPITyCy Cy[Ha, TaK 1 IpUYaIbHUX KOHCTPYKIii. Lle, y CBOIO 4epry, HeraruBHO BIIJIMBAE
Ha 0e31eKy Ta e(peKTUBHICTb MOPTOBKMX OINEPALii 1 3yMOBIIIOE HEOOXITHICTh PO3POOIICHHS
OOTPYHTOBAaHHX PEKUMIB CTOSIHKM Cy[eH. HaykoBo oOrpyHTOBaHMH MilXij| 0 aHAIi3y
MOBEJIIHKH OLIIBAPTOBAHOIO CylHA Mae 0a3zyBaTHcs Ha KibKICHOMY BHBUCHHI IPOIIECIB
Horo pyXy ITi/i BIUIMBOM 30BHIIITHIX 30ypeHb. Oco0MBY yBary pH [bOMY CITiJ| TPHIUISTH
BIUTMBY MOPCHKOTO XBMITIOBAHHSI, 110 HAJXOAWTH 3 BIIKPUTOI aKBATOPii, 8 TAKOXK XBUIIb,
YTBOPEHHUX PYyXOM BEJIMKOTOHHAKHUX CYJIEH y MeXax MOpTy.

IMocranoBka npodaemu. [loBeiHKa NPUIIBAPTOBAHOTO CyAHA O1JIsl IPUYaTy BU3HA-
YAETHCS CKIIAQJHOIO B3aEMOIEIO T1/IPOANHAMIYHHUX, KOHCTPYKTUBHUX Ta €KCIITyaTallii-
HUX (hakTopiB. Ha cyHO BINTMBAIOTH XBHJIL, T€Uisl, BITEP, & TAKOXK KOJMBAHHSI PiBHS BOIN
1 cyaHOBI XBUJIi Biji cyaeH. Li aif mepearoThes uepes MIBapTOBHY CUCTEMY Ta KpaHI[ Ha
KOPITyC Cy[Ha Ta MpHYaibHy 1HQpacTpyKTypy, GOpMYyIOUYH JAMHAMIUHI HAaBAaHTaKCHHS,
SIK1 MOXKYTb CyTTEBO MIEPEBUIIYBATH CTATHYHI 3HAYCHHS. Y 3arajlbHOMY BUITAJIKY JIOCITi-
JOKEHHSI PyXy Cy/JHa O1JIsl MpHYaIty 3BOJIUTHCS JIO PO3B’sI3aHHSI CIIOJTY4EHOT 3a/1a4i B3ae-
MO/Ii1 CyaHa, MPUYay Ta HAaBKOJIHMITHHOTO CEPEIOBUINA, KA BKIIOYAE OTHC XBHILOBOTO
{ BITPOBOTO IOJIiB, PyX CY/JIHA 3 IIICTbMa CTYNICHSIMHU CBOOO/IM Ta PEAKIIiO IIBAPTOBHUX
KaHaTiB, 110, SIK MPABHUJIO, MA€ HENIHIWHUI XapakTep. 3 OISy Ha CKIATHICTh Takol
3ajaui, ii po3B’si3aHHS 3/COUIBIIOTO 3IHCHIOETHCS YUCEIIbHUMU MeToaMu. He3Baxka-
I0YM Ha PO3BUTOK aHAJIITHYHMX Ta YHCEIHHUX METOIB MOJEIIOBAHHSA, €KCIIEPUMEH-
TaJbHI JIOCHI/PKEHHST 3aJIMIIAI0THCSI OCHOBHHMM JIKEPENIOM JIOCTOBIpHOI 1H(OpMariii
PO peasbHl XapaKTepUCTHKH PyXY Cy/IEH Ta HAaBAaHTAKEHHS y IIBAPTOBHUX CHCTEMaXx.
Came eKCTIeprMEHT JI03BOJISIE BUSIBUTH HENiHIHHI e()eKTH, pe30HAHCHI SIBUIA Ta MACIII-
TaOHI 0COOIMBOCTI, SIKi BAXKKO KOPEKTHO BPaXyBaTH Y TECOPETUUHUX MOJIEIISIX. Y 3B SI3KY

24



PO3BUTOK TPAHCIIOPTY
Ne 4(27), 2025

3 [IUM E€KCIIEPUMEHTAJIbHI TPOrPaMU BUCOKOTO PIBHS BIAIrParOTh KIIFOYOBY POJIb Y PO3-
BHUTKY Cy4acHO{ Teopii IIBapTyBaHHS.

AHaJi3 ocTaHHIX HociimkeHb Ta myoOmikauniii. OMHAM 13 OCHOBHUX HAIPSMKiB
eKCITIePUMEHTATBHUX MOCTIDKEHb € (Di3udHI MOEIbHI BUMPOOYBAHHS Y XBHIIBLOBHUX
Oaceiinax. Hait6inpmni maboparopii, Taki sk MARIN [3] i Deltares [4] mpoTsirom necs-
THUJIITh BUKOHYIOTh MacIITa0HI eKCIIEpUMEHTAIIbHI IPOTPaMu, CIIPSIMOBaH1 HA BUBUCHHS
MOBEIHKH MPHUIIBAPTOBaHUX cyAeH. [1ix uac Takux BUNpoOyBaHb BUMIPIOIOTHCS BCi
LICTh CTYTICHIB CBOOOAN PYXy CY[HA, 3yCHIUIS Y IIBAPTOBHMX JIHISX Ta CUIJIM B3a€MOAIT
3 BigOiiiHukamu. MaciTaOyBaHHSI €KCIIEPUMEHTIB 3I1MCHIOETHCS. HA OCHOBI KPHUTEPitO
Opyna, o 3a0e3neuye KOpEeKTHY epeaady rpaBiTaliiHux Ta inepuiiHux edekris. [Tpu
LIbOMY BHKOPUCTOBYIOThCS CIEIialIbHI €IEMEHTH, 110 IMITYIOTh IPYKHICTh Ta IeMI(y-
BaHHSI IIBApPTiB Ta KpaHUiB. OJJHAK OCHOBHUM OOMEKEHHSAM 3aJIMILAETHCS MAaCIITaOHUM
e(eKT, 0cOOTMBO TIPH MOICTIOBAHHI B’ SI3KUX Ta KOHTAKTHHUX SBUIIL.

Pesynbrati ekcriepuMEHTaIbHUX JOCIIKEHb BUKOPHCTOBYIOTh TAKOX ISl BEpU-
(hikarii mporpaMHUX KOMIUICKCIB AMHAMIYHOTO aHaIi3y MIBapTyBaHHSA. Kiacuaamm
MIPHUKJIAOM € poboTa [5], e pe3ynbTaTu YHCEeTbHOTO MOJENIOBAHHS MOPIBHIOBAJINCS
3 AaHUMH (I3UIHUX EKCIIEPUMEHTIB. Y paMKax Ii€i nporpamu OyJio po3misiHyTO KijbKa
MIPUHIMIIOBO Pi3HUX KoH(irypatiii: LNG-TaHkep OiJ1s BIAKPUTOTO pHYAITy, CYIHO OiIs
rpaBiTauiiHoi miar(GopMu, BIUIMB XBUIIb CY[EH, IO MPOXOIATh, 1 TAHACMHE IIBAPTY-
BaHHI. /[0 KO)KHOTO BHIIAJIKy NMPOBOAMIIMCS He3alekH (pizmuHi BUpoOyBaHHS, MiCis
4Oro BUKOHYBAJIOCH 3iCTaBIICHHS 3 pe3yJbTaTaMy YMCEIbHOTO MonemtoBaHHs. [loka-
3aHO, 10 CyYacHI TWHAMiYHI MOJEIN 3/IaTHiI JIOCHUTh TOYHO BiJTBOPIOBATH CIEKTPHU
KOJIMBaHb Ta TIKOBI HaBaHTA)XEHHS, SKIIO KOPEKTHO 3afaHi TiApoJruHaMidHi Koediri-
€HTHU Ta XapaKTEPUCTUKHU IIBAPTOBHOI CUCTEMH.

B poboti [6] mOCHimKyETBCS PO3BUTOK MOJICTIOBAHHS PYXy IPHUITBAPTOBAHHX
CyJleH, IOPIBHIOIOYH TPUBUMIPHY YHCEIbHY MOJENb 3 €KCIIEPUMEHTAIbHUMU JTaHUMH,
OTpUMaHUMU B JlabopaTopii. L{e Takox HaTypHO OpIEHTOBAHE IOCIIIKEHHS, B IKOMY
naHi (i3UYHOTO EKCIIEPUMEHTY BUKOPHCTOBYIOTHCS JJISl IEPEBIPKU Ta MOKPALICHHS
YHCeNbHOI MOJIEI.

B po0ori [7] npuBeneHi pe3yabrarud (Gi3MYHOrO eKCIIEpUMEHTY Ha MOJIEINi Cy/aHa,
OLIBAPTOBAHIN KOO MpUYaibHii cTiHLI. OCHOBHOIO METOIO JTOCIiIKeHHs Oy0 MOpiB-
HSTHHSI «BUTBHOD» CXEMH IIBapTYBaHHS Ta CXEMH 3 MIONEPEIHBO HATATHYTHMH LIIBAPTOB-
HUMH JIiHISIMU 3 TOYKH 30pY aMILTITY]l KOJIMBaHb CYIHA, 3yCHJIb Y IIBAPTOBAX, CTIKOCTI
TIOJIOKEHHS OISl Mpudaiy, e(peKTUBHOCTI MeMI(pyBaHHS. Y XOJli eKCIIEPUMEHTIB Bapi-
FOBAJTUCS TIApaMeTPH XBUITIOBAHHS, KOPCTKICTB JIiHIH Ta piBeHb MOMEPETHBOTO HATATY.
OTpumaHi JaHi BUKOPUCTOBYBAIHCS VIS OIIIHKHA MOKIMBOCTI 3aCTOCYBaHHS tension
mooring sik 3aco0y 3HWKCHHSI TMHAMIYHAX HaBAaHTa)KCHb Ta ITiIBUIIECHHS EKCILTyaTaIlii-
HOT CTIHKOCTI Cy/JieH y opTax. ExcriepuMeHTH 1moKa3aiy, 110 3aCTOCYBaHHS HATSTHYTHX
[IBAPTOBIB MPHU3BOIUTH J0 MIOMITHOTO 3MEHIICHHS aMILTITY/] KOJMBaHb Y MOTEPEYHO-
TOPU30HTAIIBHOMY HAIPSIMKY B MOPIBHSHHI 3 TPaJUIIHHOI CXeMOK. BukopucraHHs
tension mooring Moxke OyTH €pEeKTUBHUM PILICHHSIM JJIS BIJKPUTHX MPHUYAIIiB, 30H 13
PEryIApHUM XBHJIIOBAHHSM, THMYACOBUX CTOSHOK. OJIHAK METO]] BUMAarae peTeibHOro
1H)KEHEPHOT'0 PO3PaxyHKy Ta MOCHUIIEHOI MIBAPTOBHOI iHYPACTPYKTYpH.

Ha Bigminy Big maGoparopHuX BHIIPOOYyBaHb, HATYpHI EKCIIEPHMEHTH IPOBO-
IsThesl Oe3nocepeHbO B HOpTax, LIO JAi0Th. BOHM IPYHTYIOTbCS Ha JIOBIOTpPHUBA-
JIUX BUMIipax pyxXy CyIeH Ta HaBaHTAKCHb Ha IIBAPTOBHY CHUCTEMY 3 BUKOPUCTAHHSIM
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GPS, iHepuiiiHUX aTYMKIB, TCH301aTUMKIB Ta XBUIeMipiB. HalOibIn BiIOMI B IbOMY
HampsMi JOCIiPKEHHS STIOHCHKOTO TTOPTOBOTO iHCTUTYTY [8], B paMKax SIKUX TPOTS-
TOM MICSIIIB 1 POKiB (iKCyBalics peajbHi KOJIMBaHHS CY[eH B YMOBaX JOBIOTPHUBAJIOrO
XBWJIFOBaHHA 1 ceiiield. Taki JaHi MalOTh yHIKalbHY LIHHICTh, OCKUIBKU BiJOMBalOTh
peanbHi eKcIlyaramiifHi ymoBHu. HaTypHi BUMipH Mmokasaiu, 10 HaBiTh 3a BIJIHOCHO
MaJioi aMIUTITyId XBWJIb Yy TIOPTax MOXYTh OyTH 3Ha4HI TOPH3OHTAJBbHI KONWBAaHHS
CYICH 3a paxXyHOK pe30HaHCHOTO 30ymkeHHs. LI eexTn He BpaxoBYIOTHCS Y CITPOIIe-
HHUX PO3PaxyHKOBHUX METOAX, IO IPU3BOJUTH 10 IOMUIOK Y IIPO€EKTYBAHHI.

HaiiBumny moCTOBIpHICTD pe3yibTaTiB 3a0e3meuye KOMOIHOBAHUHN IMiIXi], IO TTOE-
Hy€e j1aboparopHi BUIPOOYBaHHs, HATYpHI BUMIpH Ta 4HCelbHE MojeiaroBaHHs. Llei
METOJT JI03BOJISIE BPAXOBYBATH sIK JIOKaJIbHI 0COOJIMBOCTI aKBaTOPii, TaK 1 iHAUBITyaTbHI
XapaKTepUCTHKH Cy[CeH. BiH MIHMPOKO 3aCTOCOBYETHCS y MIKHAPOAHUX MPOEKTAX IMij
erinoro PIANC [9] Ta OCIMF [10].

AHaJi3 HalOUIPIIMX EKCIePUMEHTAIBHUX IPOTrpaM J03BOJISIE BUIUIMTH HU3KY
3araJlbHUX 3aKOHOMIPHOCTEH: pyXH MPUIIBAPTOBAHUX CYIiB MalOTh CYTTEBO HEJiHil-
HUH XapakTep 1 4acTo BU3HAYAIOTHCS PE30HAHCHUMHU e(eKTaMu; MiKOBI HaBaHTaKeHHS
y IIBapTOBHUX JIHISX MOXYThb 3HAYHO TIEPEBUIIYBATH CEpE/HI 3HAYEeHHS Ta TIOBHHHI
BpPaxXOBYBATHUCS 1]l Yac MPOEKTYBAHHS; XapaKTEPUCTUKH KPAHIIIB i ITBAPTOBIB HATAIOTh
CYTTEBHH BIUTMB HA MWHAMIUYHUN BIATYK CHCTEMH; KBa3iCTAaTHUHI METOIU PO3PaXyHKY
PYXy MPHUIIBAPTOBAHOTO Cy[AHA MPUHHATHI JINIIIE 0OMEXEHOMY Jiara3oHi yMOB

®opMmyaoBaHHA Hijeil crarti. L{g crarTs 3’gBunacs mo pesynbTaraM eKCIepu-
MEHTY, IPOBEJICHOTO aBTOPaMH B MEKaX HAyKOBOTO-J0CTiTHUIBKOI podotn OHMY Ha
3amoBieHHs1 komnanii « TEXAI'POy, 1o crenianizyeTbcst Ha MPOEKTYBaHHI TPUYATIB.
OpnuH 3 IPOEKTIB MPOEKTYBaJIbHUKA PO3TAIOBaHUH B opTy «IliBAeHHUIT», B HepoCcTaT-
HBO 3aXUIIEHIH 30HI MOPTOBOT akBaTopii. [ 010BHE MUTAaHHS, 1110 MaJIO 3’SICYBaTH OCi-
JDKEHHSI, CTOCYBaJIOCS MUTaHb OE3MEKU MPOBEACHHS BAaHTAXXHUX POOOT Ta eKcIuTyara-
il npu4aabHOro obnagHanHsa. KpuTHUHUMY Ul LUX NWTaHb € BU3HAUYEHHS aMIUTITYI
BEPTUKAJIHHOTO MEePEMIIEHHS Ta KyTy TUPEPEHTY, IKi B CHITY crielu( ik TpauliiftHX
CXEeM LIBApTyBaHHS, HE MalOTh KOMIICHCYIOUUX MOMEHTIB 3 OOKY IIBAPTOBHOI CUCTEMH.

V aHAMITHYHIN YaCTHHI HAYKOBOTO-IIOCTITHAIIBKOI poboTa Oys10 po3pobieHo iHxKe-
HEPHY METOJMKY OILIIHKH KPUTHYHHUX aMILTITYyA pyxy cyaHa [11]. MeToio ekcriepumMeH-
TabHOI POOOTH OyJ0 BU3HAYCHHS aMIUTITY/ MOCTYMAIbHUX Ta KYTOBUX MEpEMIllleHb
Cy[lHa, OIIBAPTOBAHOTO J0 TPUYATy B YMOBAX MIJIKOBOIIS MiJ] II€0 PETYISIPHOTO XBU-
JIOBAHHS, 1110 BiJIIIOB1J1aJI0 METEOPOJIOTIYHAM YMOBaM 3aBJlaHHs, Ta Bepuikailis aHa-
JITUYHOTO METOMY OI[IHKU aMILTITY]I.

Buxkiaa ocHoBHOro marepiajy. Sk Buimie Oyno BigmiueHe, eKCIIEPUMEHTAIbHUH
METOJ JOCIIJKEHHSI MOBEAIHKU MPHUILIBAPTOBAHOTO CyAHA JIMIIAETHCS HAO1IbII TOCTO-
BIPHUM METOZIOM, OCOOJMBO /ISl MPOEKTYBaIbHUX poOOT. ToMy OTpuMaHHS Xapakre-
PUCTHK HOTO pyXy BHKOHAHO 13 3aCTOCYBaHHSAM (Di3WYHOTO MOJIENIOBaHHS B JOCHIJ-
HoMy Oaceitni OHMY.

06’ckmom 0ocnidrycenna € OBEIIHKA CUCTEMH CYTHO-TIpUYall B yMOBaX pPerylsip-
Horo XBHJIOBaHHS. OOpaHuil «yMOBHHI OalKep 3 TUIIOBUMH JUIS CYICH TAKOTO THITY
o0OBonmamu. PosrisiHyTi 1Ba BapianTu HaBaHTaxeHHs i3 100 % Bantaxy Ta 50 % BaH-
taxy nipu 100 % 3amacis 111 000X BUITJIKIB.

XapakTepuCTHKH cyaHa: AoBkHHA — 240 M; mmpuHa — 38 M; aenseilt — 80 Tuc. T;
ocajaka y TMOBHOMY 3aBaHTaXEHHI — 15 M HamojoBuHY 3aBaHTaxkeHOro — 10,5 g

26



PO3BUTOK TPAHCIIOPTY
Ne 4(27), 2025

BOJIOTOHHAXKHICTh BaroBa y MOBHOMY BaHTaxy — 126 198 1, HamonoBuHy 3aBaHTaxKe-
moro — 84 184 t; rycrtuna Boau p = 1,024 1/M>.

XapakTepuCcTHKa mpuyary: aoBxuHa — 270 M; mupuaa — 16,5 M; mmobuna — 17 M;
BimOittHuKM SPC900G1.1, 30cepemkena cuma peakii — 166 kH., mormmHanHsS eHeprii —
44xHwm, makcumanbsHa nedopmartis — 74 %.

XapakrepucTrka XBuaroBanHs: [lITopmoBa, Bucora — 3,5 M; mToBKHHA 55 M; TIepioq —
5 ¢; HapsIMOK — y3710BX npuyaiy. dopma kopriycy nokazaHa Ha pUCYHKY 1.

IIpenmMeToM HOCJiIKEHHSI € YaCTOTH, aMIUNTYAH IMOCTYHNAJIBHOTO Ta KYTOBOTO
MepeMIIIeHHs TPUIIBAPTOBAHOTO Cy/HA Ha PETYASIPHOMY XBHJIIOBAHHI.

MeTtonu aocaigxkenHsi. [Ipy mmanyBaHHI €KCIIEPUMEHTAIBHUX TOCIIKEHb Bpa-
XOBYBAIHCS JIESIKI 0OOMEKEHHS: MOJIEIOBAIACS JIMIIE XBUJIEBA [[isl HAa TIPUYAJ Ta CYTHO
(B 6aceitni OHMY He icHye MOKIIUBOCTEH 1T CTBOPECHHS BITPOBHUX HABAHTAXKEHB);
icHytoue B Oaceitnri OHMY obGnagHaHHS MOXKe TeHEpYBaTH JIUIIE PEryIsIpHE XBHIIIO-
BaHHs. Lle 3 ogHOTO OOKY HE BiAMOBIMAE MIMCHIN KapTHHI XBUIIOBAHHSA, a 3 IPYTOTO
MIPU3BOANTH J0 MaKCHMAaJIbHOTO BIUIMBY Ha CyQHO TIPU OJHAKOBIH 1HTEHCHUBHOCTI
PEerYISIpHUX 1 HEPETYISIPHUX XBUJIIb; PO3TIIAIABCS BHUIIAIOK PYXy PETYISIPHUX XBHIIb
B HIC Ta B KOPMY IPHIIBAPTOBAHOTO CY/IHA, TaK SK MPUYaI PO3TANIOBAHUNA B3OBK
BXOJIy B aKBAaTOPit0 IMOPTY; BPaXOBYIOUN MaJIUi MacITab Mojesi Ha ClTabKe XBUITHOBE
HaBaHTaXXeHHs, B Jadoparopii OHMY HeMae MOXIHNBOCTI MOJETIOBATH TPYKHIO
po0OTy MIBApTOBHUX TPOCIB Ta BiAOIMHWKIB 3a BiICYTHOCTI BiAMOBITHUX TOHKHUX
BUMIPIOBATPHUX TMPUCTPOiB. ToMy y poOOTI mpHifHATA CTaTHIHA MOICTH POOOTH
[IBapTOBHUX IPHUIAIIB, @ TPOCH MOJICTIOBAINCS KAalPOHOBHUMH HHUTKaMU. 3 0030py
MOCTIKCHb SICHO, IO JOWHAMIYHI €(EeKTH IIBAPTOBHUX TPOCIB MPOSBISIOTHCS
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Ha JIOBTOMEPIOAUYHUX XBHJISX, 1[0 HE BIJIOBIJA€ 3aBIaHHIO SKCIICPUMEHTY, 1 MOYKHA
KOPHUCTYBATHCS JIIHIHHUM HAOIIKEHHSIM.

[Iponienypa oOpanHs MacmTaly BUKOHaHAa i3 ypaxyBaHHSIM pO3MipiB OacerHy
Ta BIUIMBY HOTO TPaHUIb Ha MOKa3HUKH XBUIIOBaHHA. OOpanuii Mmacmrad mozemni 1:131.
XapaKTepuCTHKH MOJIENi: NOBXKUHA MK Teprnenaukynspamu L = 2,061 M; mupuna
B = 0,29M, ocanka cynna y moBHomy BaHTaxi d = 0,115wm; y Bumagky 50 % 3aBanTa-
xkerHst d = 0,08M; BOIOTOHHaXXHICTh BaroBa y BaHTaxi D = 54,8 kr, y Bumaaky 50 %
3aBaHTaxeHHs D = 38,3 kr, ryctuna Bomu p = 1,0 /m°.

XapakTepUCTHKH PO3PaxXyHKOBOI XBUJII 0OpaHi Ha OCHOBI JIaHUX 3aMOBHHKA Ta [2]
PO THUTIOBI XBWJII B TPHUOEPEKHIN 30HI palilOHy IMiBHIYHO-3aXiHOI YACTHHH aKBaTOPii
Yoproro mopsi. OCKiabKy ITHOWHA aKBaTOpPil OIS mMpUdYaiy, Mo pO3MIAIAETHCA CTa-
HOBUTH H = 17 M, 111 BU3HAYCHHS MapaMeTpiB XBHJI, 3BAKAIOUM Ha XapaKTEPUCTUKU
Cy/IHa, 3aCTOCOBaHI BUPA3H JUls MIIKOBOIIA. Bucora xeuii nopisaioe 3,5 M. Jloxuna
XBHJII criocTepiraema A = 55 m. BinnosigHo kpyTu3Ha xBuii ckinagae o =h/ L =1/15,71.
XapakTepUCTUKU MOJIEIIBHOT XBIITi: TOBKUHA A = 0,42 M, XBHIbOBE YnCiI0 k= 14,97m!,
yactota 6 = 11,87 ¢!, mepiox t = 0,529 c.

Mogens Oankepy BUKOHaHA B qociigHomy O0aceiini OHMY Ta npoiinuia quHaMivHe
TapyUpyBaHHS B IPOLEC] SIKOTO BU3HAYEHI 3HAUCHHS II0310BKHBOTO Ta IOINEPEUHOrOo pP*
1 p¥ paziyciB iHepIii Mac UIs ABOX PO3IISHYTHX BUMA/IKIB HABAHTaXKCHHS. Bu3HaueHHsS
paniyciB iHepIii Mac cyaHa BUKOHAHO IIUISIXOM BU3HAYEHHS MEPioay BUIbHUX KOJIMBaHb
Cy[Ha B TIOBITPI.

ExcniepumeHTanpHa ycTaHoBKa. JlJs IPOBEAEHHS EKCIEPUMEHTAJIbHUX AOCIHi-
JUKeHb Ha MUTKOBOIII B TociigHoMy Oaceitni OHMY nepenbaueHa MOXKIIUBICTh BCTa-
HOBJICHHS MOABIHHOTO 1HA. PerymspHi mporpecuBHi XBUJIl CTBOPIOIOTHCS 3a JOIIO-
MOTOI0 IJIACTUHYACTOTO XBUJICTIPOAYKTOPA, SIKUI MPUBOJUTHCS B JIi0 32 JIOTIOMOTOI0
SNIEKTPOABUTYHA MOTYXKHICTIO 3 KBT. EjexkTponBUryH ocHamieHWi OJIOKOM 4YacTOT-
Horo KepyBaHHs Schneider Electric, mo m03Boisi€ peryimoBaTH 4acTOTy TeHeparlil
XBWIIb 3 TOuHicTIO 10 0,1 I'11. PrcyHOK 2 1eMOHCTpy€ po3TallyBaHHs CyIHa 1 Ipuvary
BiJIIOBIIHO PYXY XBHJIb.

ITiodip éucomu xeuni. hy = f (GM, s Bn) — (pakTHYHA BHMCOTA XBHMII, SKa MiJ-
Oupaerbcst B IpoLECi MIATOTOBKH 10 CKCIEPUMEHTY; |hy —h <&, ne €=2 MM 13
ypaxyBaHHSIM OCOOIMBOCTEH MIACTHHYACTOTO XBHJIEIPOAYKTOPA 1 HEPiBHOMIPHOCTI
reHepanii peryIsspHoro XBumoBanHs; K — KOe(illieHT peayKTopa XBHIEIPOLYKTOPY:;
¥, — PaliyC BCTAHOBIEHHS KOpoMucna xBuienpoaykropy. [linbip /4 " 3MiHCHEHUH 3a
JIOTIOMOTOI0 JIaTYMKa BHUCOTH XBHJI CTPYHHOTo THIy. BkazaHuil marumk mudpoBoro

Puc. 2. Cxema weapmysanus cyona 0o npy
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TUIy NEPEJIa€ CUTHAJl Ha aHaJoroBo-nudpoBwuii neperBoproBay / perucrparop LCard
L-14140 i nani Ha nmepcoHaNbHUN KOMIT I0TEp sl popMyBaHHs Qaiiny gaHux. Bucora
XBIJI1 OyJ1a miiiopana npu QiKCOBaHMX XapaKTepUCTHKAX XBUIIIOBAHHS JIO TIOUATKY EKC-
MEPUMEHTAIBHUX JOCII/KeHb. [Ipy IbOMy AaT4WK XBUIII OyB PO3TAIIOBAHUI B MICTi
PO3MIILIEHHS MOJIEINI B CepeiHii yacThHi 0aceliny. J{o1aTkoBHil KOHTPOJIb BUCOTH XBHUIII
3MIIACHIOBABCS Bi3yaJIbHO 3a JOMOMOTOIO CIIEI[ialbHOT MIpHOT IIKaJIH, PO3TAIIOBAHOI Ha
Oopty Oaceiina ta rudporoi porokamepu Nikon 5200.

Iliozomoexa 00 npoeedenns sunpodysans NPOXOAUA Y JCKijIbKa €TalliB: miadip
XapaKTEPUCTHK PETYJSIPHOTO XBUITIOBaHHSI; BAKOHAHHSI JIOCIITY KPEHYBaHHSI TS JIBOX
BUIMAJKIB 3aBaHTaXCHHs; MiAOIp padiyciB iHepIil [Uist TBOX BUIAJKIB 3aBaHTaKCHHS;
BCTAHOBJICHHSI MOJICII 1 3aKPIMJICHHS 11 10 pU4aiy; MPOBEJICHHS EKCIIEPUMEHTY 3 (ik-
cali€ro JIUNX MPHUCKOPEHb Ta HAXWIIB B Tpolieci pyxy cynHa. [IpoBeneHHs Bigeo-
(hikcallii moBeIIHKYA MOJICIII Ha XBHJIFOBaHHI. J[J1s1 amapaTHOTO KOHTPOJIIO BUITPOOYBaHb
BUKOPUCTaHI HUPPOBI MPUCTPOi — aKCeIIepOMEeTp Ta iHKIiHOrpad, sIKi BCTAHOBIIOBA-
JIUCS Ha MOJIEITh Cy/IHA B PaOHI IIEHTPY BarH.

IHKmiHrpad B OMHOMY KOMITAKTHOMY IIPUCTPOI TOEIHYE aKCEISPOMETP 3-0ChOBHH,
GY-291 ADXL345,6i6miorexy SparkFun_ ADXL.345; inkninomerp ADuC845/ADXL103;
wi-fi cepBep /1t 6e3nPOBIHOT TIepeaadi JaHNX; JHKEPEIIo TIOCTIHHOTO CTPyMY (aKyMyJisi-
Top 18860).

3a pesynbraramMu BUNPoOyBaHb OyJI0 OTPUMAHO JaHHI akcenepoMeTpa Mo MPUCKO-
PEHHSIM TMOCTYyHaJIbHUX PyXiB cymHa juis Bunaakie 100 % ta 50 % HaBaHTaXeHHs
MoJIeIi. 3a [IUMHU JIAaHUMH [IEPEPaxOBYOThCS BIIACHO MPOIECH MOCTYIAJIBHUX MIEPEeMi-
IICHB 33 HACTYITHOIO CXeMOI0. [IprCcKOpeHHs KOJTMBAJIBHOTO TIPOLIECY Ta BIACHO MPOIIEC
IIOB’sI3aH1 BIJIHOUIEHHAM X, = —(ani )2 X, , TOMy aMILIITyia IPOLECY AOPIBHIOE aMILi-
TyAl HPHCKOPEHHsI, MOAineHoi Ha —(2mf, )2. [TepepaxyHOK MOAENBHUX 3HAYCHb Ha
HaTYpHI 3[IHCHIOETHCS MOPIBHAHHAM 0€3p03MipHHUX BHPA3iB MPUCKOPEHb I HATypH

Ta MOJICIIi: %(211% )’ cos (2n7) = P (2o, )’ cos (2n7 ).

H M

Oo6podxa danux 31iiCHIOBaNacs HACTYITHUM O0Opa3oM: 3a JaHUMH aKCelepoMeTpa
2

Ou

BITHOCHO NIPHCKOPeHb Mozeni 3a opmynoro 4 = —*
M GH

3HAYCHHS TIPUCKOPEHHS ISl HATYPH; METOIOM IIBUAKOTO TepeTBOpeHHsT Pyphe oTpH-

MaHO iX aMIUTITyJHi cieKTpH 4, ( f ); aHATITHYHUN BUpa3 IPUCKOPEHHS MPEACTaBICHUH

A, Gymo nepepaxoBaHO

CYMOIO 1N OCLIWJIALi#H 3 ICTOTHUMM 3HAYCHHSAMH 4acTOT £,/ 3 mikoBuMH ammuitynamu A/

n
y BHDIIL X, = ZAij COS(ZTCfij t); aHAITUYHUN BHpPA3 BIACHO NEPEMillleHb OTPHMAHO

/ n
y BUDJISAII CyMHU in = Z :

7 (2nf)

L[IOHYBaHHS THKJIIIHOMETPa € BUCOKOIO YYTIMBICTIO 0O BHCOKOYACTOTHHX BiOparliid, siKi
HEMOXIINBO BUKJIFOYUTH B TAKHX TPYOMX BUMIPOOYBAHHSAX, JIe OYIKyBaHHI PE3yIbTaTH
MaroTh nopsigok 107 M Ta 107 ¢. ToMy JaHHI 110 KyTOBHX MepeMilleHHSX Oyio Bii-
(biapTPOBaHO METOAOM MIBUIKOTO TepeTBopeHHs Pyphe. Ha puc. 3—5 npencrasieni
rpadiku nepepaxoBaHUX Ha HATYpPHE CYIHO PE3yJIbTaTiB MOJACIHHHX 3aMipiB aMILTi-
TYJ Ta KyTiB HaXMITy.

i

> COS(2TEfl.j t). KoHcTpyKTHBHOIO 0COONMUBICTIO (DyHK-
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Puc. 3. /lanni no nocmynogum npuckopenuam ma Kymoeum nepemiuenuam cyoua
npu 50 % nasanmasicenns
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Puc. 4. Jlauni no nocmynogum npuckopenuam ma Kymoeum nepemiujenam cyoua
npu 100 % nasanmasicenns
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m nocTynanbHi KONMBaHHS NPULLBAPTOBAHOTO CyaHa M nocTynanbHi KONMBaHHA NPULLBAPTOBAHOIO CyaHa

-0,30

e oy - o] | o ‘

nepemituenHs no z -~ -~ nepemiueHhs no y - -~ nepewmitenHs Mo x
0,40 -0,25

Puc. 5. Po3paxosani nocmynosi nepemiujens nogionosioHUM eKcnepemenmanibHum
npuckopenuam cyona: a) npu 50 % nasanmasicenns, 6) npu 100 % nasanmasicenms

3 rpadikiB puc. 5 BumnHo, mo npu 50 % HaBaHTa)XeHHI CymHO Oyae 3IifCHIO-
BaTH BEPTUKAIBHI TEpEeMIlIeHHs 3 aMInIiTymoo a0 0,4 M i mepioguuanicTio 14-15 c,
Ta MOB3A0BXKHI KOMMBaHHA 3 amrutitynofo 1o 0,1 m 3 mepiognunicTio 6¢ek. [Ipu 100 %
HaBaHTaXEHHS CyqHO Oyie 37iHCHIOBAaTH BepTHUKAIbHI KOJWBAHHS 3 aMILTITyA00 0,2 M
3 mepiogugHicTIO Texk 14 c¢. [ToB3MOBKHI KOJIMBAaHHS 3MEHIIATH aMIuTiTyqy a0 0,05 M,
a mepiof 301UIBIMBCS Maibke BaBidi — 10 12 ¢. Taka 3MiHa XapaKTepUCTHK IILITKOM 3pO-
3yMijna, 00 30UTBIIIUIACS iHEPIlis cymHa. Maibke BiZICYTHE KOJIMBAHHS B MTOTIEPEIHOMY
HAINpPSIMKY Ta KYTH PHCKaHHs B 000X BHMajKax. Lle MmoscHIOEThCS BiJICYTHICTIO MOJie-
JIOBAHHSI TMHAMIYHOI POOOTH MIBAPTOBHUX TPOCIB, 1€ BPAXOBYEThCS (PAKTOp Hacy ix
nedopmarrii. Ase, sk Bke Oy10 CKa3aHO BHIIE, 1€ MOJIEITIOBAHHS MOTPIOHE y BUITAIKY
JIOBTUIX XBHJIb, KOJIM 3MIIIICHHS 3HAYHE Ta PO3TATYBAHHS TPOCIB TIEPEBHUIITYE MEXKI1 JIIHIN-
HOTO 3aKOHY iX mpykHO1 Aedopmartii. B ganiit poOOTi 3ycHyuis, 0 BUHUKAIOTH Y TPO-
cax, MpOoTopITiiHi iX medopmarrii.

[axminomerp 3adikcyBaB CTaIliOHApHI KyTH KpeHy Ta IudepeHTy, OTpHUMaHi
MOJIEIIJTIO Cy[Ha B HAcHioK mpudamoBanag. nsg Bunaaxky 50 % HaBaHTa)XeHHS CTa-
[IOHAPHUH KyT KpeHy nopiBHIoe 1,58°, a kyT audepenty — 0,16°. s Bunaaxy 100 %
HaBaHTaXEHHS CTaIllOHAPHUHA KyT KpeHy mopiBHIOE 1,325°, a kyT mudepenty — 1,745°.
BboptoBa xuraBuis B 000X BHUIAAKaX MaikKe BIICYTHS, IO OOYMOBJICHO HAIPSIMKOM
PO3MOBCIOMKEHHS XBIJIb B PO3pi3 HOCOBOI YaCTHHHU Mojeli. KijeBa XuTaBuIrs Maixe
BIJICYTHS Yepe3 MBAPTOBHY CXEMY 3 BiACYTHIMHU ITOB3IOBKHIMH TPOCAMH 1 KOPOTKHUMH
NPUTHUCKHUMHU, MaiKe MePIeHTUKYISIPHUMHE JI0 KOPITyCY MOJIETII.

JlaHHI eKCIIepuMEHTyY OyXKe T00pe KOPETIOI0Th 31 3HAYCHHSIMHE BiATIOBITHUX BEIH-
Y9UH, 0 OyJIM PO3paxOBaHi aHATITHYHUM METOIOM 3 CHCTEMU JIIHIHHUX PIBHIHD PYXy
cynHa. B Tabnwmi 1 BoHM mpuBeneHi AT MOPiBHIHHS.

P

_\akl‘)+‘f,°(7i)‘—k(A) .

<0,k =1,6, 10 BTUTIOIOTH METO/T IIEPEBIPKH BIATIOBIAHOCTI pyXiB CyTHA HOPMATHBHUM
00MEXCHHSM TIOPTOBUX CIIYKO 03 pO3B’sI3aHHS MOBHOI CHCTEMH AU(EpeHITIaTbHUX
piBHsAHB. TyT numie Tpeba HaramgaTtH, MO0 KOKHA 3 HEPIBHOCTEH € OIIHKOIO HOPMH
CTPOKM MaTpHIll JUHAMIYHOI CHUCTEMH «CYIHO-IIBAPTOBHA CHUCTEMAa-NIPHYAID», IO
3aJIekKaTh Bij] MOMEPEIHBOTO HATATY TPOCIB Ta TEOMETPii Ta BIUIMBY 30BHINIHIX CHII.
V tabnuili 2 HaBEACHO 3HAYEHHS ITUX HOPM. SIK BUIIHO, JUIsl 000X BHUITAIKIB HEPIBHO-
CTi BUKOHAaHI.

6
TakoX LIJIKOM BUKOHYIOTbCS HEPIBHOCTI Z(‘ 1o (l,)
I=1
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Tabmums 1
IlopiBHSIHHS eKCIEPUMEHTIILHUX TA PO3PAXYHKOBHX JaAHUX
KineMaTuuHi XapakTepucTHKH cyaHa npu 50 % HaBaHTaKeHHsI
X y z roll pitch yaw
ExcriepumenTt 0,09 ~0 0,35 0,02 0,01 ~0
Po3paxyHoK 0,03 ~10* 0,34 ~ 107 0,003  |~10°
KinemaruuHi xapakrepuctuku cyiHa npu 100 % HaBaHTaKeHHS
ExcriepumenTt 0,04 ~0 0,20 0,01 0,02 ~0
Po3paxyHoK 0,02 ~10* 0,22 ~10° 0,001  |~10°
Tabmums 2
Bausinauis metoay nepeBipku BiAlOBiIHOCTI pyXiB cyaHa
BCTAHOBJIEHHM 00MeKeHHSIM
Ouinka s cynHa npu 50 % HaBaHTaKeHHS
Ne Koopaunaru Bexkropis | Excnepumenranbni | JomycTumi meski Ouinka
TpOCy TpociB 3HAYEHHS, aAMILTITY HepiBHOCTI
1f (L,0.5B,0.3T) Xg,M 0,04 €, M 0,1 - 0,65
2f (0.5L,0.5B,0.37T) YgsM 0 €,,M 0,1 ~1,04
3f (0.25L,0.5B,0.37) Zg-M 0,2 €3,M 0,5 ~ 1,67
3a (—O.25L,O.SB,0.3T) ¢, pan. 0,01 &4, pan. 0,017 -1,0
2a (—O.SL,O.SB,0.3T) V,pan. 0,02 Es,pal. 0,017 -1,0
la (-L,0.5B,0.3T) O,pan. | 10° | &Pad. | 0,017 -1,0
Oninka aia cynaa npu 100 % HaBaHTaKeHHA
If (L,0.5B,0.3T) XG> M 0,04 €,M 0,1 -0,76
2f (0.5L,0.5B,O.3T) Ye-M 0 €,,M 0,1 - 1,03
3f (0.25L,0.5B,0.3T) Zg-M 0,2 €, M 0,5 — 1,44
3a (—0.25L,0.SB,0.3T) ¢, pan. 0,01 €4,pan. 0,017 -1,0
2a (-0.5L,0.5B,0.37T) V,pam. | 002 | &,padA. | 0,017 ~-1,0
la (-L,0.5B,0.37) 0, pan. 10 €, pam. | 0,017 -1,0

BucHoBkH. Y po0OTI MPOBEICHO EKCIIEPUMEHTAIBHE J0CI1DKSHHSI JMHAMIKH BEJIH-
KOTOHHa)KHOTO Oalikepa, MPHUIIBAPTOBAHOTO 0 MpHYaIly, il JI€I0 PeryasipHOrO XBH-
JIIOBaHHS B yMOBax MinkoBoias. st poro Oyno peanizoBaHo (i3uuHe MOACTIOBAHHS
B IOCIiAHOMY OaceiiHi 3 TOTpUMaHHIM KpuTepito nogionocti @pyaa ta 3 ypaxyBaHHIM
KOHCTPYKTUBHHX 1 TEXHOJIOTTYHUX 0OMEXEHb Ja00paTopHOTo 00a HAHHS.

VY Xopmi eKcrepuMeHTy OTPUMAaHO AaHi 00 IPUCKOPEHb, MOCTYMAIBHUX 1 KyTOBUX
nepeMillieHb CyJHa [UIsl BUIIaIKiB TOBHOTO Ta YaCTKOBOTO 3aBaHTa)xeHHs. O0poOKa exc-
MEPUMEHTAIBHUX PE3YJIbTaTIB 13 BUKOPUCTAHHSM CIIEKTPAJIBHOTO aHali3y J03BOJIHIIA
BU3HAYUTH JOMIHYIOY1 YaCTOTH Ta aMILTITYIM KOJIMBAaHb, & TAKOXX BUKOHATH KOPEKTHHH
nepepaxyHoK MOJICJIbHUX 3HaYeHb HAa HATYPHI YMOBH.

BcranoBneHo, mo yMOBH 3aBaHTa)KEHHs iICTOTHO BIUIMBAIOTH Ha XapakTep pyxy
MPUIIBAPTOBaHOTO cyfaHa. [Ipm 4acTKOBOMY 3aBaHTaKEHHI CIOCTEPIraeThcsi 3poc-
TaHHS aMIUTITYl BEpTUKAJIBHUX 1 MOB3JOBKHIX MEpPEeMillleHb Ta 301JIbIICHHS MEePioAiB
KOJIMBaHb, 1110 3yMOBJICHO 3MEHILICHHM 1HEPLIHHUX XapaKTePUCTHK cyaHa. BogHouac
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IpH MOBHOMY 3aBaHTKEHHI PyX CylHA € OUTBII CTaOITbHIM, a aMILTITYJ! KOJIHBaHb
3MEHIIYIOTHCS.

[MokazaHo, 1110 32 PO3MISIHYTOTO HAMPSIMKY MONIUPEHHS XBHJIb 1 IPUHHITOI CXEMH
HIBapTyBaHHsI TIONEPEUHi Ta KypCOBi KOJMBaHHS 3aJIMIIAIOThCS He3HauHuMHU. Lle cBif-
YUTh NP0 e(EKTHBHICTH 00paHoi KOHQIrypalii MBapTOBHOT CUCTEMU B YMOBaX pery-
JSIPHOTO XBUITIOBAHHS.

[MopiBHSIHHS €KCTIEPUMEHTAIILHUX JAHUX 13 pe3ysibTaTaMi aHAIITHYHUX PO3paxyH-
KiB, BUKOHAHMX Ha OCHOBI JIIHIMHOT MareMaTU4HOi MOJIENI PYXy CYIHA, ITiJITBEP/IUIO
X 3a/I0BUTBHY Y3TO/KEeHICTh. Lle J03BOIsIE BBAXKATH 3alPOIIOHOBAHY MOJIENb Ta PO3-
POOTICHNH METO/] OLIIHKY aMILTITY/] pyXy IPUAaTHUMH ISl IPAKTHYHOTO BUKOPUCTAHHSI.

[TinTBEep/IPKEHO MOXKJIMBICTH 3aCTOCYBAHHS 3alPOIIOHOBAHOTO MiAXOMY JUIs Tepe-
BIPKH BIAMOBIIHOCTI PyXiB CyJHa HOPMATHBHUM OOMEKEHHSIM MOPTOBHX CIIYKO 0Oe3
pO3B’si3aHHsI TOBHOI CUCTEMH JU(epeHIiadbHUX piBHSIHb. OTpUMaHi pe3ylbTaTH
MOXYTb OyTH BUKOPUCTaHI JijIsl OOIPyHTYBaHHSI PEKUMIB CTOSIHKH CYJIeH, BUOOpY palli-
OHAJIBHUX CXEM IIBApPTYBaHH;I Ta ITiIBUILICHHS O€3MeKH BAHTA)KHO-PO3BAHTAXKYBAIBHUX
pOOIT y HEOCTATHBO 3aXMIICHUX aKBATOPISX MOPTIB.
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Summary

Introduction. The efficiency of marine diesel engine power plants is primarily
determined by the performance of their turbocharging systems, which must supply
sufficient intake air pressure to the cylinders. At high compressor pressure ratios,
nearly the entire exhaust-gas turbine power output is consumed by the compressor,
leaving limited potential for waste-heat recovery or efficiency improvement.
A promising method to reduce compressor power consumption is two-stage compression
with intercooling, which increases air density, reduces compression work, and
improves overall turbocharger efficiency. Deep intercooling enabled by waste-heat-
driven ejector or absorption refrigeration systems is of particular interest. However,
the optimal split of the total pressure ratio between the low- and high-pressure stages,
as well as the required intercooler outlet temperature, remains to be fully defined for
marine applications. Purpose. The purpose of this research is to evaluate the influence
of intercooler depth and post-intercooler air temperature on the energy characteristics
of a two-stage turbocharging system for marine diesel engines, and to determine the
optimal pressure-ratio split (r_/r ) that minimizes compressor power consumption
and maximizes turbine power availability for onboard use. Results. A thermodynamic
analysis was performed for a two-stage compressor with various post-intercooler
temperatures (11102 = 20-80°C) and ambient inlet temperatures (20 and 40°C).
The results were compared with a baseline single-stage turbocharger (total pressure
ratio = 4). The ratio of compressor powers (N/NIIO) exhibits a distinct optimum
at « /m, = 0.8-1.5, corresponding to a 5-15 % reduction in compressor power

© Andrieiev A.A., Anydrieieva N.B., Solomyentsev O.1., 2025
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compared to the baseline. Deep intercooling to t,,, = 20-40°C yields the most
significant savings (12—15 %), although such temperatures require refrigeration
beyond the capability of seawater cooling. Deeper cooling also shifts the optimal
value of _/r , toward lower ratios. Temperature drops of 50-100°C across the heat
exchangers were identified, providing design guidance for the steam generator and
evaporator of waste-heat-driven refrigeration machines. The resulting increase in
available turbine power enables it to be used either for electrical generation or to
assist the main engine shaft power during cruising. Conclusions. The study confirms
the effectiveness of two-stage turbocharging with intercooling in improving the energy
efficiency of marine diesel engines. Optimal intercooling parameters and pressure
ratio splits were identified, resulting in significant reductions in compressor work and
freeing up turbine power for practical onboard applications. Deep intercooling yields
the most considerable benefit but requires refrigeration-based cooling. The findings
offer practical guidance for designing advanced turbocharging and heat-recovery
refrigeration systems in modern marine propulsion plants.

Key words: intercooling, marine diesel engine, turbocharging, pressure ratio,
refrigeration system, waste-heat recovery, energy efficiency.
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Anomauisn

Bemyn.  Iliosuwenns egexmuenocmi  cyOHOBUX OU3ETbHUX —eHEePeeMmUYHUX
VCMAHOBOK 3HAYHOIO MIPOIO 3aiedcums 6i0 pobomu cucmemu mypOOHA00ya8y,
sAKa 3abe3neuye HeoOXIOHUll Muck nogimps Ha 6nycky. 3a 6UCOKUX CMYNEeHig
CIMUCKAHHA ~ KOMHPEcop CNONCUBAE NPAKMUYHO 6CHO  NOMYICHICMb — 2A30801
mypoinu, wo o0OMedNCYeE MONCIUBOCMI peKynepayii meniomu ma 3HUNCEHHS.
numomux eumpam naiuea. OOHUM i3 HAUOIILW NEPCNEeKMUBHUX MemOoOig
3MEeHWeHHs poOOmuU KOMNpecopa € 3acmocy8anHs 08OCMYNEHe8020 CMUCKAHHSI
3 NPOMIJICHUM  OXONOOJCEHHAM, AKe  3HUNCYE — memnepamypy  pobouozo
cepedosuya, NIOGUWYE 2VCTMUHY 3apsA0y Ma 3MEHUYE eHepeemudni eumpamu
Ha cmuckauusa. Ocobaugy ysazy npueepmaiomsv cxemu iuboKo20 O0XO0N00NCEeHHs
3 BUKOPUCMAHHAM  eXHCeKMOPHUX abo abCcopOYiiHUX XOAOOUNbHUX MAUIUH,
wo npayooms Gi0 YMuii308aHOi Meniomu eionpaybosaHux easzie. Boounouac
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ONMUMANbHI  napamempu  NPOMINCHO20  OXOL0O0JCeHHST Ma  CNiBBIOHOULeHHS
CMYNeHi8 CMUCKAHHA MIdH KOMAPECOPHUMU CIMYNEHAMU NOMPedyomb 000amKo8020
ananizy. Mema. Memoto pobomu € 8U3HAUEHHs NIUBY CIYNEHA Mda MeMnepamypu
NPOMINHCHO20 OXONOONCEHHA HA eHepeemuiHi NOKA3ZHUKU O080CHMYNEHe8oi cucmemu
HAO0Y8Y CYOHOB0O20 OU3ENbHO20 08ULYHA, A MAKOIC BCMAHOBAEHHI ONMUMATIbHO20
cniesionowlenns cmynemie cmuckawns (x /T ,), wo 3abesneuye minimanvhe
EHep2OCHONCUBAHHI KOMNPecopa ma MAKCUMAIbHY 00CMYNHY NOMYHCHICMb 2A30601
mypoinu ona pexynepayii. Pezynomamu. Ilpogedeno mepmooOuHamivHuil aunauniz
pobomu 08OCMYNene8o20 KOMHPecopd 3 NPOMINCHUM OXOLOONCEHHAM HA PIZHUX
memnepamypax nogimps nicis inmepkyaepa (t,,, = 20-80°C) ma memnepamypi
Haskonumnbo2o cepedosuuwia (20 ma 40°C). [na nopieHaHHA GUKOPUCAHO
0OHOCMYNEHe6Ull KOMNPECop I3 3a2albHUM CHIYNeHeM CMUCKawnsa m = 4. Ananis
sanexcnocmi  N/NIIO  noxazaé ichysamnusi OnMUMAIbHO2O — CHIGEIOHOULCHHS
r /r, = 0,8-1,5, 3a AK0O20 eHnepeOCNONCUEAHHA KOMNPeCcopa 3MEeHULyEMmbCs Ha
5—15 % nopieusano 3 6azoeoro cxemoro. Hailbinouwuii egpexm docsieacmucs nio vac
2NUOOKO20 0XOJIOOHCEHHSA Loy = 20—40°C, wo 3abe3neyye 3meHUeH s CNONCUBAHOT
nomyxcnocmi na 12—15 %. Ilokazano, wo 011 00CACHEeHHs MAKUX memnepamyp
nompione 3acmocy8anHs X0100ULbHUX MAWUH, OCKIIbKU 0X0N00HCEHHS 3A00PMHOI0
600010 € Hedocmamuim. JJo0amrko80 6CMAHOBIEHO, W0 eAUOULE OXOT0OICEHHS 3CYBAE
ONMUMYM TT_/TC , Y HANPAMKY 1020 3MeHuenHs. Busnaueno memnepamypui nepenaou
6 mennooominnurax (50—100°C), HeobXiOHi 015 NPOEKMYBAHH NAPO2eHepAMopa mda
BUNAPHUKA Y CUCTEeMax Men108UKOPUCIOBYIOUUX XOI00ULbHUX MauwuH. Bucnosku.
llosedeno Ooyinbuicmeb 3acmocy8anis 080CMYNEHe8020 HAOOY8Y 3 NPOMINCHUM
OXOJLOOMCEHHAM ) CYOHOBUX OU3ENbHUX eHepeemUYHUX YCMaHoeKax. Bemanosneno
ONMUMANbHI napamempu, SKi MIHIMIZYIOmMb poOOMY KOMIpecopa ma niosuuyioms
3aeanvhy epekmugnicmo cucmemu. I 1uboxe oxonodcenns 3abes3neuyc HaubibUUL
eHepeemuuHull  ehexm, O0OHAK BUMALAE BNPOBAONCEHHS XOAIOOUNbHUX MAULUH.
3MmeHwennapooomuKOMNPecopanpusoOums 00 30i1blUeHHs1 00CMYNHOTNOMYAICHOCII
2a3080i mypoOinu, KA MOHCe BUKOPUCMOBYBAMUCA AK O/l elleKmpozenepayii, max
i 0 nioguwgenHss KOPUCHOI NOMYIUCHOCHI 20108H020 08USYHA NIO YAC DPYX).
Ompumani pezyromamu Moxcymos Oymu SUKOPUCMAHI NIO YAC NPOEKMYBAHHSL
iHme2posaHux cucmem Ha0Oy8y ma Mmenio8UKOPUCIIOBYIOUUX XOIOOUIbHUX MAULUH
Y CYUACHUX CYOHOBUX eHep2emUyHUX KOMNIeKcax.

Knrouogi cnosa: npomisicre 0xono0dicetts, Ha00ys, CYOHOBUL OU3ETbHULL OBUSYH, CIMYNIHb
CIMUCKAHHSL, XOTOOUWTbHA MAUIUHA, MENTI068A YIMUNI3ayis, eHepeemuyta eqoekmueHicmb.

Introduction

Modern marine diesel engines commonly employ turbocharging compressors
with relatively high-pressure ratios (n_~ 2-4) to boost air intake pressure. This
requires almost all the exhaust-gas-driven turbine’s power output, effectively
utilizing the entire enthalpy drop of the exhaust gas [1]. To improve engine
efficiency and recover energy, it is necessary to reduce the compressor work
and unload the turbine, thereby creating a power reserve (the difference between
the turbine and compressor power) that can be redirected to the engine crankshaft
or used to drive an electric generator [1]. A traditional method to reduce compressor
work is intercooling, which involves cooling the boost air between compression
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stages. Conventionally, this intercooling uses seawater; however, its cooling
capacity is limited, and there are few onboard consumers of the heat removed [2].
Using the heat of compressed air directly in a steam power boiler is problematic,
especially at part loads when the inlet air temperature drops [3]. One promising
alternative is to cool the boost air using waste-heat-driven refrigeration cycles (e.g.,
ejector chillers) that utilize exhaust heat to produce refrigeration. The generated
cold can be used to achieve deeper intercooling of the boost air (or even the inlet
ambient air), thereby increasing the cylinder air charge and enabling higher fuel
delivery and engine power [4].

Figure 1 schematically illustrates the two-stage turbocharging system with
intermediate air cooling considered in this study. The system consists of two compressor
stages connected in series — a low-pressure (LP) stage and a high-pressure (HP) stage —
with an intercooler installed between them. Such a configuration may be realized either
as a single turbocharger with a two-stage compressor or as two serially connected
turbochargers; from a thermodynamic perspective, both arrangements are equivalent
for the analysis of compressor power consumption.

Ambient air is compressed in the LP compressor to the pressure ratio =
and subsequently cooled in the intercooler to a prescribed after-intercooler temperature.
The cooled air then enters the HP compressor, where it is compressed to the final pressure
ratio m_, before being supplied to the engine intake manifold. The overall pressure ratio
of the system is defined asn_=m_ m ,.

The analysis is based on a steady-state thermodynamic model of two-stage
compression with intermediate cooling. The total compressor pressure ratio 7_is fixed
according to engine air-supply requirements, while the pressure ratio split between
the stages is varied by changing the ration_/x_,.

The temperature after the first compression stage is determined assuming a polytropic
compression process. After cooling in the intercooler, the air temperature is reduced
to the specified after-intercooler value ¢, ,,, which serves as the inlet temperature for
the second compression stage. The outlet temperature of the HP compressor is then
calculated using the same polytropic relations.

The investigated system represents a single turbocharging unit with a two-stage
compressor and intermediate air cooling between the stages. The configuration
includes a low-pressure compressor, an intercooler, and a high-pressure compressor
arranged in series.

g1 T2

Air MAR(D AW

LP Intercooler HP Charge air cooler

compressor compressor
intake

Figure 1. Schematic diagram of a two-stage turbocharging system with intermediate
air cooling: LP compressor (), intercooler, HP compressor (x ), and engine intake
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From a thermodynamic standpoint, this configuration is equivalent to a serial
connection of two compressors within one turboaggregated system.

Figure 1 illustrates the adopted configuration and should be interpreted exclusively
as a two-stage compressor with intermediate cooling.

Relevance to Marine Diesel Engines

The presented analysis is particularly relevant for marine diesel engines due to their
specific operational characteristics. Marine propulsion and auxiliary engines typically
operate at constant rotational speed and near-constant power output for prolonged
periods, especially when driving fixed-pitch propellers or electrical generators.

Under such stable operating conditions, the turbocharging system can be optimized
over a narrow, well-defined range of parameters. Additionally, marine engines are subject
to limitations in conventional seawater cooling capacity, which restricts the achievable
depth of intercooling. These constraints make advanced two-stage turbocharging systems
with optimized intercooling especially attractive for marine applications.

Moreover, marine diesel engines increasingly operate at high boost pressure
ratios, where compressor power consumption approaches the available turbine power.
Therefore, any reduction in compressor work directly increases the available turbine
power margin, which is of high practical importance for shipboard energy systems.

Justification of the Optimization Criterion

In this study, the optimization criterion was the minimization of total compressor
power consumption. Both thermodynamic considerations and practical engine
operation justify this choice.

Although different pressure-ratio splits result in different charge-air temperatures
downstream of the intercooler and in the intake receiver, these temperature variations
were explicitly accounted for in the thermodynamic model. Changes in air temperature
and density at the receiver directly affect the inlet conditions of the high-pressure
compressor and, consequently, its power consumption.

In the absence of a final aftercooler, the charge-air temperature supplied to the engine
indeed varies with the pressure ratio distribution. However, reducing compressor work
increases the available power of the exhaust gas turbine. For marine engines operating
at constant speed and load, this released turbine power represents a direct energy benefit,
either for mechanical assistance of the crankshaft or for onboard electricity generation.

Thus, minimizing the total compressor power is a physically meaningful
and practically relevant optimization criterion for marine diesel engines with two-stage
turbocharging and intermediate cooling.

Analytical Methodology

To determine the optimal intercooling parameters, we carried out calculations
of the turbocharger power consumption as a function of the ratio n_/x , of the low-
pressure (m ) and high-pressure (m ) compressor stages under various conditions [5].
In the analysis, the intercooler outlet (after-intercooler) air temperature, 7, ,, was varied
(20, 40, 60, and 80°C), along with the ambient inlet temperature (tin = 20 and 40°C).
The baseline case was defined as a single-stage turbocharger without intercooling (total
pressure ratio = 4). The output parameter was the ratio of compressor powers, N/N, .,
where N is the power required by the baseline compressor (no intercooling) and N, , is
the power required by the two-stage compressor with intercooling. The results are plotted
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in Figure 2. In these plots, N (no intercooling) and N, (with intercooling) are shown
as functions of the pressure ratio split & _/z , at different #, , and inlet temperatures [5].

Mathematical Model and Governing Equations

The thermodynamic analysis of the two-stage turbocharging system was carried out
using a steady-state model of polytropic air compression with intermediate cooling.
Each compressor stage was assumed to operate under polytropic conditions.

For a polytropic compression process, the pressure—volume relationship is given by:

PV"E DYy
where n — is the polytropic exponent.
The specific work of compression for each stage is expressed as:

n-1

n P, o
ot g [F] -

1

where R — specific gas constant of air; 7', — inlet air temperature to the compressor stage;
P, and P, — inlet and outlet pressures of the stage.
The compressor power consumption is calculated as:
mo .,

npnm

where 71 — air mass flow rate; n,- polytropic efficiency; n — mechanical efficiency.

The total compressor power of the two-stage system is determined as the sum
of the power consumptions of the low-pressure (LP) and high-pressure (HP) stages. The
overall pressure ratio is kept constant.

Results and Discussion

The current overall pressure ratio for marine engines is approximately 4. The results
of the calculations presented below are provided for this specific pressure ratio. It
should be noted that changes in the overall pressure ratio will lead to some variation
in the results; however, these variations will be relatively minor and will generally
correspond to the trends shown.

Figure 2 illustrates that for a turbocharged marine engine with intercooling,
an optimal split of the pressure ratio exists between stages. Specifically, a ratio
n /m, in the range 0.8-1.5 produces the maximum reduction in compressor power
consumption [6]. This optimal split yields a 5—15 % decrease in required turbocharger
power compared to the one-stage baseline. Moreover, deeper intercooling (lower 7))
increases the magnitude of this power saving and shifts the optimal ratio toward
lower values of ©_/m , [5; 7]. The most significant power reduction (over 1215 %) is
achieved when the compressed air is cooled to 7, , = 20...40°C. Such deep cooling is
only achievable with mechanical or refrigeration cooling (beyond seawater alone). In
these cases, the configuration of the ejector refrigeration system (driven by low-pressure
steam) should include a high-pressure steam generator (power cycle of the refrigeration
machine) to utilize the relatively high-temperature heat potential of the boost air,
and an evaporator to cool the boost air to a low temperature 7, = 20...40°C between
the compressor stages [5; 7].

N =
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When designing the heat exchangers of the heat-recovery refrigeration system
(i.e., the high-pressure steam generator and low-pressure evaporator), the relevant
temperature differences in the compressed air must be known. Depending on the cooling
depth, the temperature drop Az, varies approximately from 50°C to 100°C [8].

NN, NINy

th, =20 °C
t0, =20°C o

1,15 40°C
40°C o
1,05 60°C

80°C
60°C

>
¥

1,00
80°C
1,05
0,95
1,00
0,90
0,95 0.85

o
3]

10 15 20 g/,

o

5 10 15 20 m./m,

a b
Figure 2. Dependence of the compressor power ratio N/N,,, on the ratio nt_/r_,
of the low-pressure (rt ) and high-pressure (r ) compressor stage pressure ratios,
for various post-intercooler temperatures (i Lo = 20, 40, 60, and 80°C) and inlet air

temperatures tin = 40°C (a) and tin = 20°C (b)
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Figure 3. Dependence of the temperature after the first stage of cooling and after intercooling
on the ratio &t_/r , of the pressure ratios of the low-pressure (z ) and high-pressure (r ,)
compressor stages at inlet air temperatures tin = 40°C (a) and tin = 20°C (b)
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Importantly, for deep intercooling applications (either boost air or inlet air),
it is inefficient to reject the intermediate-temperature heat (~40—-60°C) through
the refrigeration machine, because this yields very low ejector and thermal coefficients
and consumes scarce low-temperature cooling capacity (evaporator discharge around
0-10°C) [9]. Instead, that intermediate heat is more appropriately removed by seawater.
In practice, similar three-section intercoolers (steam—water systems) have been used
on ships for many years. Still, their drawback is low efficiency or even infeasibility
of the steam-generating (water-steam) section at part-load when exhaust temperatures
fall [9]. The proposed heat-recovery circuit based on low-pressure steam is relatively
effective even at partial engine loads [9; 10].

Overall, the intercooling system and heat-utilization circuit should be designed
around the optimal pressure ratio split to maximize turbocharger power savings. In other
words, the compressor stages should be sized so that ©_/x, is approximately 0.8-1.5
for optimal performance [7]. The reduction in compressor power frees up a portion
of the power from the waste-heat recovery turbine, which can be used to generate
electricity or to drive the main engine shaft during cruising. In summary, by selecting
the optimal intercooling parameters, the engine’s overall energy efficiency and output
can be significantly improved.

Conclusions

1. Optimal Compression Split: For marine diesel engines with intercooling,
there exists an optimal ratio of low-stage to high-stage pressure ratios (m /7 )
of' 0.8—1.5. Using this ratio reduces the turbocharging compressor’s power consumption
by approximately 5-15 %.

2. Power Recovery and Use: The saved compressor power corresponds to additional
power available from the gas turbine. This extra power can be utilized for onboard
electrical generation or transmitted to the main engine shaft in cruising mode.

3. Intercooler-Refrigeration Design: The layout of the heat-recovery refrigeration
system (e.g., ejector refrigeration) in the engine’s gas—air path should be based on
the identified optimal ratio. The placement of the steam generator and evaporator (between
compressor stages) should be chosen to achieve the identified optimal pressure ratio split.
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Anomauisn

Y ecmammi poszenanymo npodiemy KopekmHo2o mepmMiHOI02ITYHO20 PO3MENCYBAHHSA
NOHAMb «MEXHON02TYHIY MA «102ICMUYHIY npoyecu/onepayii y mpancnopmuii cgepi
8 YM0OBAX AKMUBHO2O NPOHUKHEHHs N02ICMUYHO20 NOHAMIUHO20 anapamy 6 mpaH-
cnopmuy Hayky ma oceimy. Illokasano, wo He 00CUMb BUBAJCEHE 3ANO3UUEH-
Hs Oeghiniyii, cghopmosanux Ha 6a3i mMamepiaibHUX GUPOOHUYMS, HPU3BOOUNb
00 nossU NCeBOONOICIMUYHUX MEPMIHI, MEePMIHON02IYHUX KOAI3IU [ 3MICMOBUX
niomin, 30Kpema y MpaKmy8aHHi 6AHMANCONEPEPOOHUX, NePeGi3HUX Mmd cepsic-
Hux npoyecie mpauncnopmy. Ha ocnogi npodykmoyeHmpuuHo2o nioxody oOIpyH-
MOBAHO, WO KIIOYOBUM KPUMEDPIEM PO3MEJICYBAHHA NOLICIMUYHUX [ MEeXHOA02iu-
HUX npoyecié € npupooa CmMeopr8aHO20 NPOOYKMY (MamepiaivHuii mosap 4qu
HemamepiaibHa MPAHCNOPMHA nociyea) i cyo’ekm, sKkull 30UUCHIOE HACKPI3-
He Ynpaeninms mamepianrbnum nomoxom. Illokazano, wo 6 mpaucnopmi pe3yib-
mamom OIANbHOCMI € HeMamepiaibHa NOCHy2d, AKA CHOXCUBAEMbCA OOHOYACHO
3 i1 6upoOHUYMBOM | He MOodice OYMuU HAKONUYeHd, a OLIbuwicms npoyecis, wo y npo-
MUCTOBIL IO2ICMUYT 88ANCAIOMBCA NOICIMUYHUMU, Y MPAHCNOPMI MAOMb MEXHOJLO0-
2iuHy cymHicmb, OCKiIbKU (DopmMyomb MPAHCNOPMHY NOCAYEY Ma ONepyrms 8aH-
mabsicem AK 00’ €kmom npayi mpascnopmy. 3anponoHO8aHO KOHYEeNnmydaibHy Mooeilb
mpancgopmayii cmamycy mamepianbHo2o npooyKmy (mogap — 8aHmMaiC — 6aHMA-
AHCONOMIK — MPAHCHOPMHA NOCYea) Md 3MIHU CYO '€KMa YNpasiiHHa MamepiaibHUM
NOMOKOM, d MAKONMC CUCTNEMY MemOOOI02IYHUX NPUHYUNIE (MPOOYKIMOYEHMPUUHOC-
mi, QYHKYIOHANbHOT pOii, KOHMEKCMHOCMI, 8I0N08IOHOCHI CYO eKma 00CaiodicenHs),
wo 3abe3neuyioms HayKo80 8UBIPEeHe MePMIHOI02IUHE POIMENCYBAHHS MEXHONO02IUHUX
i nocicmuunux npoyecis. Ha ocnosi ananizy misicnapoonux ooxymenmis (ISO, UNECE,
UNCTAD, IMO) npodemoncmpo8ano 8i0CymHicms NPAKmMuKu NO3HAYEHHsL MeXHONI0-
2IYHUX Ol MPAHCNOPMY MEPMIHOM «LO2ICIUKAY, U0 NIOMBEPOICYE HEKOPEKIMHICTb
VoICUBAHHA nowupenux ncegoonocicmuunux Oeiniyiu. Cghopmynvosano pexomern-
oayii 0 oceimu, HAyKU ma 2any3esoi npakmuku wo0o YHigikayii mepminonoaii,
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nepeaiady 0C8ImMHIX npoepam i 8i0nosionux cmanoapmis. 3anponoHo8ana Kouyen-
MYanbHa MOOeNb IHMe2POBAHd 8 HAYKO8Y CUCEMY «napaouema — OOKMPUHA — KOH-
yenyis — cmpamezisiy i Modxce CLy2y8amu Memoooi02i4HOI0 OCHOBOI0 OJisl NOOANbULUX
docnioxcens ma 2any3eoi cmanoapmusayii y mpancnopmuii cgepi.

Knwuosi cnosa: mpancnopmui cucmemu, mpancnopmui mexHonozii, mpancnopmue
BUPOOHUYMBO, MPAHCNOPMHA NOCTY2d, JOLICIMUYHI Npoyecu, MexHoNo2IuHi npoyecu,
MePMIHONI0CTYHE PO3IMEINCYBAHHSL, BAHMANICONOMIK, CYO €EKM YNPABGIIHHS, 102ICMUKA.
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Summary

The article examines the problem of the correct terminological distinction between
“technological” and “logistical” processes/operations in the transport sector amid
the active penetration of logistics terminology into transport science and education.
1t is demonstrated that the uncritical transfer of definitions originating from material-
production industries leads to the emergence of pseudo-logistics terms, terminological
inconsistencies, and semantic distortions-particularly in the interpretation of cargo-
handling, transport, and service operations. Using a product-centred approach, the
study substantiates that the key criteria for differentiating logistical and technological
processes are the nature of the resulting output (material goods vs. immaterial transport
service) and the entity exercising end-to-end control over the material flow. It is shown that
transport operations generate an immaterial service, which is consumed simultaneously
with its provision and cannot be accumulated, and that most operations considered
“logistical” in industrial logistics possess a technological nature in transport, as they
form the transport service and involve cargo as the object of transport work.

The study proposes a conceptual model describing the transformation of the status of
a material product (cargo) throughout its movement (goods — cargo — cargo flow —
transport service) and the shift of the flow-control responsibility between actors. A system
of methodological principles-product-centricity, functional role, contextuality, and
actor-based applicability-is introduced to ensure a scientifically sound terminological
differentiation between technological and logistical processes. Based on the analysis
of international standards and documents (ISO, UNECE, UNCTAD, IMO), the article
demonstrates the absence of any practice of describing transport technological
operations as “logistics”, which confirms the incorrect use of widespread pseudo-
logistics expressions.

48



PO3BUTOK TPAHCIIOPTY
Ne 4(27), 2025

The paper formulates recommendations for education, research, and professional
practice related to terminology standardization, the revision of educational programmes,
and the refinement of professional standards. The proposed model is integrated into
the analytical framework “paradigm — doctrine — concept — strategy” and may serve
as a methodological foundation for further research and sector-wide standardization
within the transport domain.

Keywords: transport systems, transport technologies, transport production, transport
service, logistical processes, technological processes, terminological differentiation,
cargo flow, managing entity, logistics.

IocranoBka npodsemu. EBomioniss TpaHCIOPTHUX TEXHOJIOTIM 1 CHCTEM CYIPOBO-
JDKYETBCSI TTOCTYIIOBUM YCKJIQJIHEHHSIM, TMOTIHOJCHHSIM 1 PO3IIUPEHHSM CIeIiallbHOT
tepminosorii. Ha cyuacHomy erari y chepy TpaHCIIOPTHUX JIOCHI/PKEHb aKTHBHO iHTE-
IPYETHCSI TIOHATIMHUIA anapar JIOTICTHKH, 110, 3 OTHOTO OOKY, BIJIKPHBAE HOBI MOXITUBOCTI
JUTSL KOMITJIGKCHOTO aHalli3y JIaHIIOTIB MOCTaYaHHs, a 3 1HIIOoro — GopMye HU3KY TepMiHO-
JIOTIYHHUX 1 METOOJIOTTYHUX ITPpoOsieM. [1i 1 BIUTHBOM JIOTICTUYHUX KOHIISTILIIH, SIKI HEP1IKO
3a103UYYI0ThCs 0e3 ypaxyBaHHs crieliu(iku TpaHCIIOPTHOTO BUPOOHHMIITBA, BiIOYBAEThHCS
nocTynose nepedopmaryBaHHs TIOHATIHOTO anapary TPaHCIIOPTHOT HayKH.

VYHacHiIoK 1hOr0 3HAYHA KUIBKICTh JIOTICTUYHHX TEPMIHIB BHKOPHCTOBYETHCS
y TPaHCHOPTHIH cepi HEKOPEKTHO, 110 MPOBOKYE TEPMIHOIOTIYHI CYNIEPEeIHOCTI, CIIO-
TBOPIOE 3MICT (yHJIJAMEHTAILHUX TIOHSATH TPAHCIIOPTHOI HAYKH Ta YCKJIAJHIOE 1HTEp-
MpeTaliro BUPOOHUYHX MTPOIIECIB Y TPAHCIIOPTHIH JisITBHOCTI.

OnHi€ro 3 KITFOYOBHX MPOOJIEM MOCTAE MUTAHHS KOPEKTHOTO PO3MEKYBaHHS TIOHSTh
«TEXHOJOTTIYHI» Ta «JIOTICTUYHI» mpoleck/onepatii. ¥ chepi npakTuIHOI JisIIBHOCTI,
a TaKOXX HaBITh Y HAYKOBUX ITyOJiKaIlisIX, HABYAIBHUX Ta METOJAWYHUX IPALSX CIIOCTE-
piraroThCs Taki sBUIIA:

— BUKOPHUCTAHHS OJIHAKOBUX TEPMiHIB 3 PI3HUM 3MiCTOBUM HANlOBHEHHSM;

— 3aCTOCYBaHHS PI3HUX TEPMIHIB JUIs MO3HAYCHHSI OJTHUX 1 TUX CAMHX IPOIIECIB.

Take TepMiHONOTIYHE 3MINTYBaHHS 3yMOBIIIOE TIIMIHY ITOHSTh, YCKIIAJHIOE KOPEK-
THE TPAKTyBaHHSI IIPOIIECIB TPAHCIIOPTHOTO BUPOOHMIITBA TA CTBOPIOE MEBHI TPYIHOIII
JUIsL CTY/ICHTIB, BUKJIa1a4qiB, HAyKOBIIIB 1 ()axiBIiB-TIPAKTHKIB TPAHCIIOPTHOI Tay3i.

AHaJIi3 ocTaHHIX JociaimkeHb i myosikanii. EBostoltist iorictuku sk chepu Hay-
KOBOTO 3HAHHS TOB’S13aHa 3 PO3BUTKOM PWUHKOBHX BiJTHOCHH, IHTETpalli€l0 BUPOOHU-
4ux, 30yToBUX Ta iHGopManiiHux QyHKIil mignpueMcts [1; 2]. Y HayKoBHX JpKepenax
BU3HAETHCS, 10 JIOTICTUKA € BIIHOCHO «MOJIOJIOI0» HAyKOIO, SIKa IHTEHCHBHO PO3BH-
BAa€ThCs, a 11 MOHATIMHMHN anapar nepedyBae y craHi MOCTIHHOTO yTouHEHHS, Gopmye-
TBHCSI HA CTUKY PI3HHUX JUCLUIUIIH 1 He Mae ycraieHux aedinimiit [1-3].

VY pobotax [3; 4; 5; 6] miAKPECIIOETHCS, LIO:

— BIJICYTHE €JJMHE TPAKTYBaHHS HaBITh 0a30BOTO TEPMiHA «JIOTICTHKAY;

— He cpopMoBaHa ycTajeHa CHCTEMa KaTeropiil Ta 3aKOHiB;

— 10 97 % KIOYOBUX TEPMIHIB JIOTICTUKH 3all03MYCHI 3 IHIIUX rajy3ed 3HaHb
i cdep nisutbHOCTI [6];

— BJIACHI TEPMiHH JIOTICTHKH CTAHOBJIATH JHIIE OJM3bKO 3 % 11 TEPMiHOJIOTTYHOTO
amapary [6].

B Vkpaini TepMmiHocucTeMa JIOTICTUKHA (OPMYETBCS 371e0LIBIIOr0 Yepe3 aKTUBHE
3aM03WYCHHST MIXXHAPOHOI TEPMIHOJIOTIT Ta YaCTKOBE MEPEOCMHUCIICHHS MOHATIHHOIO
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arnapary BiTUM3HSHOI TpaHcopTHOT Hayku [ 1-5]. Taka npakTrka 4acTo NPU3BOAUTH JI0
MOSIBU «HAYKOTIOIOHUX» CII0BO(OPM 31 CKIIAIHUKOM «JIOTiCTHKa» Y cdepax, Jie Tpau-
[iITHO TOMiHYBaJIM TPAHCIIOPTHI 200 TEXHOJOT1YHI KaTeropii [4, ¢. 190-193].

OcobnvBa yBara TEPMiHOJIOTIYHAM MPOTHUPIYYSAM MiXK EKCIIEAMPYBAHHSM 1 JIOTiC-
THKOIO, @ TAKOXK CYTTEBUM BiIMIHHOCTSIM MK MOHSATTSIMU «JIOTICTHYHI» Ta «TE€XHOJO-
riuHi» Tporecu/onepanii npuaiieHa y npausx [5, c. 42-51; 7, c¢. 158-161].

[Momanpuit pO3BUTOK IUX IMiIXO/IB 3MIHCHEHO Yy JOCi/pKeHH] [8, ¢. 234-242], ne
MIPOJIEMOHCTPOBAHO, IO POJIB (CTATYC) OJJHOTO i TOTO CaMOT0 00’ ekTa (opTy abo mopTo-
BOTO TepMiHaJIa) 3MIHIOETHCS 3aJIE)KHO Bijl HOTO OpraHizaliiiHOT HaJIeKHOCTI. 30KpeMa,
SIKIIO TOPTOBHUH TEPMiHAII € YACTHHOIO BUPOOHMYOTO MiAMPHEMCTBA, BiH PO3IIISIA€THCS
SIK €JICMEHT JIOTICTUYHOT CHCTEMH BUPOOHHUKA, TOJII SIK He3aJICKHHI IOPT a00 TepMiHal
(GYHKIIIOHYE MepeTyCiM SIK eJIEMEHT TPAHCIIOPTHOI CUCTEMH, 110 3a0e31euye MepeBaiKy
BaHTaXIB 1 HE BXOAUTH JIO JIOTICTUYHOI CUCTEMH BUPOOHUKA. Take po3MeKyBaHHS ITi/-
TBEPIPKYE, IO 3MICTOBE HAITOBHEHHS MOHSATIHHOTO anapary JIOTICTHKH Ta TPaHCIOPTY
BU3HAYAETHCSI HE BIIACHE XapPAaKTEPUCTHKAMHU 00’ €KTa, a TOI HAYKOBOIO MapaurMoi0
i opraHizaliiHUM KOHTEKCTOM, Y MEKax SKMX BiH aHaJi3yeThcs. BifmoBiaHo, 11e CTBO-
pro€ miArpyHTs Uit GOPMYyBaHHS KOHIIENTYaJIbHOT MOJIEIi pO3MEKYBaHHS JIOTICTUYHUX
1 TEXHOJIOTIYHUX MPOIIECIB, SKa BPAXOBY€ MPOJAYKTOIEHTPHUYHY JIOTIKY Ta CIelU(piKy
cy0’€eKTa ynpaBJliHHS MarepiaibHUM ITOTOKOM.

VY nuceprariiiniit npari [3, ¢. 52—-88] 0oOrpyHTOBaHO JyasliCTUYHUMN ITIIXi]] 10 aHa-
JIi3y TPAHCIIOPTHO-TEXHOJOTIYHUX CHCTEM, 3T1JIHO 3 SIKUM X HEOOXiTHO JTOCII/PKYyBaTh
[[OHAMMEHIIIE 3 IBOX ITO3ULII:

— 3 TOYKH 30py TPAHCIIOPTHOI HAyKH, IO BiJ0Opakae BUPOOHUUO-TEXHOJIOTIUHI
3aKOHOMIPHOCTI ()YHKI[IOHYBaHHS TPAHCIIOPTY;

— 3 TOYKH 30pYy JOTICTHYHOTO MiJAXOMY, IO OMUCYE B3AEMOJIIIO €JIEMEHTIB CUCTEM
Ha OCHOBI YITPaBJIiHHS MaTepialbHUMH [TOTOKaAMH.

3a3HayeHHUN MiIXiJ MIAKPECIOe 00’ €KTUBHY HEOOXIAHICTh YITKOTO TEPMIHOJIOITY-
HOT'O PO3MEKYBaHHS poJieH 1 PyHKIIiH JIOTICTUKY Ta TEXHOJIOT1H Y TPAHCIIOPTHIH AisUTh-
HOCTI, 8 TAKOXK BHUSBIISE PU3UKU 3MICTOBUX MiJIMIH y pa3i HEKOPEKTHOTO 3MilTyBaHHS
[IUX KaTeropi.

MeTa cTaTTi — Ha OCHOBI IPOAYKTOICHTPUYHOTO TiJIX0AY OOIPYHTYBAaTH MPHHIIU-
OB BiIMIHHOCTI MIX TIOHSITTSIMH «TEXHOJIOTIUHI» Ta «JIOTICTUYHI» MpoIecH/oneparii
y TpaHCHOPTHiH cdepi, po3poOUTH KOHIENTYa bHY MOJIENb X KOPEKTHOTO PO3MEKY-
BaHHS Ta BU3HAYUTH 11 MICIIE Y CUCTEMI «I1apajiurMa — JTIOKTPHUHA — KOHIISIIIis — cTpare-
Tish» PO3BUTKY TPAHCIIOPTHOI HAYKH, OCBITH ¥ raily3eBOT MPAKTHUKH.

Buxopsiuu 3 MeTH, Y CTaTTi OCTABJICHI TaKi 3aBIaHHS:

1. TIpoanamizyBaTu mepeayMOBH Ta MPHUPOAY TSPMIHOJIOTTUHUX KOMI3iH 1 mcesio-
JIOTICTUYHUX JIeiHININ y TpaHCTIOPTHIN cepi, 3yMOBIEHIX HEKPUTHUYHUM TIEPCHECEH-
HSIM JIOTICTUYHUX TEPMiHIB 0€3 ypaxyBaHHS CIeIU(iKH TPAHCIIOPTHOTO BUPOOHHIITBA.

2. PO3KpUTH TPOMYKTOLEHTPUYHI OCOOJMBOCTI TPAaHCHOPTHOTO BHPOOHUIITBA
Ta HeMarepiajibHy MPUPOLY TPAHCIIOPTHOI MOCIYTH SK MIATPYHTS JJIsl KOPEKTHOTO PO3-
MEXXYBaHHS TEXHOJIOTTYHUX 1 JIOTICTUYHUX MPOLIECIB.

3. ChopmyBaru cucTeMy KpUTEpiiB Ta METOOJOTIYHUX MPUHIIMIIIB, 110 3a0e3re-
YYIOTh HAYKOBO OOIPYHTOBaHE TEPMiHOJIOTIYHE PO3MEKYBaHHS TEXHOJIOTTYHHX TPOIIe-
CIB TPaHCIIOPTY 1 JIOTICTHYHHX MPOIIECIB IPOMHUCIOBHUX Ta TOPTOBEIBHUX ITiANPHEMCTB.
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4. Po3poOHTH KOHIIETITYaJIbHY MOJIEINTb TpaHC(POPMAIIiT CTaTyCy MarepiajbHOTO MPO-
IYKTY 1 3MiHM Cy0’€KTa YIpaBIIiHHS MaTepialbHIM MOTOKOM.

5. OLIHUTH METOJOJIOTIYHE 3HAUCHHS 3alpPOTIOHOBAHOT KOHIICNTYaJbHOI MOJEII
JUIS. TPAHCIIOPTHOT HAyKH Ta OOTPYHTYBaTH MOXKIIMBOCTI 11 BUKOPUCTaHHS SIK OCHOBH
JUIsL YHOPMYBAaHHSI TEPMiHOJIOT11, ()OPMYBaHHS 3MICTY OCBITHIX IIPOTPaM 1 CTaHJIAPTIB.

6. ChopmysroBaTy cTpaTeriuHi peKOMEH/AIT 111010 BIIPOBAPKECHHS 3alpPOIIOHOBA-
HOTO TePMiHOJIOTTYHOTO PO3MEKYBAaHHS B OCBITHIO, HAYKOBY Ta NpodeciiiHy MpakTHKy
TPaHCIOPTHOI Tajy3i, IHTErpyBaBIIX iX y CUCTEMY «Iapajurma — JOKTPUHA — KOHIIETI-
I[is1 — CTpaTerish».

Bukiaa ocHoBHOro MarepiaJy.

1. Tepminonociuna 63aemo0is 102icmuKku ma mpaHcnopmy. 3ano3uyeHus, niomina
nowsims i mparcgopmayis Oeghiniyiti. 3a pe3yibraraMu IociipkeHsb [1; 2; 6] Bcra-
HOBJICHO, 1[0 JIOTICTHKa (OPMY€E 3HAYHY YACTUHY CBOTO MOHSTIMHOTO arapary Iuis-
XOM MIKCHCTEMHOTO 3ano3udeHHs. Takuii MexaHi3M 3a0e31edye MIBUKE CTAHOBICHHS
JIOTICTUKU SIK cy4yacHOi cepH 3HaHb, OJHAK CYMPOBOKYETHCS HU3KOK HACIIIKIB:
BapiaTUBHICTIO JIe(iHIMiN, PO3MUTICTIO MEX MPEAMETHOT Tany3i, pO3IIUPEHHIM TepMi-
HOJIOTIYHOTO TI0JISl 38 PaXyHOK 1HIIUX HayK, MEPEHECEHHSM JIOTICTHYHOT TePMiHOJIOTI]
y chepu, e TpaauIitHO TOMIHYBaJIM BIIacHI KaTeropii (30Kpema, y TpaHCIIOpPT, BUPOO-
HUYI TEXHOJIOTIT Ta YIPaBJIIHChKI CUCTEMH), & TAKOXK TCHJICHIIIEIO 10 HITYYHOT «JIOTiC-
THU3AIT» YCTaTCHUX KaTeTrOpPii.

Y TpaHCHopTHIi#l cdepi 1 TCHICHIISI TPOSIBIIETHCS B TOMY, 1O TPAJAMIIAHI TEX-
HOJIOTIYHI MPOLIECH TPAHCIIOPTY, 30KpeMa BaHTaXOIEepepoOHi orepailii B moprax, Ha
TEpMiHajaxX 1 B TPAHCIOPTHO-CKJIAJICHKMX KOMIUIEKCAX, JACIall 4acTille TPaKTYIThCS
SIK «JIOTICTUYHI» BUKITFOYHO Yepe3 IXHIO y4acTh y MepeMillleHHI MaTepialbHUX MTOTOKIB.

BonHouac ciijr 3ayBakuTH 1 3BOPOTHHIA BEKTOP BIUIMBY, & caMe: YacTHHA MPECTaB-
HUKIB TPAHCIOPTHOI akajeMiyHOoi i Oi3HEC-CIUIBHOTH aKTHBHO 3arl03UYyOTh JIOTiC-
TUYHY JICKCHKY, 1HKOJH IIJIKOM OOTPYHTOBAaHO, MParHy4d OCYYacHHTH NpodeciiHy
MOBY, aJi¢ 1HKOJIM ¥ HEBHUIIPAB/IaHO, 3aCTOCOBYIOUH JIOTICTUYHI TEPMiHHU JIO MPOIIECIB,
10 HaJISKAaTh JI0 TEXHOJOTIYHOTO siJjpa TPAHCIIOPTHOTO BUPOOHMIITBA. Taka mpakTHKa
CTIpUSIE 3aKPITUICHHIO TICEB/IONOTICTHYHHX Ae(iHiIiil Yy HAyKOBOMY Ta OCBITHbOMY Cepe-
JIOBHIII, @ TAKOX Y TIOBCAKICHHIH JISUTBHOCTI MIAMIPUEMCTB TPAHCIIOPTHOT raty3i.

Taki migxoan irHOpyrTh cnenu(iky TpaHCIIOPTHOT MPOAYKILil, sIKa, HA BiIMIHY BiJI
NPOIYKIlii TPOMHUCIOBHX ITiATIPHEMCTB:

— HE Ma€ PEYOBHHHOI (OPMH;

— He MO)Ke HaKomuuyBaTucs il 306epiratucs;

— CIIOKUBAETHCS OJJHOUACHO 3 BUPOOHUIITBOM.

HexopekTHe nepeHeceHHs JIOTICTUYHUX TEPMIHIB y TPaHCIIOPTHY cdepy 6e3 ypaxy-
BaHHS HeMarepiajJbHOT MPUPOIU TPAHCIIOPTHOT MOCIYTH Ta TEXHOJIOTIYHOI CTPYKTYPH
TPAHCIIOPTHOIO BUPOOHUIITBA MPHU3BOIUTH J0 TEPMIHOJOTIYHHMX KOJI3ii, 3MiCTOBHX
MiJIMIH 1 METOJOJIOTIYHO HEKOPEKTHOI iHTepIpeTalii TeXHOIOTIYHUX MpoleciB. [rHO-
pPYBaHHS CYTHICHUX BJIACTHBOCTEH TPAHCIIOPTHOI MOCIYTH CTBOPIOE TEPEIYMOBHU JIJIsI
(hopMyBaHHsI TEPMiHIB, sIKi 30BHI BiJIITOBIIalOTh JIOTICTHYHIN JICKCHULII, ajie CylepedaTh
NPUPOJIi TPAHCTIOPTHHX TpolieciB. Lle 3yMOBITIO€E MOSIBY TaK 3BAHUX «IICEBIOJIOTICTHY-
HUX» Je]iHiLii, 1110 TOTPeOYIOTh MOJANBIION0 HAYKOBOTO OCMHUCIICHHS Ta KOPEKTHOTO
TEPMIHOJIOTIYHOTO PO3MEKYBAHHS.
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2. llosisa «ncesdonocicmuyHuxy mepminie y mpaHcnopmuiil cgepi: nepedymosu
ma pusuxy. PO3MUTICTh TMOHSTIHHOTO amapary JOTICTHKH, TpaHcdep ii TepmiHiB
y cyMixHI cepu Oe3 amanranii, a TaKoK TCHJICHIIS 10 TEPMIHOJIOTTYHOTO MIXTray3e-
BOTO PO3MIMPEHHS NPU3BOJISTH JI0 MOSIBU y TPAHCIIOPTHIN cdepi TePMiHiB, SIKi MICTSITh
JIOTICTHYHHUI KOMIIOHEHT, aji¢ BiJoOpaXkarOTh TEXHOJIOTIYHI MPOLECH BUPOOHUIITBA
TPAaHCHOPTHOI MOCTyTrH. TUIOBI MPHUKIIA/IN TAKUX CIIOBOCHONYYEHb: «JIOTiCTHYHI HABaH-
Ta)XXyBaJIbHO-PO3BAHTAXKYBAJIBHI ONEpalii B IOPTY»; «JIOTICTHYHI MPOIIECH BaHTaXKOIIe-
PEPOOKU»; «JIOTICTUYHA TEXHOJIOTIsI OYKCHPHOTO CYNPOBOJY CYJCH»; «JIOTICTHKA arcH-
TyBaHHs CyjieH» Toio. Hacmpasi Bei 11l IITYYHO «JIOTICTH30BaHI» MPOLIECH:

— BHUCTYINAaIOTh OCHOBHUMH 200 JTOTTIOMI>KHUMH €JIEMEHTaMH TEXHOJIOT1i TPaHCIOPT-
HOTO BUPOOHMIITBA;

— Oe3nocepenHbo (HOPMYIOTH HEMaTepialbHHH TMPOAYKT TPAHCIOPTY — TpaH-
CIIOPTHY TOCTYTY;

— € HEeBII'€MHOI0 YaCTHHOIO TPAHCIOPTHOTO, MEPEBI3HOTO Ta BaHTAXKOIEPEpOO-
HOT'O MPOIIECIB.

[Tompu 11e, Yepe3 30BHIIIHIO MOAIOHICTb 0 JOTICTHKH (HasIBHICTD €JIeMEHTa IIepeMi-
HICHHS YU CKJIQJIyBaHHS TOIIO) TaKi TEXHOJIOTIYHI Orepariii MTOMHIKOBO MO3HAYAIOThCS
SIK «JI0TiCTHYHI». [IepelyMOBH MOSIBU MOMIOHUX «IICEBIOJIOTICTUYHUXY TEPMIHIB MOJIS-
raroTh Y TAKOMY:

— MDKCHCTEMHE 3all03WYCHHS TEPMIHIB JIOTICTUKHU 0e3 amanTaiii A0 mpeaMeTHOL
ranysi TpaHCHOpTY;

— MeXaHIYHE MMEePCHECCHHS MPOMHUCIIOBUX JIOTICTUYHUX MojeieH y cdepy, ae npo-
IYKT HE € MaTepialbHNM;

— MapKeTHu3allis Ta MOMyJIsIpHU3allisi TepMiHa «IOTiCTHKa» SIK CUTHATypH 1HHOBa-
ifHOCTI;

— HemocrarHs AudepeHIiamis MiX TPAHCIOPTHOIO JIOTICTUKOI 1 TEXHOJIOTIEIO
TPAaHCIOPTHUX MPOLIECIB B OCBITI Ta JIiTeparypi.

Pusuku 3acTocyBaHHsI TICEBAOJIOTICTUYHUX JIeDIHIMIN MOSATAIOTh Y TOMY, 1110 BOHH
MIPU3BOASATH J0:

— pPO3MHBaHHS MEX TPaHCIIOPTHOT HAYKH ¥ MiZIMiHU 11 MOHATIIHOTO amapary;

— CIIOTBOPEHHSI 3MICTY TEXHOJIOTTYHHX MPOIECIB Ta IX HEKOPEKTHOT Kiacuikariii;

— TIOSIBM [ICEBJIOHAYKOBUX 1HTEPIIpETallill Y HABYAIbHUX Ta HAYKOBUX JDKEpelax;

— JIMCKpeAuTAllii JIOTICTUKH SIK HAyKOBOTO IHCTPYMEHTY YIIPaBJiHHS Marepiaib-
HUMH [TOTOKaMH Y JIAHIIIOTaX MOCTaYaHHs Ta NePETBOPEHHS 11 Ha JIEKOPATUBHUI TEPMiH.

3. Cneyugixa mpancnopmnozo 8upoOHUYmMea K OCHO8A MEPMIHONO02IUHO20 PO3-
mexcysannsi. TpaHCTIOPTHE MiIPUEMCTBO € BUPOOHUYHM, OJIHAK HOTO MPOAYKIIis Ma€e
MPUHIIMIIOBO 1HIITY PUPOJLY, HIXK IPOYKIIisl IPOMHUCIIOBHX TianpueMcTs. Lle 3ymoBiroe
HEOOXIHICTh 3aCTOCYBaHHS OKPEMHX IIAXOIB J0 TEPMIHOJIOTIT Ta Kiacu(ikallii mpo-
1IECIB, 30KpeMa JI0 PO3MEKYBaHHS TEXHOJIOTIYHMX 1 JIOTICTUYHHMX OIEpalliil y Mexax
TPaHCHOPTHOI JiSITBHOCTI.

KitrouoBi poiyKTOLEHTPUYHI 0COOIMBOCTI TPAHCIIOPTHOTO BUPOOHUIITBA!

— TIPOMYKIlisi TPAHCIIOPTY — Lie MOCIyra 3 nepemimieHHs BaHTtaxis'. TpaHcmopt
HE CTBOPIOE MarepialbHUX OJiar, a 3MiHIOE€ MPOCTOPOBO-YACOBI XapaKTEPUCTUKU BKE

! TNacaupChKuil TPAHCTIOPT MA€ iHIITY IPUPOIY CIOKUBAHHS MOCITYTH 1 He POPMYE JTOTICTHIHOT KaTeropu3arii

MaTepiallbHUX MOTOKIB, TOMY MacaKHPChKi MEPEBE3CHHS HE PO3IIANAIOTECA B MEKaX MPOAYKTOLEHTPHYHOTO MiAXOLy
10 Knacugikanii TpaHCTIOPTHHUX MPOIIECIB.
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BUPOOJICHOT POAYKIIiT (TOBapy), 3a0e3neuyrouH i mepeMilieHHs B IPOCTOPI i yaci Mixk
eJIeMEHTaMH BUPOOHMUY0-30yTOBOTO Cepe/loBHIIA Ta (GOpMYIOUN JOCTYITHICTh MPOITYK-
i1 TS CIIOXKUBAYa;

— BIJICYyTHICTh pedoBHHHOI (opMu. TpaHCIOPTHA MOCIyra HE Mae MarepiaibHOI
(dopmH, 11 HEMOXKIMBO HAKOIMYYBaTH YW 30epiratv y BHIVIsII eBHOTO 3aracy. [lics
3aBEPILICHHS TEPEBE3CHHS MOCIyra BHUEpIaHa, a/pke i1 BUPOOHHUIITBO 1 CTIOKHBAHHS
BiZIOyBaIOThCSl OIHOYACHO;

— HEBIUIUIbHICTH BUPOOHUIITBA Ta CIIOXKHUBaHHs. Ha BiMiHy BiJ TOBapiB MpOMHC-
JIOBOCTI, SIKi BUPOOJISFOTHCS 1 CIOKUBAIOTBCS Y Pi3HUI Yac, TpaHCIOPTHA MOCIyTa CIOo-
JKUBAETHCSI B MOMEHT 11 CTBOPEHHS;

— 3MiHa CTaTycy TOBapy. 3 MOMEHTY Ipen sSBICHHS TOBapy A0 TEPEeBE3CHHS BiH
MEPEXOIUTh y CTaTyC BaHTaXy — 00’€KTa Mmpali TPaHCIOPTY; MIcCIs JOCTaBKH 3HOBY
HaOyBae crarycy TOBapy Uil HACTYITHHX €TAalliB JAHIIOTra TI0CTaqyaHHsI.

BonHovac nponyKIii€ro TpaHCIIOPTY € He JIHIIE MOCIyTa epeBe3eHHs, a i INPOKUHt
CIIEKTp CYIYyTHIX Ta CIEIiali30BaHUX BUIIB JIISUTBHOCTI, 1[0 PEai3yIOThCS HA PUHKY
TPaHCIOPTHHX MOCIIYT, 30KpeMa:

— TIepeBE3CHHs Ta 00CIyTOBYBaHHS NACAXKHPIB, Oaraxy i MONITH;

— BaHTA)XHO-PO3BAaHTAXKYBAJIbHI Ta BAHTAXKHOIIEPEBAJIOYHI POOOTH;

— 30epiraHHs, CKJIaJyBaHHs Ta 00poOKa BaHTaXKiB;

— 00ciyroByBaHHs Ta 3a0e3eueHHs 0C3MEYHOT CTOSIHKH CY/ICH;

— TPaHCIOPTHO-EKCIEUTOPCHKI MOCIYTH;

— MHTHO-OpPOKEPCHKUH CYNpPOBiJ BAHTAXKIB 1 TPAHCIIOPTHHUX 3aCc00iB;

— (paxTyBaHHS, areHTyBaHHs, CIOPBEHEPCHKI TIOCIYTH Ta IHII BUAM JiSUTBHOCTI,
10 320e3MeuyI0Th BUKOHAHHSI 200 IMiITOTOBKY IEPEeBE3CHHS.

VYei 1i onepariii MarOTh HemMaTepiallbHy IPUPOLY, € PE3YIBTATOM JisITBHOCTI TpaH-
CTIIOPTHOTO IiIIPUEMCTBA Ta (OPMYIOTh PHHKOBY TPAHCIOPTHY IMOCIYTY, HE3aJIeKHO
BiJl TOTO, TTOB’13aHi BOHH 0€3M10CEepEeIHBO 3 EPEMIIIEHHSIM YU 31 CTBOPEHHSIM YMOB IS
HOTO 3A1HCHEHHS.

TakuM YWUHOM, TEXHOJOTIYHUMH JIJIsl TPAHCIOPTHOTO MiANPHEMCTBA € BCl MpO-
necH, 1o Oe3nocepeHpo 3a0e3MeuyIoTh CTBOPEHHS HOTO MPOAYKINT — TPAaHCIIOPTHOT
nocayru. JIo TEeXHONIOTIYHHUX MPOIIECIB HAIEKATH:

— BHUPOOHHIITBO TPAHCIIOPTHOT MOCIYTH (TPAHCIIOPTHUI TPOLIEC SIK BUPOOHUYHIA );

— BUKOHAHHS BaHTaKOINEPepOOHUX poOIT (HaBaHTa)KEHHs, PO3BaHTaKCHHSI, Iepe-
BaJIKa TOIIO);

— 3IIliCHEHHSl TIEPEeBI3HOTrO Mporecy (MepeMillleHHs BaHTa)Xy TPaHCIIOPTHUMH
3aco0amMn);

— CYNpOBiJIHI BUPOOHUYO-CEpBiCHI Jii (KpPIIJICHHS BaHTaXy, MUTHO-OPOKEPCHKI
POy PH, JOKyMEHTalIbHEe 0(OPMIICHHS, TPAHCIIOPTHO-EKCIIETUTOPCHKE 00CTYTOBY-
BaHHS BAHTAXKOIOTOKIB, arCHTYBAHHS CYJICH TOIIIO).

OTxe, Ti IpoOLIECH, SIKI y BAPOOHHMUIH JIOTICTHII KJIaCH(DIKYHOThCS K «JIOTICTHYHI OrTe-
patiii», y TpaHCIIOPTHOMY BUPOOHHUIITBI CTAHOBJISATH SIIPO TEXHOJIOTIT CTBOPSHHS TpaH-
CIIOPTHOI TIOCITYTH, a HE JIOTICTHYHUH eJIEMEHT YIPaBJIiHHS MaTepialbHIMH ITOTOKAMH.

TakuMm ynHOM, HEMaTepiajibHa MPUPOAA TPAHCIIOPTHOT MPOYKIIii, HEBIIIIBHICTD i
BUPOOHUIITBA BiJl CIIOKMBAHHS Ta 11 OpPIEHTOBAHICTh Ha CTBOPEHHS OCIYTH, a HE Mare-
plaJIbHOTO TOBapy BHM3HAUAIOTh, 1[0 TPAHCIIOPTHI MPOIECH MAIOTh KIIACH(iIKyBaTHCS
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BUKJIFOYHO SIK TEXHOJIOT1YHI, HaBiTh SIKIO BOHH CYIPOBO/DKYIOTH PYX MarepialbHUX
notokiB. Came 111 BIacTHBOCTI (POPMYIOTH METOJIOJIOTIYHE MiIPYHTSI JJIsi KOPEKTHOTO
PO3MEKYBaHHS TEPMiHIB «TEXHOJIOTIYHI» Ta «JIOTICTUYHI» MPOIeCcH / oreparii y TpaH-
CTIOpPTHIH cdepi.

4. Ilopienanrvua nozika GUPOOHUYOI N02ICMUKU MA MPAHCNOPMHO20 NPOYECy:
Kpumepii. mepmiHon02iuno20 posmedicyéanis. Jlorika TPaHCIOPTHOTO BUPOOHHUIITBA
00’€KTUBHO BHM3HAYAE TEXHOJIOTIYHHMH XapakTep MpOIeciB MEePEeMIillICHHS, MePeBaIKN
Ta CYHpOBOJY MEPEBE3€Hb, Kl y CUCTEMI MPOMHUCIIOBOI JIOTICTUKH TPAJUIIIHO BBa-
JKAFOThCS JoricThaHUMH. Lle minkpecioe HeoOXiMHICTh (OpPMYBaHHS TEPMIHOJIOTIY-
HOi MOJIeNT, 0 KOPEKTHO BiJ0Opaskae MpHUpOAy TPAHCIOPTHOI JisUILHOCTI Ta ycyBae
PHU3UKHU TICEBIOJIOTICTUYHUX 1HTEPIPETAIIiH.

4.1. Jlocixka eupobnuuoi nocicmuxu. 3 MO3UIIT TPAAUIIIHHOT JIOTICTHYHOT KOHIIETIIIT,
OpIEHTOBAHOI Ha JIISUTBHICTh TPOMHUCIOBUX 1 TOPTOBENBHUX ITiIPUEMCTB, JIOTICTHKA
JIOCITIJDKY€E TPOLIECH HACKPI3HOTO YIIPABIIHHS MaTepiaibHUM MOTOKOM — BiJl 3aKyIiBIIi
CUPOBUHH JI0 JIOBEJICHHSI FOTOBOT MPOYKIIIT IO KiHIIEBOTO CIIOXKHBa4a. Y MeKax i€l
napajiurMu:

— TEXHOJIOTIYHI MPOoIeCcH/omnepariiin — 1e MiIeCIpsIMOBaHi Jii, pe3yJbTaToM SKHX
€ BUPOOHHIITBO MaTepialibHUX Ojar, TOOTO sIKiCHE TEepPEeTBOPEHHS TMPEIMETIB Ipaili
(cupoBuHH, HariBhaOpHUKATIB) HA TOTOBHI MaTepialbHUI MPOIYKT (TOBAp);

— IOTICTUYHI MpoLecu/onepariii» — 1e BCl IHII HiJIecupsMOBaHi Jiii, 1o 3ade3rne-
YYIOTh HasiBHICTh TOTOBOTO MaTepiajibHOTO MPOAYKTY Y MOTPIOHOMY MicIli, Y TOTPiOHUIA
yac, y IOTpiOHIl KIIBKOCTI Ta SKOCTI (MaKyBaHHS, CKJIQyBaHHs, HABAaHTaXCHH:I, Tiepe-
BE3CHHS, PO3BAHTAXKEHHS TOIIIO).

MarepianbHa TpUpoJa MPOMYKIii MPOMHCIOBUX MiANPUEMCTB BHU3HAYAE MOXKIIHU-
BICTh 1 JOIIBHICTh MOJIIY MPOIIECIB HAa TEXHOJOTIYHI Ta JIOTICTUYHI, OCKUIBKH Mare-
plaibHUN TPOIYKT:

— MAa€ peYyOBHHHY (OPMY;

— MO)KE HaKOITMIyBaTHCs Ta 30epiraTucs;

— HE CIIOKMBAETHCSI B MOMEHT BUPOOHUIITBA.

st TpaHCHOPTY Taka JIOTiKa € HeNpPUIaTHOI0, OCKUTBKH TPAHCIOPT HE CTBOPIOE
MarepiaJbHOTO MPOAYKTY, a (OpMy€e HeMarepialbHy TPAHCIOPTHY IMOCIYTY, SKa 3Mi-
HIOE TIPOCTOPOBO-YACOBI XapaKTEPUCTHKH BAHTAXXy Ta CTBOPIOE JIOJ]AHy BapTiCTh
y pe3yJIbTaTi KOMIUIEKCY TEXHOJIOTTYHHUX MPOIIECIB 1 Onepalrii, 1o 3a0e3nedyoTh Horo
MepeMIleHHs (BKJIFOYHO 3 IIEPEBAJIKOI0, 00POOKOI0, M01auet0, MAaHEBPOBUMH OIIepalli-
SIMH, 3a0€3TEUCHHSIM OC3MeKH Ta IHIIMMU CYNPOBIIHUME Jisimu). ToMy mporecH, sKi
B TIPOMUCIIOBI/ JIOTICTHII KJIACH(IKYIOThCS SIK «JIOTICTHYHI», Y TPAHCIIOPTI 32 CBOEIO
CYTHICTIO € TeXHOJOTTYHHMH, OCKIILKH BXOJISITH JI0 BUPOOHUYOTO s/[pa TPAHCIOPTHOT
JUSUTBHOCTI.

4.2. Jlocixa mpancnopmnoz2o npoyecy y KOHMeEKCMi MexHiKO-MexXHON0IUHUX
cucmem. Y TPaHCIOPTHOMY BUPOOHUIITBI MPOIECH MEPEMIIICHHS, TIEPEBAIIKU CKCIIe-
JMPYBaHHSI, MUTHOTO O()OPMIICHHSI, areHTYBaHHs, OyKCUPYBaHHS Ta iHIII OB’ sI3aHi il
€ TEeXHOJIOTIYHUMH, OCKUIBKH CTBOPIOIOTH MPOAYKIIO TPAaHCIIOPTY — HeMaTepiabHy
nocyry. Byab-sikuii mporiec cTBOpeHHs MPOAYKIIii (MarepianbHOl YM HeMaTepiaibHOI),
SK BiIOMO, € TexHonoriuauM. OTxe, Ti cami orepariii, sSiki y BUpOOHUUIN JOTiCTHIN
HaJIe)KaTh JIO0 JIOTICTHYHHX, Y TPAHCIOPTI MArOTh TEXHOJIOTIYHY MPHPOAY, OCKLUIBKH
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3a0e3neuyoTh (opMyBaHHS KIHIIEBOTO TPOAYKTY TPAHCIIOPTHOTO MiANPHEMCTBA —
TPAHCIIOPTHOI IOCIYTH.

BaskiuBuii METOI0IOTIUHMEN aKIIeHT. Sk oBeieHo y pobori [3, ¢. 64—65], BuMorw,
SIKi Cy4acHa JIOTiCTHKa (POPMYITIOE SIK «IPaBHIO 7R»?, y TpaHCIOPTHO-TEXHOIOTTYHUX
CUCTEMaxX BUKOHYBAJIUCS 3aJ0BIO /10 BUHUKHEHHS JIOTICTHKH. Ixne misHime nepeime-
HYBaHHS Ha «IOTICTUYHHMNA MIKC» HE 3MIHIOE TOrO (hakTy, IO 3a CYTHICTIO BOHHU OyJin
eJIEMEHTaMH TEXHOJIOTIYHOI OpraHi3ailii TpaHCIOPTHOTO MPOIIECy, a He JOTiCTUYHUMH
KputepisiMu. ToMy BiAMOBITHICTE «TipaBUITy 7R» He € 03HAKOIO JIOTICTHYHOCT] CUCTEMH
1 He TIepETBOPIOE TEXHOJIOTTUHHI NPOIIEC Ha JOTiCTHYHHH.

JJ1st TpaHCTIOPTHOTO MiIPUEMCTBA 0a30Ba CTPYKTYpa TPAHCTIOPTHOTO MPOIIeCy Ma€e
TaKUU BUTJISLI;

dopMyBaHHsI BAHTAK0NOTOKY — TpaHcnmopTHHIA pouec (110 BKJIIOYAE: MPOLeC
NepeBaJIKM BAHTAXKIB Yy MYHKTI BiANpaBJIeHHsI; epeBi3HMII Npolec; Mpouec nepe-
BAJIKH BaHTaXKiB y MYHKTi Npu3HaveHHs1) — /[oBeIeHHsI BAHTAKY /10 OllepKyBada

VY wiif orini TpaHCOPTHUH MpoOILeC — L€ OCHOBHUI BUPOOHWYMH TEXHOJIOTTUHUH
npotiec, akui oxorutoe [9, c. 106]:

a) TEXHOJIOT1YHI MpOolecH/omneparii HepeBaiky BAaHTaXIB® y MyHKTax BiIpaBICHHS
Ta MpPU3HAYCHHS (HABaHTA)KCHHS, PO3BAHTAKCHHS, YKIJIAJaHHs, KPIIUICHHS, CKIaay-
BaHHSI TOIIO), SIKi € EJIEMEHTaMH TEXHOJIOT1i, 0€3 SIKUX NepeBe3CHHsI HEMOKIINBE;

0) TEeXHOJIOTIYHI MpolecH / oreparlii mepeBe3eHHsT — 0e3M0CepeIHE TePEeMillleHHS
BaHTaXYy Yy 4aci i mpocTopi;

B) CYNpOBIiJHI BHIM IisSTIBHOCTI (€KCIIEAMPYBAaHHS, MUTHO-OPOKEPCHKHI CyIpo-
BiJl, areHTYBaHHA CYJIeH, OpraHi3alisi «0CTaHHBOI MUJII» TOIIO), SIKI TAKOXK 3a0e31e-
YyI0Th BUPOOHHIITBO TIOCIYTH Ta € TEXHOJIOTIYHO HEBiJl’€EMHUMH BiJ TPAHCIIOPTHOTO
Ipo1iecy.

TakuM 4MHOM, y TPAaHCHIOPTHOMY BUPOOHHIITBI MaTepialbHUI MPOLYKT HE CTBOPIO-
erbest. [IpogykTom BUCTyae HemMaTepiaibHa MOCIyTa MepeMileHHs, 10 CIIOKHUBAETHCS
OZIHOYACHO 3 i BUpoOHHLTBOM. Lle BU3HAYa€ TEXHONOTIYHMH CTATyC MPOLECIB TpaH-
CTHIOPTYBaHHS, BAaHTAXXOIEPEPOOKH, EKCIIEAUPYBAaHHsI Ta CYIPOBOLY NepeBe3eHb. Tex-
HOJIOTTYHMI XapaKTep UX MPOLECiB 3yMOBICHUH HE iIXHBOIO HA3BOIO YU (POPMAILHOIO
($yHKII€IO0, @ THM, 1110 CaMe BOHH CTBOPIOIOTH KiHLEBHH pe3yJbTaT TisUIBHOCTI TpaH-
CHOPTHOTO MiANPHUEMCTBA — TPAHCTIOPTHY MOCIIYTY.

4.3. Kpumepii po3medicy8ants mexHoN02IYHUX 1 JI0CICMUYHUX NpOoYecie y mpam-
cnopmi. TepMiHONOTiIYHE PO3MEXKYBaHHS JIOTICTUYHUX 1 TEXHOJOTIYHHMX MPOLECiB
y TPaHCIIOPTHIH cdepi IpyHTyeThCs Ha crienuilli TpaHCTIOPTHOT NPOAYKLIT Ta (yHKIII-
OHAJIBbHIN POJIi TPAHCIIOPTY Y CYCHIIBHOMY BUPOOHHIITBI.

Ha BinmiHy Bix mpOMHCIOBOTO HiANPHUEMCTBA, SIKE CTBOPIOE MarepiajlbHUN MPO-
IOYKT, TPaHCHOPT BHPOOJsie HeMarepiajbHy TPAaHCHOPTHY IMOCIYTY, IO XapaKTepH-
3y€ThCSl TAKUMH BIACTHBOCTSAMH, SIK: BiACYTHICTh PEUOBHHHOI ()OPMHU; HEMOXKIIUBICTD

2 JlorictuuHuii mikc, abo mpaBmio «Cemu R» dopmymroeThest Tak: «3abe3nedeHHs] HAassBHOCTI HEOOXiIHOTO

TOBapy B HEOOXIJHill KUTBKOCTI Ta 3a1aHOI AKOCTI B MOTPIOHOMY MiCIli, y BCTAHOBJICHHH Yac, Uil KOHKPETHOTO CITOXKH-
BAua, 3 HAHMEHIINMH BUTPATAMI».

3 TexXHOJNOTIYHHMI MPOLEC MEPEBAIKH BaHTaXy (BaHTAXKOIEPEBAIKN) — CKJIAIHUI TEXHOIOTIYHHI KOMIUIEKC, 1110
BKJIIOYA€ POOOYi MPOIECH MEPEBAHTAKEHHS, 30KpEMa HABAHTAXKCHHS Ta PO3BAHTAXKCHHS BAaHTAXY, a TAKOXK OB’ sI3aHi
3 HUMH JIOZIaTKOBI ¥ JIONOMDXKHI onepaii, ki 301HCHIOIOTBCS 3 BAHTAXKEM, TPAHCIIOPTHUMH 3aC00aMH Ta IIEPEBAHTANKY-
BaJbHUMH PECYPCaMU MOPTY J0 MOYATKY, ITijl 4ac Ta Iicis 3aBEePIICHHs BAHTAKHUX POOIT.
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HAKOTIMYCHHS YU 30epiranHs; OHOYACHICTh BUPOOHMIITBA i criokuBaHHS. Came ToMy
JUISL TPAHCTIOPTHOTO MiATIPUEMCTBA BCi MTPOIIECH, SIKi 3a0€31MeUyI0Th IIePEeMIIIeHHS BaH-
TaXy y IpOCTOpi Ta 4Yaci, a TaKoXK omepalii BaHTa)KONepepoOKH, eKCIeIUpyBaHHS,
MHUTHOTO O()OPMJICHHS, areHTYBaHHs, OyKCUpYBaHHs Ta 1HII BUPOOHWYO-CEpBiCHI Aii
MaroTh TEXHOJOT1UHY MPHPOAY, OCKITBKH (DOPMYIOTh MPOAYKIIiI0 TPAHCIIOPTHOTO M-
NPUEMCTBA — TPAHCIIOPTHY TOCIyTy. s cy0’eKTiB pHHKY TPaHCIOPTHUX MOCTYT i
Iii He € «JIoTiCTHYHIUMKY» (y PO3YMiHHI MMPOMHUCIIOBOI JIOTICTHKH), & CTAHOBIATH SIPO
TPAHCHOPTHOT'O BUPOOHUIITBA.

Bonnouac y Mexkax TpaHCIIOPTHOTO MiANPHEMCTBA TAKOXK ICHYIOTb JIOTICTHYHI MPO-
LeCH, aje BOHM BHUKOHYIOTH 3a0e3nedyBajibHy (YHKLIIO, a HEe (OPMYIOTb OCHOBHY
nociyry. Taki mpolecu OXOILIIOITh: 3a0e3neyeHHs najnBoM, marepiasamu ta 3lI1;
PEMOHTHI pecypcH i IHCTpyMEHTH; JOKyMEHTallilHI Ta iHpopMaIliiiHi MOTOKH; BHY-
TpilmHe cKiIaackke 3abe3neueHHs. Lle cdepa BHYTpITHLOBHPOOHUYOT JIOTICTUKA TPaH-
CIIOPTHOTO HiANPHUEMCTBA, SIKa MIATPUMY€E TEXHOJOTIYHHN MpOLEC, ajieé He BU3HA4Yae
HOro 3MiCTy Ta HE CTBOPIOE TPAHCIIOPTHY MOCIYTY.

Pucynok 1 inroctpye J0TiKy BHHUKHEHHSI 200 BTPaTH JIOTiICTHYHOTO CTarycy Ipo-
IeCiB JOCTABKH 3aJIe)KHO Bifl Cy0’€KTa yIpaBIiHHSA TOTOKOM.

[Ipomecn mepeMimieHHsT TOBapy Ta JOBEICHHS HOTO IO CIIOKHMBa4da 30epiraroTh
JIOTICTHYHUI XapaKTep JIUIIE TOJ1, KOJIH IiAIPHEMCTBO-BUPOOHUK 3/11HCHIOE HACKPI3HE
yIpaBIiHHS MaTepiaJbHUM MOTOKOM, KOHTPOJIIOIOUYM BUPOOHHUIITBO, CKJIayBaHHsI, Bi/-
BaHTAXKEHHS Ta JOCTABKY BIACHOTO TOBapy (puc. 1).

SIKII0 K yNIpaBIiHHS MPOIECaMU TIePEBE3CHHS, MEPEBANIKU, SKCIICANPYBAHHS, MHT-
HOTO OopMIICHHS a00 CyIpoOBOMY MEPEAAHO HIINM Cy0’€KTaM PUHKY TPAaHCITOPTHUX
MOCITYT, TOi:

— a7 BUPOOHMKA TaKi MPOLECH 3aJMIIAIOTHCS JIOTICTUYHUMHU JIMILE 3 MO3MMLIi iX
LIBOBOTO MPU3HAYCHHS (I0CTaBKa BIACHOTO TOBApY), ajle BiH YK€ HE Kepy€ MOTOKOM;

— JUIS TPAHCIIOPTHOTO MIANMPUEMCTBA IIi CaMi MPOLIECH MAIOTh TEXHOJIOTTUHUH cTa-
TyC, OCKUIBKH caMe BOHO KEePY€ BaHTAKOIMOTOKOM 1 BUPOOIISiE TPAHCIIOPTHY TTOCITYTY.

TakuM UMHOM, ITi/1 YaC BU3HAUEHHS JIOTICTUYHOI'O CTaTyCy IPOLECiB JOCTaBKH BU3HA-
YaJbHUM € He BUJI Jii (IepeBe3eHHs, MepeBalKa, CKCICAUPYBaHHS TOLIO), a CyO €KT
yIpaBIliHHS [TOTOKOM Ta XapaKTep CTBOPIOBaHOI MPOMYKIii: MarepianbHoi (ToBap) 4u
HemarepiajibHO (1ociyra).

OTxe, y Tporeci JOBEASHHS MPOAYKINi O CIIOKMBa4da 3MIHIOETHCS SIK CTaTycC
MarepiasbHOTO 00’€KTa, TaK i Cy0’ €KT, BIAMOBINAIBHUN 3a YIpaBliHHSA HUM (puc. 2):
TOBap — BAaHTaX — BaHTAKOINOTIK — TPAHCIIOPTHA MOCIYTa.

Ha erani BupoOHHMUTBa 1e ToBap, 0 nepeOyBae MijJ JOTICTHYHUM YIIpaBiliH-
HsiM BupoOHUKa. [Ticist mepenadi nmepeBi3HUKY BiH HaOyBae CTaTycy BaHTaxy, TOOTO
00’exTa mpaili TpaHCHOPTHOI cepH, i BTpadae JOTICTUYHHHN CTATyC Y 3MICTOBOMY
3HAUCHHI YINPaBIiHHSA MOTOKaMH. Y TIpoIeci MEepeMIleHHs] BaHTaX icHye y dopmi
BAaHTa)XOIOTOKY, 1110 CIIBICHY€ 3 TPAHCIIOPTHUM IHOTOKOM (HAaPUKJIAA, TOHHAKOIIOTO-
KoM). Pe3ynbraTom B3aeMoii [UX MOTOKIB € TPAHCIOPTHA MOCIyTra — HeMaTepialbHUN
MPOIYKT, SIKHI CTBOPIOETHCS Ta CIIOKUBAETHCS OJHOUACHO 3 BUKOHAHHSM TEXHOJIOT14-
HOTO TIPOIIECY.

MowmeHT nepeaadi ToBapy MepeBi3HUKY € TOIKOIO TIEPEXOTY Bifl JJOTICTUIHOTO yIIPaB-
JIHHSA 10 TEXHOJOTTYHOIO MPOLECy TPAHCIOPTY.
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Hackpi3He ynpaB/iiHHS MaTepiaJbHUM MOTOKOM Ha eTami i0ro 10CTaBKH 3/1ilicHIOE
NPOMHCJI0BE MiANPHEMCTBO — BUPOOHHMK MaTepiaibHOI0 MPOAYKTY

TAK HI/YYACTKOBO

ﬁﬂﬂ BHPOOHHYOTO HMHPHCMCTBN /A) A O LU L “PO“"N

IIPOLIEC AOCTABKH HOTO TOBapy aocrapky 3anumaersess JJOIICTHYHUM numre

¢ JOTICTUYHUM 32 HIJIbOBMM NMPH3HAYEHHSIM, ajle BTPavae
3a NJILOBOIO CIIPSIMOBAHICTIO Ta JOTICTUYHHUIA CTaTyC 32 3MiCTOM, OCKIJIbKH
3a 3micToMm, YHpPaBJIiHHS NOTOKOM IepeaHo iHIINUM
OCKITBKHU MiATPHEMCTBO 3[1HCHIOE CaMOCTIiHUM cy0’€KTaM PHHKY
HACKpi3He yNnpaBJIiHHs TPAHCIOPTHHUX MOCJYT.

MaTepiaJbHUM MOTOKOM BiJ] MicCIIst

BUPOOHHIITBA 110 MICIIs CIIO)KHBAHHSL.
V [bOMY BHIIAJKY IPOLECH: Juuie 3a Menorw 00CMABKL, dne He 3a 3Micmom

Ilpumimka: Jlocicmuunicms mym 3a1umacmocs

MEPEeMIIIICHHS TOBapy; IUIAHYBaHHS Ta YNPA6iHHA

yﬂpaBJ’[iHHﬂ 3aracaMu; CKJIayBaHHS Ta
PO3MOALIEHHS; 3a0€3NeYeHHS
JIOBCICHHA TOBApy A0 CIIOKHBada
nHaoysaiors JOI'ICTUYHOI'O

CTaTycy, TOMY 1[0 BUPOOHUK Kepye B) lis1 TpaHcnopTHOrO MiANPHEMCTBA Mpolec
caMe pyXoM BJIACHOI0 MaTepiaibHOro J0CTABKH (BK/IIOYAKYH [1EPEBE3CHHS,
NPOYKTY. nepeBaliKy, eKCIeAUPyBaHHsl, areHTYBaHH,
Ipumimka: Jlocicmuunuii cmamyc MUTHHUH CYIPOBIJ] TOIIO)
npoyecie A0CmMasKu GUHUKAE Juule 3d ¢ TEXHOJIOI'TYHHUM 3a cyTHIiCTIO, OCKITbKH
YMOBU HACKPI3HO20 YNPABIIHHS 3a0e3neuye BUPOOHULITBO HeMaTePiaIbHOI
MamepianbHuM ROMOKOM 6UPOOHUKOM. NMPOAYKIii — TPAHCIIOPTHOI MOCITYTH.
Y pasi nepeoaui ynpasninna cmoponnin
MPAHCOPMHUM ONnepamopam npoyec € Ipumimxa: Leii npoyec nepecmae 6ymu
nozicmuynum ma cmae TEXHOJIOTTYHHUM,

JOICMUYHUM JuuLe 34 YilbOBOH : A
. . OCKINbKU CIMEOPIOE NPOOYKYIIO0 MPAHCNOPILY.
CNPAMOGAHICMIO, aJle He 30 3MICIOM.

Bucnosok. Ooun i moii camuii npoyec moxce oymu JIOTICTUYHUM 3a memoio Ons
supoodnuka, are TEXHOJIOTTYHUM 3a cymuicmio 0N Mpancnopmuozo NiOnpuUEMcmed, siKe
CMBOPIOE NOCY2Y.

Taxkum uuHOM, MEPMIHOIOLIYHUL CIMAMYC NPOYecié OOCMABKY GUSHAYAEMbCS He GUOOM Oil,
a cy6’ekmom YnpaeniHHs NOMOKOM ma 6UOOM CMBOPIOBAHOI NPOOYKYIL (Mamepianbrull moeap i
HeMamepianibua nociyea).

Puc. 1. Konyenmyanona mooens yMog 102iCIuyH020 cmamycy npoyecie 00CmagKu

TakuM YMHOM, JIOTICTHYHHH a00 TEXHOJOTTUHUHN XapaKTep MPOIECY BU3HAYAETHCS
HE HOro HallMEHYBaHHSIM, a:

— Cy0’€KTOM yIpaBIIiHHS MarepiaibHUM TOTOKOM,

— BUJIOM MPOAYKIII — MaTepialibHUi MPOAYKT YK HEMarepialibHa TPaHCIOPTHA
MoCIyra.

Jlyis BUpOOHUKA JOCTaBKa Ma€ JIOTICTHYHHUE 3MICT JIMIIE B ACHEKTI METH — JIOBE-
JICHHS TOBApY JIO CIIOYKMBaya.

JJist TpaHCTIOPTHOTO MIAMPUEMCTBA [IEH MPOIEC € TEXHOIOTIYHUM, 00 popMye Horo
MPOJYKIIifO — TPAHCIIOPTHY TOCIIYTY.

57



PO3BUTOK TPAHCIIOPTY

Ne 4(27), 2025
( ) ( ) f h f TpancnopTHa
Tosap Banrax > BanTaxkonoTik >
nocayra
N\ J . J _ Y, L )
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Ilpumimka: Tosap cmae eammaogicem nuwe 6 MomeHm nepeoaui nepesiznuxy. Came 3 Yb020 MOMeHMY

6MpauAEMyCca YNPAGNiHHA MAMEPIAIbHUM NOMOKOM GUPOOHUKOM | 6UHUKAE KEPY6AHHA 6AHMAICONOMOKOM
MPAHCROPMHUM RIONPUEMCIBOM, WO NEPEMBOPIOE NPOYEC HA MEXHONO0ZINHUH, a He JI02ICIUYHU.

J

Puc. 2. Tpancopmayis mamepianvroeo npooykny 8 00 €km mpancnopmy8amnis
i pe3ynbmam mpaHcnopmmuoi OisiibHOCmI

Jlorictuka icHye TaM, ne BUpOOHHWYE abO TOProBeJbHE MiAMPHUEMCTBO 30epirae
HACKpi3HE YIPaBIiHHS MaTepiaJbHUM ITOTOKOM.

TpaHCITOPTHI TEXHOJOTII BHHHKAIOTH TaM, J€ 3MIHCHIOETHCS BHPOOHHUIITBO TpaH-
CIIOPTHOI TIOCITYTH, HE3AIEKHO BiJl TOTO, MOB’s3aHa BOHA 3 MEPEMIIICHHSM, TIepeBall-
KO0, KCIIEIMPYBaHHSIM, MUTHUM CYTIPOBOJIOM TOIIIO.

BiamosinHi kpuTepii BimoOpaskeHo B Taom. 1.

VY cTpyKTypi €KOHOMIYHOI MisTIBHOCTI Ta B 3aBEPIICHHI CYCHUIFHOTO BUPOOHUIITBA
TPaHCIIOPT BUKOHYE CTIeIU(iuHy (DyHKIIOHATBHY POJb — 3a0€311euy€ MPOCTOPOBO-YaCOBY
TpaHc(hOpMAaIIit0 TOBapy, CTBOPIOIOYH JO/IaHy BapTiCTh Yepe3 3MiHy MICIIS Ta 4acy WOro
noctyrHOocTi. Came 118 BIIacTHBICTh BU3HAYAE YHIKAIBHICTH TPAHCIIOPTY SIK TalTy3i, IO He
CTBOPIOE MaTepiallbHUI IPOAYKT, a GOopMy€e HEMaTepiaabHy TPAHCIOPTHY TOCIYTY.

OTXe, TPaHCTIOPT BUKOHYE HU3KY COIIaJbHO-eKOHOMIYHHUX (DYHKITIH:

— 3a0esredye IpoIOBKEHHS] BUPOOHUYOTO MPOLIECy 1032 MEeKaMH ITiIPUEMCTBA-
BAPOOHHKA Yepe3 MepeMilleHHsT HOro MPOAYKIii Ta BUKOHAHHS CYNPOBIIHUX BHPOO-
HUY0-CEPBICHUX ii;

— (opMye HOBI ITPOCTOPOBO-YACOBI BIIACTUBOCTI MPOYKIIii, 110 epedyBae y ¢opmi
BaHTAXY;

— CTBOPIOE JIOJIaHy BapTICTh Yepe3 3MiHy MICIII Ta 9acy TOCTYIHOCTI TOBapy;

— 3a0esredye 3aBepIICHAS BUPOOHUYOTO IUKITY MUITXOM MEepPEeMIleHHs TPOIyKITii
B IIPOCTOPIi Ta Yaci Ta BUKOHAHHS CYNPOBIAHUX TEXHOIOTIYHUX OTIEepaIlii.

[TinmpreMcTBO-BUPOOHUK MOXKE 30epiraTé eKOHOMIYHHH abo iH(opMamiiHui
KOHTPOJIb HaJl TOBapoM (tracking, monitoring), oqHaK Takuii KOHTPOJb HE € YIIPaBIiH-
HSIM MaTepiallbHUM IIOTOKOM 3a 3MicToM. OTiXe, BiH He BU3HAYA€ JIOTICTUYHUHN CTaTyc
MIPOTIECIB.

TakuM YHHOM, JIOTICTUYHE YIPaBIiHHS MaTepialbHUM IIOTOKOM 3aBEpPIIYETHCS
B MOMEHT, KOJU CyO’€KT BTpada€ MOJIMBICTH 3/iiICHIOBATH HACKpi3HE YIPaBIiHHSI
MarepiaibHUM MOTOKOM. [Toasbuii pyX MOTOKY BiIOYBA€THCS B MEXKaX TPAHCIIOPTHUX
TEXHOJIOTIH, Pe3yIbTaTOM SIKUX € HeMarepialbHUIl MPOMYKT — TPAHCIOPTHA MOCIYTA.
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Tabmuus 1

Kpurepii po3mexkyBaHHA TeXHOJIOTIYHUX i JIOTICTUYHUX MPOLeCiB y TPaHCIOPTi

Kpurepii

Y npomucJiosiii
JoricTuni

Y TpaHcnopTHOMY BUPOOHHMITBI

Bun npoxyxkii

MarepiambHHIA TPOTYKT
(ToBap, cupoBHHA, HAITIiB-
(habpukar)

HemarepiasibHa MpoyKilisi — TPAaHCIIOPTHA
nociyra (IepeBe3eHHs, IepeBaka, eKCIean-
pYBaHHS1, MUTHO-OpOKepChKe 0(OPMIICHHS,
areHTyBaHHsI, OyKCHPYBaHHsI TOIIO)

MosknnBa: ToBap MOKHa

HemoxnuBa: mociayry He MOYKHa HAKOITUYUTH

POJIb JIOTICTHKH

JUKEepelta MOXOIKEHHS
JI0 CTIOXKHMBaya 32 YMOBHU
HACKPi3HOTO YIPaBITiHHS
MaTepiabHIM OTOKOM

MOXKIHBICTE . . . ? .
HAKOIMICHHS 30epiraty, ckiiaayBard, |abo 30epiraru; BOHA ICHYE JIMIIC ITiJ] Yyac
(hopMyBaTH 3amacu BUKOHAHHS TEXHOJIOTIYHOTO MPOLIECY
Oprani3oBye Ta 3a0e3- 3abesmeuye pecypcHe Ta iHpopMariiiHe
nevye pyx mMarepiajib- 3a0€e3MeueHHs] TEXHOJIOTIi BUPOOHHUIITBA TPaH-
: HOTO TPOAYKTY Bi crioptroi nociyru (IIMM, 3111, marepianu
DyHKIIOHATbHA POLYKTY Bl P yru ( , 3111, piai,

JIOKyMEHTOOOIT, iH(OopMallis); JIOTicTHKA

€ BHYTpINIHIM 3a0€31eUeHHsIM TPAaHCIOPT-
HOT'O BUPOOHHIITBA, a HE CIIOCOOOM HaJlaHHS
MIOCIIYTH

Jlorictnuna QyHKILis

TexHonoriyHe sIpo TPaHCIIOPTHOTO BUPOO-

3araciB MaTepiaabHOT
MPOAYKIIii (TOBapiB)

Craryc JIAHITIOTa TOCTauyaHHs HUIITBA — TPAHCIIOPTYBAHHS Ta CYNPOBI/HI
TPAHCIIOPTYBAaHHs | (32 YMOBH yNPaBIiHHS CEPBICH € MTPOIIECaMH CTBOPEHHS MOCJIYIH,
TTOTOKOM BUPOOHHKOM) | a HE JIOTICTHYHUMH OTIePaIlisIMU
Crpareriynnii enemenT | CKIIaqy€eThCs JIUIIE BAHTAX SIK 00 €KT
iry: MyBaHHS TpaHCII BAHHS; TIOCITyTra HE MOXe OyTH
CriamyBanms o0iry: popmy paHCIIOpTY ; TIOCITyTa HE MOXKeE Oy

CKJIaJI0OBAaHA, OCKIJTBKH BHPOOISIETHCS 1 CITO-
JKABACTHCS OJHOYACHO

KiHnesa miHHiCTh

HoBunit MarepiansHuii
MIPOAYKT (TOBAp), 10
MOXe OyTH 00’ €KTOM
BJIACHOCTI Ta 30epiraHas

3MiHa ITPOCTOPOBO-YACOBUX BIACTUBOCTEH
BaHTAXY K PE3yJIbTaT TEXHOJIOTIYHOTO
IpoLecy TPAHCIIOPTY (CTBOPEHHS JT0AaHOT
BapTOCTI Yepe3 mepeMinieHHs abo cepBic)

Cy0’exT
ynpasJiiHHS
NMOTOKOM

BupoOHuk abo topro-
BEJIbHE MIATIPUEMCTBO
YIPaBJIsi€ TOBAPOM

i MOTOKOM, SIKIIIO
3a0e3reueHo HaCKpi3He
yIpaBJIiHHS

VIIpaBIiHHS IEPEXOAUTD 10 TPAHCIIOPTHHX
oreparopis (IEPEeBiI3HUKIB, EKCIICTUTOPIB,
MOPTOBUX OIEPaTOPIB TOIIO); IIPOLECH HAOY-
BAaIOTh TEXHOJIOTIYHOI CYTHOCTI, OCKUIBKU
3a0e31e4y0Th BAPOOHHLTBO MOCIYTH

VY 1bOMYy KOHTEKCTI JIOTICTHKA Ji€ JIUIIE 0T, IOKH Cy0 €KT 30epirae peanbHUI BIUTUB
Ha MarepiajbHUH MOTIK, TOAI SIK MICJIS Mepeadi IIbOTO YIPaBIiHHS TPAHCTIOPTHUM OTle-
paropam npolecu HadyBarOTh TEXHOJIOTTYHOTO CTaTyCy.

Amnaniz mixknapoaaux gokyMmenTis (ISO, UNECE, UNCTAD, IMO) takox minTBep-
JDKY€ 4iTKE PO3MEXKYBaHHS JIOTICTUYHUX 1 TEXHOJIOTIYHUX TpoweciB (Tadi. 2), mo yHe-
MOXITUBIIIOE€ BUKOPUCTAHHS IITYYHUX 1 TICEBAOHAYKOBUX CJIOBOGOPM, AKi MiAMIHSIIOTH
TEXHOJIOTIYHY MPUPOAY TPAHCHOPTHOI AISTLHOCTI.

5. Memooonoziuni npunyunu mepminon02iuHo20 POIMENCYBAHHS «MEXHOLOTUHUXY
i «nocicmuunuxy npoyecie/onepayiti y mpancnopmrii eauysi. 3 OISy Ha BUKIaJeHE
JIOLITFHO CPOPMYBATH CHCTEMY HAyKOBO OOTPYHTOBAHWX MPHHIIMIMIB, IO 3abe3re-
YYIOTh KOPEKTHE TEPMIiHOJOTIUHE PO3MEKYBaHHS MiXK JIOTICTHIHAMH Ta TEXHOJOTId-
HHUMH TIpoIiecamMu / OTiepartissMu.

A. Ilpunyun npodyxmoyenmpuunocmi. SIKIO 00’€KTOM € MaTepiadbHUN Ipo-
IyKT (TOBap, CHPOBHHA, HamiBpaOpHKaT) 3 TUIOBOIO CXEMOIO HOro 00Iry «BUpOOHH-
LTBO — 30epiranHs — po3IoJin», 3aCTOCYBaHHsI TEpPMiHa «JIOTICTUYHI poliecH / onepa-
Iii» € MIIKOM O0TPYHTOBAHHM.
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Tabmur 2
MixkHapoaHi cTaHAAPTH, O HiIATBEPAKYIOTh BiIMiHHICTh TeXHOJIOTIYHUX
i JoricTHYHMX npouecis

— Opranizaunis — Cranaapt / JIOKyMeHT — o mixTBepIKYE
- . — ISO 28001, ISO 20858 — Ilpouecu TpaHCIOPTY BU3HA-
{)SO (Ir.lter_natlonal (Port Facility Security), ISO | gatotses sk “production
rganization for . . .
Lo 9001 (Service Production of transport service”, a He
Standardization) .
Standard) JIOTICTHKA
— UNECE (United — UN/CEFACT — TpancnoprHi oneparii kinacudi-
Nations Economic Recommendation 33, 34 KYIOTbCA SIK “‘service operations”,
Commission for (Single Window, Port JIOTICTHKA BIHOCHUTHCS JIUIIIE 10
Europe) Community Systems) YIPaBJIHHS [TOTOKOM
— UNCTAD (United — IlepeBanouni, OyKCHpPHI, areHT-
Nations Conference |— Port Management Series CBKI ITpoIiecH / ornepariii Bu3Ha-
on Trade (Vol. 1-6) qaroThes sk “port technological
and Development) services”
— IMO (International | gy g 1gps MARPOL, |~ YCi MpOlecH B nopty Kacudixy-
Maritime . I0ThCS SIK TEXHOJIOTIYHUI cepBic
P FAL Convention
Organization) TPaHCIIOPTY

SIK1m10 5k 00’ €KTOM € TPAaHCIIOPTHA MOCITYTa, sIKa He Ma€ peYOBUHHOT (POPMH, HE MOKE
OyTH HaKOMMYEHA Ta CIIOKUBAETHCS OMHOYACHO 3 ii BUPOOHHUIITBOM, TO MPOIIECH, IO
3a0e31MeuyIoTh 11 CTBOpEHHS, MAIOTh BU3HAYATHUCS SIK TEXHOJIOT1YHI mporiec / omnepartii.

b. Ilpunyun ¢yuxyionanvnoi poni npoyecy. Ilponecu, 1mo 0Oe3nocepentbo ¢Gop-
MYIOTh OCHOBHY IPOJYKLIi0, MalOTh TEXHOJIOTTYHUI XapakTep.

VY tpancnopTHiii cepi 10 HUX HaJeKaTh: MEPEBE3CHHS, MEPEeBANIKaA, CKCIEIUPY-
BaHHS, MHUTHO-OpPOKEPCHKUI CYIIpPOBiA, areHTyBaHHs CyleH, OyKCHPyBaHHS, OIEpy-
BaHHA (UI0TOM, (PpaxTyBaHHS CyA€H Ta iHIII BUPOOHHYO-CEPBICHI [ii.

[Iporecu, mo 3abe3nedyoTs HaCKpi3HE YIIPaBIIiHHSA MaTepialbHUMHA, 1HPOpMAaIlii-
HUMH Ta (iHAHCOBUMH MOTOKAMH HABKOJIIO OCHOBHOTO BHPOOHHIITBA, MOXKYTH BBaKa-
THCS JIOTICTHYHUMH, aJIe JIUIIE 32 YMOBH, IO CYO’ €KT PeaIbHO YIIPABIISIE MaTepiaTbHIM
MIOTOKOM Y (pOpMi TOBapy SIK BIACHOTO MPOAYKTY.

B. Ilpunyun xonmexcmmuocmi euxopucmanns mepmina. Y Teopii TpaHCIIOPTHUX
NPOIIECIB 1 CUCTEM TEPMiH «TEXHOJIOTIYHI MPOLecH/Onepanii» € KOPEKTHUM JUIs TI03Ha-
YeHHS KOMIUIEKCY i, 10 3a0e31euyoTh BUPOOHUIITBO TPAHCTIOPTHOI ITOCTYTH (TpaH-
CHOPTHHUH, BAHTAKONEPEPOOHHMIA, TEPEeBi3HUI MPOIECH TOWIO). IXHIM pe3yabTaToM
€ HeMarepiajbHa MPOIYKIIis, 10 HE MOYKE HAKOITUYyBATHCh 1 CIOYKUBAETHCS B MOMEHT
11 CTBOpEHHS.

TepMiH «JIOTICTHYHI IPOLIECH» € KOPSKTHHUM JIMIIIE 32 YMOBH, IO CY0’ €T (mpo-
MHucIioBe a00 TOproBebHE MAMPUEMCTBO) 30epirac HacKpi3He YIpaBIiHHS MaTepi-
aJbHUM MOTOKOM, TOOTO TOBapOM SIK BJIACHHUM MaTepiajibHUM mpoaykroMm. Lle Bin-
MoBijlae 06a30Biil CYyTHOCTI JIOTICTHKU Ta ii KIIIOYOBOMY BU3HAYEHHIO — HACKpi3HE
YOpaBIiHHS MarepiallbHUM IOTOKOM 1 MOB’S3aHUMH 3 HHUM iH(OpMamiiHUMH
Ta (PiHAHCOBUMH TTOTOKAMH.

SIK1Io ynpaBiiHHS IPOLEcaMu TIepeMillleHHs epeaeThcsl TPAHCIIOPTHUM Ollepa-
TOpaMm, BIAMOBIIHI MPOIECH I IPOMHUCIIOBHX 1 TOPTOBEIBHUX ITIATIPHEMCTB 30epi-
raroTh JIOTICTUYHUHN XapaKTep JHUIIEe 3a [TOBUM MPU3HAYCHHSM (JIOCTaBKa TOBapy
JIO CITO’KMBayYa), IPOTE BTPAYatOTh JIOTICTUYHY CYTHICTh 1 HA0YBarOTh TEXHOJIOTTIYHOTO
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CTarycy, OCKUIbKH (OPMYIOTH TPAHCIOPTHY IOCIYTYy 1 ONEPYIOTh BAaHTaXEM SK
00’ €KTOM TIpalli TPaHCTIOPTY.

I. Ilpunyun eionosionocmi cy6’ekma Oocniodxncenws. JIOTiICTUKY Ha TPaHCIIOPTI,
y TOMY YHCJi BHYTPIIIHBONOPTOBY JIOTiCTHKY, IIOBUHHI AOCHIKYBaTH (haxiBLi-TpaH-
CTIIOPTHHKH, SIKi BOJIOAIIOTH TEOPI€I0 TPAHCTIOPTHHX MPOIIECIB 1 CHCTEM, PO3YMIIOTH CIie-
IUQiKy TPAaHCIOPTHOI MOCITYTH, OCOOIMBOCTI MisUTBHOCTI TPAHCHIOPTHHUX MiAIPUEMCTB
1 IPUPOJY PUHKY TPAHCIIOPTHUX MOCTYT.

Came Taka (paxoBa KOMIETEHTHICTh YHEMOKJIMBIIOE HEKOPEKTHE IEPEHECEHHS
KaTeropiii MpOMHUCIIOBO] JIOTICTUKK HA TPAHCHOPTHY cepy Ta 3abe3rnedye KOPEeKTHY
IHTepIpeTaLilo TEPMiHIB Yy KOHTEKCTI BUPOOHUITBA HeMarepialbHOI TPaHCIOPTHOI
MOCITYTH.

3anpornoHoBaHi MPUHLIMIHN CTBOPIOIOTH HAYKOBO MLIJIICHY METOAOJIOTIYHY OCHOBY
Ut (POpMYBaHHS KOPEKTHOTO TEPMIHOJIOTIYHOTO arapary TpPaHCHOPTHOI Haykdu. Boxun
MOXYTb CIYI'YBaTu OpPiEHTHPOM JUIsi: MOAAJBIINX TEOPETUUHHUX AOCITILKEHb Yy cdepi
TPAHCHOPTHUX TPOLECIB 1 CUCTEM; PO3POOJICHHS ACPKAaBHUX 1 Tajly3eBUX CTaHIApTiB
OCBITH; opMyBaHHS MPopeciitHUX cTaHIapTIB Ta KBaliikaiitHX BUMOT; yHi]iKamii
TEPMIHOJIOTIT B HAYKOBUX ITyOIIIKaIiAX 1 MPaKTHYHIN JisIIBHOCTI.

6. 3nauenus mepminonociuHoi Mooeni 011 MPAHCROPMHOIL HAyKu. 3aTIPOTIOHOBAHE
TEPMIHOJIOTIYHE PO3MEKYBaHHS TEXHOJIOTTYHUX 1 JIOTICTHYHUX MPOIECIB Y TPAHCIIOPTI
Mae He JuiIe kiacuikamniiine, a i METOOOTUHEe 3HAaYCHHSI JJ1s1 TPAHCIIOPTHOT HAyKH.
Bono nae 3mory:

— yHi(iKyBaTH TEPMIHOJOTIIO Y MOCII/DKEHHSIX TPAHCHOPTHUX IMPOIECIB, MOPTO-
BHIX 1 TEpPMIHAJIEHUX CHUCTEM, TPAHCIIOPTHOTO CEPBICY;

— 3a0e3MeYnTH TOCTIIOBHICTh MMOHATIHHOTO anapary y GpyHIaMeHTaIbHUX Ta TIPH-
KJIaJIHUX HAYKOBHUX PO3POOKAX;

— YCYHYTH IICEBJIOJIOTICTHYHI Je(iHIIil, 3aMIHUBIIN iX KOPEKTHUMHU TEXHOJIOT14-
HUMH TIOHSTTSAMHU;

— YITKIIIe pO3MEKyBaTH TEPMIiHH, TTOB’ I3aHi 3 YIIPABIIHHAM MaTepiaJTbHUMHU TIOTO-
KaMH, 1 TEpPMiHH, 110 OMUCYIOTh TEXHOJIOTII0 TPAHCTIOPTHOI JTisSITHHOCTI;

— Y3TOIUTH TEPMIiHOJIOTIIO 3 PEabHOIO0 NPUPOJIOI0 TPAHCIOPTHOTO BUPOOHHULITBA
Ta crenuQiKor0 HeMaTepialbHOTO MPOAYKTY (TPaHCHOPTHOI OCIYTH).

Y mupmoMy HayKOBOMY KOHTEKCTiI 3a3HayeHa KOHIIENTyalbHa MOJENb (opMmye
KaTeropiajgbHy OCHOBY CIIEIliai30BaHOT HAYKOBOI IIIKOJH, K2 BUXOIUTH i3 MPOIYKTO-
MEHTPUIHUX XapaKTEPUCTHUK TPAHCIIOPTHOI MiSIILHOCTI, @ HE 3 MEXaHIYHOTO TepeHe-
CEHHSI JIOTICTUYHUX KOHIIeMIIii, c(hopMOBaHUX Ha 0a3i MaTepiabHUX BUPOOHUITB. Lle
JI03BOJISIE PO3IVISIIATH MPOLIECH BaHTa)KONepepoOKH, TPAHCHOPTYBaHHS Ta CEPBICHOTO
CYNPOBOMY SIK TEXHOJIOT1YHI MPOILIECH BUPOOHHIITBA TPAHCIIOPTHOI MOCIYTH, a HE SIK
«JTOTICTHYHI» TPOLIECH 3@ CBOEIO CYTHICTIO.

OTxe, 3apoONOHOBaHA KOHLENTyallbHA MOJEJb MOXE OyTH BHKOpPHCTaHa SIK HOP-
MaTHBHA OCHOBA JJIsl CTAaHAAPTH3alii TepMiHOIOTIT TPAaHCIIOPTHOT HAYKH, a TAKOX SIK
MeToau4uHa 0a3a Ui OCBITHIX mporpaM i npodeciiinoi niarorosku ¢axisuis. Lle, cBoeto
Yeproro, 3yMOBIIIOE HEOOXiJHICTh ()OPMYBaHHS MPAKTUYHUX PEKOMEHIALIH [T OCBIT-
HBOTO Ta MPOPECIHHOro CepeIOBUIIA.

7. Pexomenoayii ons océimu ma npogecitinoeo cepedosuua. OTpUMaHI pe3yib-
TaTH MarOTh Ba)KJIMBI HACHINKH IS OCBITHROI Ta mpodeciiiHoi mnpaktuku. Boxu
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MiITBEP/KYIOTh CTPATETIYHY POJIb TPAHCIIOPTHOT OCBITH Ta OTPeldy y haxiBUsSX-TpaH-
CIOPTHUKAX, 3JaTHUX:

— Ppeani3oByBaTH TEXHOJOTiYHE BUPOOHHUITBO TPAHCIIOPTHHX MHOCIYr (mepeBe-
3€HHSI, BAHTA)XXOIIEPEBAJIKa, CYIIPOBI BAHTaKOIIOTOKIB, eKCILTyaTawis (JoTy, TepMiHa-
JiB Ta iHPpPACTPYKTYypH);

— 3a0e3redyBaTH JOTiICTUUHUH CYNIPOBI peaizalii X MOoCIyT;

— mpodeciiHO yHpaBIsTH TOBAPOIIOTOKAMH MPOMHCIOBHUX MiANPHEMCTB 3 ypaxy-
BaHHSM TEXHOJIOTI9HOI Crier(iku TPaHCTIOPTY.

PuHOK TpaHCHOPTHHMX MOCIYI HHMHI XapaKTEPHU3YEThCS BHCOKUM DPIBHEM periia-
MEHTallii, CTaHJapTH3aIlii Ta TEXHIKO-TEXHOJIOTTYHOI CKJIAJHOCTI. BiIbIIiCTh crieri-
anpHOCTEH Tany3i 3HaHb J « TpaHCmopT 1 MOCIYTH» HAJEKaTh JI0 PEryJibOBaHHUX TPO-
decii, mo nepeadadae creniaabHi BUMOTH JI0 3MICTY Ta PiBHS MiATOTOBKH (HaKa3u
MOH VYkpaiau Ne 373 Bim 27.02.2025 1 Ne 437 Big 11.03.2025), a Takox BiAmoBigae
BuMoram MmixkHaponuux opranizanii (IMO, UNECE, IAPH Ttomo). 3 ormsiny Ha 1ie
JOLIJILHO PEKOMEHyBaTH:

1. /[ns oceimuix npoepam — YiTKO PO3MEIKYBATH Y 3MICTI OCBITHBOI MiJTOTOBKH
(OCBITHIX TIporpamax, HaBYAIBHHX IUIaHAX, MpOrpaMax HaBYAIBHUX TUCITUTUIIH
Ta METOOWYHHMX Marepiajax) MOHSITTS «TEXHOJOTIUHI» Ta <«JIOTiCTHYHI» TporiecH /
orepariii, BioOpa)kalouu MPOAYKTOIEHTPHYHI OCOONHMBOCTI TPAHCIIOPTHOI MOCIYTH
Ta YHUKAIOUYM HEKOPEKTHOTO MEPEHECEHHs TEPMiHIB POMHCIIOBO] JIOTICTUKU Ha TPaH-
CIIOPTHI TEXHOJIOTII.

2. Jlns niopyuHuxis i HaguanbHuUX NOCIOHUKIE — NIEPETTISIHYTH TEPMIHOJIOTII0, BUTY-
YUTH TICEBIOJIOTICTUYHI CJIOBOCIIONYYCHHS ((JIOTICTHKA TICPEBANKI, <JIOTICTHKA
areHTYBaHHS», «JIOTICTHKA LIBAPTOBHUX OINEPALii» TOILIO0) Ta 3aMiHUTH iX KOPEKTHUMHU
TEXHOJIOTTYHUMH Je(iHILisIMH, IO BiANOBIAAIOTH 3MICTY BUPOOHUITBA TPAHCIIOPTHOI
MOCTYTH.

3. s océimuix cmanoapmis i 2any3e6ux OOKYMeHmie — 3aKpiuTH BIJIMIHHICTb MIXkK
JIOTICTUYHUM YIIPaBIIHHAM MaTepiaTbHAMH IOTOKAMH Ta TEXHOJIOTIYHUMH TTPOIIeCaMH
TPaAHCIIOPTHOTO BUPOOHUIITBA, YITKO BiOOpa3UBIIH 11 y MPODINITX KOMIETEHTHOCTEH,
MOCaIOBUX IHCTPYKIIiSAX Ta BUMOTaX J0 KBamidikarrii.

4. Jlns mpancnopmuux ma npoMucio8ux NiOnpuemMcme — PO3BUBATU JIOTICTHYHI
KOMIIETEHTHOCTI Ha OCHOBI TEXHIKO-TEXHOJIOT1YHOT MiATOTOBKHU (DaxXiBIiB TPAHCIIOPTY,
a He 3aMIHIOBATH il CyTO EKOHOMIKO-MEHEIKEPCHKUMU TIiIXOTaMH.

[lincymoByroun, 3a3HaYNMO, 1110 HE KOYKHE TIEPEMIIIeHHS € JIOTicTHKo. JloricTmy-
HUM BOHO € JIUIIIE TOi, KOJIM 3M1MCHIOETRCS TT1JT yIIPaBIiHHSAM CY0’ €KTa, Uhs MarepiaibHa
OPOIYKIIS JOCTABISEThCA. SIKIIO X YINPaBIiHHS MEPEeXOAUTh A0 TPAHCIIOPTHUX Mif-
NPUEMCTB, BIAMIOBIIHI JIii HaleXaTh O cepu TPAHCIIOPTHUX TEXHOJIOTIH 1 POPMYIOTh
HeMaTepiallbHUH NPOJYKT — TPAHCIIOPTHY MOCIYTY.

8. Micye Oocnioocenns y cucmemi «napaouema — OOKMpUHa — KOHYenyis — cmpa-
meeisy. [lonpu Te, 0 pO3MEXyBaHHS JOTICTUYHUX 1 TEXHOJIOTTYHUX MIPOLIECIB y TPaH-
CHOPTHIiH Taiy3i € METOAOJIOTIYHO OYEBUAHUM 1 Oe3MocepeJHbO BUIUINBAE 3 IPUPOAN
TPAaHCIOPTHOTO BHPOOHHMIITBA, Y HAYKOBO-OCBITHHOMY MPOCTOPI BOHO J10Ci He Oyio
MOCTIIOBHO Ta LITICHO cTpyKTypoBaHe. [IpoTsirom TpuBasnoro vacy aediHirii, 3amo3u-
YeHl 3 TIPOMHUCIIOBOI JIOTICTHKH, MEXaHIYHO MEPEHOCHINCH ¥ KOHTEKCT TPAHCITOPTHUX
TEXHOIIOTIH, 0 CIPUYUHSIIO TEPMIHOJIOTIYHY (hparMeHTapHICTh, CEMaHTHYHI [TOMHIIKA
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ta 3micToBi migminu. CHOpPMOBaHi y CTATTI MOJOKEHHS MalOTh CUCTEMOTBOPUY POJIb
1 BUOYIOBYIOTh YiTKy METOIOJIOTIYHY BEPTHKAIb:

A. Hapaouema. DopMyeThCS HOBa HayKOBa paMKa MHUCJICHHS, Y IIEHTPI SKOI — TIPO-
TYKTOIICHTPUYIHA TIPUPOAA TPAHCIIOPTHOI MISUTBHOCTI Ta OHTOJIOTIUHA PI3HUIT MiX
YIIPaBIIHHSIM MaTepiaIbHAM ITOTOKOM 1 BUPOOHHUIITBOM TPAHCTIOPTHOI TocCiyTH. BoHa
CIIPOCTOBY€E TIOIIUPEHE YSABICHHS TPO «JIOTICTUYHICTHY OYIb-SKOTO TEPEMIIICHHS
Ta BCTAHOBIIIOE, IO JIOTICTHKA 1 TPAHCIIOPTHA TEXHOJIOTISI HAJIKaTh 0 PI3HUX PIBHIB
CYCIUTBHOTO BUPOOHUIITBA T MAIOTh Pi3HY MPEIMETHICTb.

b. Jlokmpuna. lapanurmMa KOHKPETH3YETHCS Y BUIISAAI CUCTEMH TPUHIUIIB (TIPO-
JNYKTOLEHTPUYHICTh, (DYHKIIIOHAJIbHA POJIb, KOHTEKCTHICTh, BIJAMOBLIHICTH Cy0’ €KTa
YIpaBIiHHA), SKi BU3HAYAIOTh YMOBH, 32 SKHX MPOIIEC MOXKE BBAKATUCS JIOTICTHYHUM
YH TEXHOJIOTTYHUM. JIOKTpHHA yCYBa€ TEPMIHOJIIOTIYHY HEBU3HAUCHICTH 1 hOpMy€e HOP-
MaTHUBHI paMKH BUKOPHCTaHHS TEPMiHIB.

B. Konyenyis. 3anpornoHoBaHa KOHIENITyalbHa MOJIENb OMUCY€E TOCIIIOBHY TPaHC-
(hopmariiro MaTepiaJIbHOTO MPOIYKTY ITiJ1 4ac HOro JOBEICHHS JI0 CIIOKUBAYA;

TOBap — BaHTaXX — BaHTAXKOIOTIK — TPAHCIOPTHA MOCIyTra

Mopens BimoOpakae 3MiHy Cy0’€KTa yHpaBlliHHSI, MOMEHT BTPaTd JIOTICTHYHOTO
3MICTY Ta HaOyTTS TEXHOJIOT1YHOI CYyTHOCTI, @ TAKOXK B3a€MO/Ii10 MaTepiaibHOro i TpaH-
CIOPTHOTO MOTOKIB. BoHa y3romxkena 3 pucynkamu 1, 2 ta Tabnuisivu 1, 2.

I Cmpameczis. CHopMynbOBaHO CTpaTeriyHi HaNpsSMHU PO3BUTKY OCBITH, HayKd
i rany3eBoi MPAaKTUKW: CTaHAAPTU3ALis TEPMIHOJIOTr], Meperisg OCBITHIX MIporpam,
YCYHEHHSI TICEBJOJIOTICTHYHHUX TEPMiHIB, Y3TOPKEHHS OCBITHIX CTaHApTIB i3 MPOIyK-
TOLIEHTPUYHOIO JIOTIKOIO, MiJICHJICHHS poii (axiBIiB-TPaHCIOPTHHUKIB y (GopMyBaHHI
TEPMIHOJIOTIYHOT CUCTEMHU.

BucHoBku. Y npoBeaeHOMY J0CIiIKEHHI 00IPYHTOBAHO, 1110 TEPMiHOJIOTIYHE PO3-
MEXXYBaHHSI TEXHOJIOT1YHUX 1 JIOTICTUYHUX TPOLIECIB y TPAHCIIOPTHIN cdepi TOBUHHE
cnpaTrucs He Ha caM (DaKkT IepeMillleHHsT BaHTaXKIB UM BUKOHAHHS CYNPOBIIHHX JIiH,
a Ha BUJ NPOAYKILII, sIKa CTBOPIOETHCS B PE3YJbTaTi MPOLECY, Ta Cy0 eKTa, IKUN 311ii-
CHIOE YIIPABJIIHHS MaTepialbHUM [TOTOKOM.

1. BusHadueHO TpHUPOAY TEPMIHONOTIYHUX KOMi3iH, IO BHUHHUKAIOTH Yepe3 Tepe-
HECEHHS JIOTICTHYHUX Ne(iHilild y TpaHCopTHY cdepy Oe3 ypaxyBaHHS CHEIH(iKn
TPaHCIIOPTHOTO BUPOOHUIITBA Ta 0COOIMBOCTEH Horo mpoxykiii. [lokazano, 1mo B Tpan-
CIIOPTi pE3yJIBTaTOM JisSUTFHOCTI € HeMaTepiallbHa IOCTyTa, a YIIPaBIIHHS 3M1HCHIOEThCS
BaHTa)KEM, BAaHTAXKOIIOTOKAMH 1 TPAHCTIOPTHUMH TTOTOKaMH, 10 TOTpeOye 1HIINX KpH-
TepiiB IS pO3MEKYBAHHS JIOTICTHYHUX 1 TEXHOJOTIYHUX MPOTICCIB.

2. JloBemeHo, 0 TEXHOJIOTIUHI MPOIIECH TPAHCIIOPTY — II€ TIPOIIeCH BUPOOHUIITBA
HeMaTepialbHOI TPAHCIIOPTHOI MOCITYTH (TIepeBE3CHHS, TIepeBalika, eKCIeIupyBaHHs,
MHUTHO-OpPOKEPCHKI MMPOLIEAYPH, ATeHTYBaHHS, OyKCHPYBaHHS TOIIO), sIKa CTIOKHBAETHCS
OJTHOYACHO 3 11 CTBOPEHHSM 1 HE MOXKE OyTH HAKOITUYCHA.

3. JlorictiuHi mpoliecu BUHHUKAIOTH JIMIIE 32 YMOBH, IO cy0’€KT (BUPOOHHK abo
TOPTOBEJIbHE MiANPHEMCTBO) 30epirac HACKpi3HE YIPaBIiHHSI TOBAPOM SIK BIACHUM
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MarepiaJbHUM MPOIYKTOM Y MeXKax MOBHOTO PyXy MarepialbHOTO IMOTOKY — BiJ| JiKe-
pelia TOXOHKEeHHS 10 KIHI[EBOTO CTIOKMBAYA.

4. MomeHT rniepenayi yrpaBliHHS MaTepiaJbHUM MPOAYKTOM TPaHCHIOPTHOMY TIijI-
MIPUEMCTBY € KITFOYOBOIO TOYKOIO 3MiHU CTaTyCy IPOIIECIB: JIOTICTUYHHIA KOHTYP yIpaB-
JIHHS 3aBEPUIYETHCS, a MPOIlecH Ha0yBalOTh TEXHOJIOTTYHOI CyTHOCTI, OCKIIBbKH (op-
MYIOTh TPAHCIIOPTHY MOCITYTY.

5. Amaniz mikaaponaux craggaptiB (ISO, UNECE, UNCTAD, IMO) 3acBimuye,
[0 TEXHOJIOTIYHI Jii TPAHCIIOPTY HE TMO3HAYAIOTHCS TEPMIHOM «JIOTICTHKA», IO ITif-
TBEPIKY€ HEKOPEKTHICTh Y)KHBAHHS TICEBAOJIOTICTUIHUX NSDIHIMIN THITY <«IOTiCTHKA
TIEPEBAIKIY, «JIOTICTHKA OYKCUPYBAHHS», «JIOTICTHKA areHTyBaHHS) TOIIIO.

6. 3ampomnoHOBaHA KOHIIETITYaJIbHA MOJCIH PO3MEKYBAaHHS 0a3yeThCS Ha JITKHAX
METOIOJIOTIYHUX TIPUHIINAIIAX — MPOTYKTONEHTPUIHOCTI, (PyHKIIOHATBHINA POl Tpo-
11ecy, KOHTEKCTHOCTI BUKOPUCTAHHS TEPMiHa Ta BIATOBIAHOCTI Cy0’€KTa JOCIIIKCHHS.
Momens ycyBae TEpMIHOIOTIIHI KoIi3ii Ta (hopMye HAyKOBO BHBIPEHE TOHSTIHHE TI0JIE
TPAaHCIIOPTHOI HAYKHU.

7. llokazaHO HayKOBE 3HAYEHHS MOJIEINI, IKa MOXKE CITyT'yBaTH METOOIOTIIHOIO OCHO-
BOIO JIJISI CHCTEMHOTO YHOPMYBaHHS TEPMIHOJIOT11 TPAaHCIIOPTHOT HAYKU Ta 3a0€3MeTyBaTH
KOpeKTHE (hOpMYBaHHS 3MICTy HaBUAIBHHUX TUCIMILIIH 1 HAYKOBHX MOCIIIKEHD y chepi
TPAHCIIOPTHOI AiSUTEHOCTI 03 3MIITyBaHHS TEXHOJOTIYHHX 1 JIOTICTHYHUX TOHSTS.

8. CdopmynpoBaHO peKOMEHIAIIIT TSI OCBITHBOI i Talry3eBO1 MPAKTUKH, IO TTepe-
0auaroTh YiTKE PO3MEKYBAHHS TEXHOJOTIUYHUX IPOIECIB TPAHCIIOPTY 1 JIOTICTHUYHUX
MIPOIIECIB TTPOMHUCIOBUX IIAMPUEMCTB HA OCHOBI TPHPOIN TPOAYKTY Ta CyO €KTa
yIpaBIiHHS TOTOKOM. Lle 3a0e3meuye KOpeKTHICTh OCBITHIX CTaHIAPTIiB, MiAPYIHUKIB,
npodecitHuX KOMIETCHTHOCTEH 1 TATY3€BOi TisSTIBHOCTI TPAHCIIOPTHUX T ATIPUEMCTB.

9. 3ampomnoHOBaHE TEPMIHOJOTIUYHE PO3MEKYBAHHS JIOTICTHUHHX 1 TEXHOJOTIUHHX
TMIPOIIECIB Y TPAHCIIOPTI IHTETPYETHCS B HAYKOBY CHCTEMY «IIapajiirMa — JOKTpHUHA — KOH-
TIETIIIIS — CTparerisn». [lapagurma mpoayKTOIEHTPUIHOTO ITiAX0My BH3HAYAE 0a30BY BiAMiH-
HICTh MK YTIPaBIIHHSAM MaTepiaTbHAM TTOTOKOM 1 BUPOOHHUIITBOM TPAHCIIOPTHOI ITOCITYTH;
Ha il OCHOBI (DOPMYIOTBCS TOKTPHUHAIBHI IIPUHITATIH, KOHIIENTyaIbHA MOJEITh TpaHCchopMa-
IIi1 CTaTyciB MPOAYKTY Ta CTPATETIUHI PeKOMEHIAITIT /TS OCBITH, HAYKH U TIPAKTHKH.

Buxmaneni monoXeHHs He CTBOPIOIOTH IITYYHUX HOBAIIil, a CHCTEMAaTH3yIOTh 3Ha-
HHJ, SIK1 JIOTIYHO BHIUTHBAIOTH 13 MPUPOAH TPAHCIIOPTHUX MPOIIECIB, aje TPUBAINN dac
3QIHIIATUCS HEY3TO[KCHIMH Y HAyKOBO-OCBITHROMY CEPENOBHIII. 3alporoHOBaHA
MOJIeTTh 3a0e31euye METONOIOTIUHY IUTICHICTD, MIABUIIYE KOPSKTHICTH TEPMIHOIOTIY-
HOTO armapary TPaHCIIOPTHOI HayKH Ta MOXKE CITYTyBaTH OCHOBOIO IS TOJAIIBIIHX JT0C-
JIHKeHb, CTAHIAPTH3AIII] Ta OCBITHIX pedopM.
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YITPABJIIHHS EMICIEIO OKCHUAIB CIPKH
I YAC BUKOPUCTAHHS ITAJIMBA BIOJIOTTYHOT O ITOXOAKEHH A,
SAKE CTAHOBJIATDH I'TTPOBAHI POCJIMHHI MACTHJIA

O.A. KyponsiTHUK
J-p dinocodii, JOKTOpaHT Kaeapyu CyTHOBUX EHEPreTHYHHUX yCTaHOBOK,

Hayionanvnut ynieepcumem «Odecvka mopcoka akademisy, Odeca, Yrpaiua,
ORCID ID: 0009-0008-2565-5771

Anomauin

Bemyn., Oonum 3 akmyanbHux 3a80aHb, sike GUHUKAE NIO 4ac eKCHayamayii cyoeH
MOPCBbKO20 MPAHCNOPNY, € 3a0e3neyents iX eKono2iuHoCmi, 30Kpema wooo emicii
OKCUOIB CIPKU i3 UNYCKHUMU 2a3amu CYOHO8UX ousenis. Cnocobom po3e si3anus ybo2o
3A60AHHS € GUKOPUCANHS NATUBA OIOL02TUHO20 NOXOONCEHHS, SIKE CIANHOBIAMD 2i0pO-
8awi pocaunHi macmuna. Ak npasuino, emicm cipku 6 nOOIOGHUX cOpmMax naiuea He nepe-
suwye 0,1 % 3a macor, wjo 003605€ ix BUKOPUCTAHHS AD0 K OKPEMO20 Naaued, abo
(wo Hativacmiwe) y ckAadi cymiuti 3 NAIUBOM HADMOBO20 NOXOOICEHHSL.

Mema 00cniodCceH s — BUBHAUEHHS MOICIUBOCHE YNPAGIIHHI eMICIEI0 OKCUOIB CIpKU
3 GUNYCKHUMU 2a3aMU CYOHOBUX OU3ENI8 Ni0 YaC GUKOPUCTNAHHA NAIUGA OI0N02TUHO20
NOX00JICEHHSL, SIKe CMAHOBIAMY 2I0POBAHT POCIUHNI MACTUA.

Pesynomamu. Jocniodncenns UKOHYBANUCH HA CYOHOBUX CePeOHbO0OEPmMOBUX Ou3e-
asx Wartsila 6132, sixi nio uac nposedents eKcnepumeHmis eKCniyany8aiuch Ha naiueax
Haghmosozo noxodscenus DMA20 (y eunaoky snaxodicenns cyona ecepeouri SECAs)
ma RMG350 (y sunaoky 3naxooicennsi cyona noza SECAs). Hx anbmeprnamuere naiueo
(8U3HAUEHHIO GNIAUBY AKO2O HA eMICil0 OKCUOI8 CipKu Oyau NPUcesueHi 00CII0ONCeHHS)
suxopucmosgyeanoce naiuso HVO — Hydrotreated Vegetable Oil, wo nanexcums 00
KIacy nanusa 0ion02i4H020 NOXOONCEHHS, 1K€ CMAHOGISMb 2I0POBAHT POCIUHHI MAC-
muaa. 11i0 uac oocniodcens cmeopioganucs ma UKOPUCMOBYBAIUCH Y OU3EIAX NATUGH]
cymiwi, siki cmanosunu 70...80 % nanuea RMG350 abo DMA20 ma 30...10 % narusa
HVO. Ak noxasnux, wo xapaxmepusye eKono2iunicms pobomu cyoHa 3a eMiciero oKcu-
die cipxu, nputimanocs sionowenns (SO/CO,), eumiprosanns aKko20 3a0e3neuy6anoco
CYOHOBOI0 CUCIEMOI0 OTACHOCTMUKU ThA BUKOHYBALOCH Y 2A3068UNYCKHILL CUCTeMT OU3es.
s nanusnux cymiwen, saxi cmanogunu 70...90 % nanusa Hagpmogoco noxooicenus
RMG350 abo DMA20 ma nanusa 30...10 % naxuea HVO 6 dianaszoni excniyamayitiHux
Hasaumasicevb Ha ouzeni 50...80 %, Oy10 6CmMaH0BIEHO 3HUICEHHS eMiCii OKCUudig CipKu
Ha 4,43...23,59 % nio uac 3naxodacenns cyona noza SECAs ma na 8,91...27,21 % nio
yac 3Haxo0xcerHst cyona ecepeduni SECAS.

Bucnoexu. ExcnepumenmansHumu 00CIIONCEHHAMU, WO BUKOHYBAUCH HA CYOHOBUX
Oouzensx Wartsila 6132, niomeepocena MosiCIUGICmb YPAGIIHHS eMICIEI0 OKCUOI8 CIPKU
3 GUNYCKHUMU 2A3aMU ULTSAXOM BUKOPUCTIAHHSA NAAUBa 0iono2iunoeo noxodcenns HVO.

Knruogi cnosa: exonociuni nokasHuku, emicis OKCUoie Cipku, MOPCbKULL mpancnopm,
nanueo OiOI0SIUHO20 NOXOONCEHHS, NATUBO HADMOBO20 NOXOONCEHHS, CYOHOBUL OU3EITD.
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Summary

Introduction. One of the current challenges that arise during the operation
of maritime transport vessels is ensuring their environmental friendliness, in particular
with regard to the emission of sulfur oxides with exhaust gases from ship diesel engines.
The solution to this problem is the use of fuel of biological origin, which consists
of hydrogenated vegetable oils. As a rule, the sulfur content in such fuel types does not
exceed 0.1 % by weight, which allows their use either as a separate fuel or (most often)
in a mixture with fuel of petroleum origin.

The purpose of the study is determining the possibility of controlling sulfur oxide
emissions from marine diesel engine exhaust gases when using bio-based fuels consisting
of hydrogenated vegetable oils.

Results. The research was carried out on medium-speed ship diesel engines Wartsila
6132, which during the experiments were operated on fuels of petroleum origin DMA20
(in the case of the ship being inside SECAs) and RMG350 (in the case of the ship
being outside SECAs). As an alternative fuel (the research was devoted to determining
the impact of which on the emission of sulfur oxides), HVO fuel was used — Hydrotreated
Vegetable Oil, which belongs to the class of fuels of biological origin, which are
hydrogenated vegetable oils. During the research, fuel mixtures were created and used in
diesel engines, which consisted of 70-80 % RMG350 or DMA20 fuel and 30—10 % HVO
fuel. As an indicator characterizing the environmental friendliness of the ship s operation
in terms of sulfur oxide emissions, the ratio (SO,/CQ,) was taken, the measurement
of which was provided by the ship s diagnostic system and was performed in the diesel
exhaust system. For fuel mixtures consisting of 70-90 % petroleum-based fuel RMG350
or DMA20 and 30-10 % HVO fuel, in the range of operating loads on diesel engines
of 50-80 %, a reduction in sulfur oxide emissions of 4.43—23.59 % was established when
the vessel was outside SECAs and by 8.91-27.21 % when the vessel was inside SECASs.

Conclusions. Experimental studies carried out on Wartsila 6L32 marine diesel
engines confirmed the possibility of controlling sulfur oxide emissions with exhaust
gases by using HVO fuel of biological origin.

Key words: biofuels, environmental indicators, marine diesel, maritime transport,
petroleum fuels, sulfur oxide emissions.

Beryn. 3aGe3nedeHHsT €KOJIOTIYHOCTI Cy[IeH MOPCHKOTO Ta BHYTPIIIHBOTO BOIHOTO
TPAHCIIOPTY € aKTyaJIbHUM 3aBIAHHSIM, Ha PO3B’SI3aHHS SIKOTO CIIPSIMOBAHI JOCIIPKCHHS
HAyKOBIIIB Ta TEXHIYHI peKkoMeHmarlii ¢ipM-BUPOOHHKIB CYTHOBHUX mu3eliB. [ 0ioB-
HOIO METOI0 ITMX JOCIIPKEHh Ta PEKOMEHMAIlN € 3MCHICHHS 3a0pyIHEHHS BOIHOTO
Ta MOBITPSIHOTO CEPEOBHINA ITiJ] Yac eKCIUTyaTallii CyTHOBUX €HEPIreTHYHUX YCTaHOBOK
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Ta CUCTEM, IO 3a0e3mneuyroTh iX ¢yHKIionyBaHHs [1; 2]. CaMuM MOIIUPEHUM THUIIOM
TETJIOBHMX JIBUTYHIB, IO BXOASATH JIO CKJIJLy CYJJHOBHX CHEPIeTUUHHX YCTAHOBOK, € JIBU-
I'YHH BHYTPILIHBOTO 3rOPSIHHS (M3eni), sIKi MOPIBHSHO 3 THIIMMHU TEIUIOBHMH JBUTY-
HaMU — TIAPOBHMH UM T'a30BUMH TYpOIHAMH — XapaKTePH3YIOThCs OLTBIINM e(DEeKTHBHIM
Koe(ilieHTOM KOPUCHOT JTiT Ta MEHIIIO MMTOMOIO BUTPaTOO nayinBa. Came 11i 00CTaBUHU
rapaHTyIOTh JIOMIHYIOUE TOIIMPEHHS JU3EIB Ha CyJHaX MOPCHKOTO Ta BHYTPIIIHHOTO
BOJIHOTO TPAHCIIOPTY Ta X BUKOPUCTAHHS K TOJIOBHUX Ta JOMOMDKHUX JABUTYHIB [3; 4].
OtpumanHsi eEeKTUBHOI TOTY)KHOCTI Y CYJOBUX IHM3EISX HEMOXIIMBE 03 BHKO-
pHUCTaHHS MAIMBa, KIHIEBUM MTPOIYKTOM JKUTTEBOTO IMKITY SIKOTO € BUITYCKHI I'a3H, 110
MOTPAIUISIOTh Y TOBKIJUIS Ta CIPHUSIOTH HOro 3a0pynHeHHi0. HalGinpn HeOe3neuHuMu
pEYOBHHAMH, IO BXOJSTH JI0 CKJIa/ly BUITYCKHHX ra3iB CyJHOBHX JH3EIiB Ta HEraTHBHO
BIUIMBAKOTh HA EKOJIOTIYHICTH MOPCHKHX Cy/leH, € okcuau asoTy NO, Ta cipku SO,.
Came 31 3HMIKEHHSM eMicil IUX CKJIaJHUKIB [T0B’A3aHe 3aBJAaHHs 3 [1ABUIIIEHHS €KOJI0-
riYHOCTI pOOOTH Cy/IeH MOPCHKOTO Ta BHYTPIIIHEOTO BOJHOTO TPAHCIIOPTY [5; 6].
IlocTanoBka mpodJjeMu y 3arajbHOMY BUIVISIAL Ta ii 3B’S130K i3 BaKJIMBUMU
HAYKOBMMH YW NPAKTHYHMMH 3aBIaHHAMHM. BiamoBimHo mo Bumor Annex VI
MARPOL pisens emicii okcuais cipku SO, 3 BUIYCKHUMHU Ta3aMH CYJTHOBHUX JU3EIIB
perIaMeHTYEThCsI BMICTOM Cipku B maiuBi. OcoOnuBa yBara o0 eMicii OKCHUIIB CipKku
MPUIIISETHCS TTi]] 9ac 3HAXO/PKEHHS Cy/ICH MOPCHKOTO Ta BHYTPIIIIHLOTO BOTHOTO TPaH-
CTIOPTY y pallOHaX CIEIiabHOTO EKOJIOTTYHOr0 KOHTpoIto — Sulphur emission control
area (SECAs). Ilix yac ekcruyaraiii cyfaeH Bcepenuni SECAs MakcuMallbHUN BMICT
cipku B naynuBi He moBuHEH nepesuiyBaru 0,1 % 3a Macoro, B pa3i ekcruryarariii mosa
SECAS 103BOJISIETbCS BUKOPUCTAHHSI TaJIMBa, BMICT CIPKUA y SIKOMY HE IEPCBHIIYE
0,5 %. ExoyoriyHicTh poOOTH MOPCHKHX CYJEH IIOA0 €MICii OKCHIIB CIPKH TaKOX

SO,

2
cipku y cynHoBomy nanwmsi. [lin yac 3HaxomkenHs cynHa BcepenuHi SECAS 3HaueHHs

BU3HAYAETHCA BiZ[HOHIeHHﬂM , 3HAYCHHA SIKOI'O ITOBHMHHO Bi,Z[HOBiI[aTI/I BMiCTy

2

BiTHOTIIEHHS He TOBUHHO TiepeBuIyBath 4,3 ppm/%, y BUITaJKy eKCIITyaTamii

2
cynna mo3a SECAs — Oytu ue 6imem 3a 21,7 ppm/% [7; §].

Came mij yac 3HaXOKEHHSI MOPCHKOTO CyJHA B IUX aKBATOPISX MPOBOIUBCS KOMII-
JIEKC JOCIIIKEeHb 3 BU3HAYEHHS MOJKIIMBOCTI KEPyBaHHS €MiCi€l0 OKCHIIB CIpKH ILIS-
XOM BHKOPHCTAHHS MajrBa 010I0TIYHOTO TTOXOMKEHHS, SIKE CTAaHOBIIATH T1ApOBaHi poc-
JUHHI MacTHIIA.

AHaJi3 0cTaHHIX J0CTiTKeHb i myOJaikamii. 3MEeHIICHHS eMicii OKCHIIB CipKH SOX
3 BUIIYCKHUMH Ta3aMH CYJTHOBHUX JIM3EJIB JOCITAETHCS IBOMA OCHOBHUMH IIISTXaMHU —
Yyepe3 BUKOPUCTAHHS CTIeNiaJIbHIX CHCTEM OYHIIEHHS BHITYCKHUX Ta3iB Ta yepe3 3a0e3-
TIeYCHHS] POOOTH CYIHOBUX JU3EJIB HA TAJWBI, BMICT CIpKH B SIKOMY HE TICPEBHIIYE
0,1 % cipku 3a macoro [9; 10].

ITim gyac BUKOpHUCTAHHS CHEIATFHUX CHCTEM OYHINEHHS (HAMOLTBII PO3IIOBCIOMKE-
HUMH 3 SIKUX € CKpyOepH BIIKPUTOTO UM 3aKPUTOTO THITY) IO TIOTOKY BHITYCKHHX Ta3iB
TIOTIa 1a€ TIpicHa 9u 3a00pTHA (MOPCHKA) BOAA, B SIKil pO3UMHEHI CTIemiaabHI XIMIdHI pedo-
BunHH [11; 12]. Y 3B 53Ky 3 peaKIi€ero IUx pedoBUH (SK MPaBUIIO, CHIIBHUX HEOPTaHIvHIX
ocaoB NaOH a6o KOH) ta 3’ ennansb, 1110 MiCTATH CipKy (31€01IBIIIOT0 CIpUYMNCTOT KUCITIOTH
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H,SO, ra cipuanoi kucnoru H,SO,) yTBOPIOIOTECS CONBOBI PO3YMHM, SIKi TOJATKOBO PO3-
0aBIISIIOTHCS MOPCHKOIO BOJIOKO Ta BUAAJISIOTHCS 32 OOPT. [IpH 1IbOMy BMICT OKCHIIB CIpKH
SO, y BUITYCKHMX Ta3ax CyTTEBO 3HUKYEThCS. Lle 103BOIISIE BUKOPHCTOBYBATH TEXHOJIOTT
CKpyOEpHOIr0 OYMIICHHS B Pa3i eKCIUTyaTallii CyJHOBHUX JM3CJIiB Ha MaJMBI, BMICT CipKU
B sSIKOMy MOKe mocsirate 3,5 % 3a macoro [13; 14]. BcranoBneHHsT CKpyOepHUX CHCTEM
OYMIICHHSI BUMArae Imo4aTkoBHX (piHAaHCOBUX BUTpar Ha ix BcraHoeieHHs. Llle omauM
HEraTHBHUM (DakTOpOM IIMX CHCTEM € 30LIBIICHHS aepOJAMHAMIYHOIO OMOpY B Ta30BU-
MyCKHIN cucTeMi au3eniB. [Ipu 1iboMy CKpyOepHi CHCTEMH JIO3BOJISIFOTH BUKOPUCTAHHS
naJmBa i3 BMICTOM Cipku 710 3,5 % 3a Macoro, sIKi MaroTh HUKYIY BapTicTh [15; 16].

Ilig yac BMKOPUCTAaHHS MaJiiBa, BMICT CIpKUA B sikomy He nepeOiuibinye 0,1 % 3a
Macor0, CyJTHOBHH JM3€Jb Ta MOT0 TaJiBHA CHCTEMA 3a3/IJIeTi/Ib IEPEBOISATHCS Ha EKC-
TuTyaTaliiHi pexuMu, Mo 3ade3neuytoTh i ymoBu [17; 18]. Tpusamicts 1poro mnepe-
BEJICHHST MOYKE JIOCSTATH KIIBKOX TOJMH Ta 3aJIC)KHUTh BiJl MOTYKHOCTI JM3EIIiB Ta KiJib-
KOCTI MaJIMBA 13 MiIBUIIICHUM BMICTOM CIPKH B MaJMBHIN CUCTeMI. 31€OLIBIIOrO SIK TaKi
naJiMBa BUKOPHCTOBYIOTHCS MairBa HAaQTOBOro moxopkeHHs kareropii Low-sulfur fuel
(i3 Bmictom cipku 0,08...0,1 % 3a macoro), abo Ultra-low-sulfur fuel (i3 BmicTOM cipku 10
0,05 % 3a macoro) [19; 20]. OCHOBHHM HEJIOIKOM BUKOPUCTAHHS MOAIOHUX IMAJIMB € 1X
OLITBIN BUCOKA BAPTICTh TOPIBHSHO 3 MAIIMBOM, BMICT CIpKH B SIKOMY TIepeOyBa€e B MeKax
0,5 %, Ta 0COOMMBO 3 MAJIMBOM i3 BMICTOM CipKH OIM3BKO 3,5 % (BUKOPUCTAHHSI SIKOTO
MOXKJIMIBE ITi]] Yac BCTAHOBJICHHSI Ha JIM3EJSIX CKPYOEpHUX cucTeM ouuieHHs) [21; 22].

DopMyTHOBAHHS Iijel cTaTTi. Y 3B’ 43Ky 3 BUIIEBUKIIAJCHUM METOIO JIOCIIPKEHHS
€ aHaJli3 MOXKIIMBOCTI YNpaBIiHHS €MICI€l0 OKCHJIIB CIPKHM IIISIXOM BHUKOPHCTAHHS
naJivBa 0i0JIOTIYHOTO MOXOJPKEHHS, SIKE CTAHOBIISITH I'JIPOBaHI POCIMHHI MACTHIIA.

Buxkiaaa ocHoBHoro marepiajy. JlocnipkeHHST BUKOHYBAJINCh Ha CIeliaii3oBa-
HOMY MOpcbkoMy cyaHi knacy Container Ship, npuzHadyeHOMY JUIsS TPAHCTIOPTYBaHHS
8480 TEU. CynHo 3xilicHIOBajIO HaBiraiiiHi nepexonu sk Bcepenuni SECAs, Takox
mo3a UMM paiioHamu. Jo Ckiaay JMOMOMIKHOT €HEPreTHYHOT YCTaHOBKU SIKOTO BXO-
JIITH 9OTHPH CYAHOBHX cepeaHboobeproBux amseni Wartsila 6L32. Ilig wac mpose-
JICHHSI €KCIICPUMEHTIB CynHOBI nu3eni Wartsila 61.32 ekcriiyaTyBaiuch Ha MajuBax
HadroBoro noxomkeHHs: DMA20 (y Bunaaky 3HaxoKkeHHs cynHa BcepennHi SECAs)
ta RMG350 (y Bunaaky 3HaxokeHHs cynHa no3a SECAs). 11i nanuBa BUKOPUCTOBY-
BAJINCH SIK OCHOBHI [23; 24]. Sk anpTepHAaTUBHE NMAIWBO (BU3HAYCHHIO BILTMBY SIKOTO
Ha eMICit0 OKCHIIB CIpKHU OyIIM MPUCBSYCHI JOCIHTIPKEHHS) BAKOPUCTOBYBAJIOCH TAJTUBO
HVO — Hydrotreated Vegetable Oil, 1m0 HaiexuTh J0 Kiacy HajnBa 010JOTTYHOTO
MOXOJIXKCHHS, SIKE CTAHOBJIATD TipOoBaHi pocauHHI MacTuia [25; 26]. OCHOBHI Xapakre-
PUCTHKH IaJMB HaBECHI y Tabnuii 1.

Tabmums 1
XapakTepuCTHKU MOTOPHUX NMAJIUB
XapakTepucTuka Mapiea na.tuba

DMA20 RMG350 HVO
I'ycruna mpu 20 °C, xkr/m? 874 912 918
B’s3kicTh nipu 40 °C, Mmm?/c 10,7 342 322
Bwicr cipku, % 0,084 0,42 0,018
KHII/[I:KKE; TEIJIOTBOPHA 3/1aTHICTh, 42630 41110 44370
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KomriekTarlisi maauBHOI CUCTEMHM JM3CIIIB BiJIMOBiajga MPUHIIMIIOBIH CXeMi, 110
HaJaHa Ha puc. 1, IpH IIOMY Ha TAKOMY €TaIli TOCITIHKEHB SK MaJuBO 0i0JIOTIYHOTO
TTOXO/KEHHS BUKOPUCTOBYBaJoch nanuBo kinacy HVO (puc. 1).

Excnmyaraniss qu3eniB BUKOHyBasach y Takui crnoci6. [lin yac 3HaxomkeHHS
CyJHa 1033 CEKOJIOTIYHUMHU paldoHaMHU eKCIUlyaTallis IU3eiiB 3MiMCHIOBaNach Ha
manmuBi RMG350, ske 3Haxoaunock y BuTparaomy tauky 1. Ctan mammea RMG350
(Hacammepen fioro rycTuHa, B’S3KiCTh Ta TEMIIEpaTypa) A03BOJISAB HOTO Momady 10
nanuBHOI anapatypu auszenis 10, 14, 15, 16. Lle 3a0e3neyyBaioch MaJuBHUM HACO-
COM 7 micisl TOJaTKOBOTO OYHIICHHS MaiuBa B nmajuBHOMY ¢GinbTpi 4. KibKicTh
OJTHOYACHO TPAIIOIYMX JU3eliB BU3HAYANACHh 3aJIEKHO BiJl 3araJIbHOTO HAaBaHTa-
JKEHHS Ha CYJHOBY €IeKTPOCTAHIIII0, IIPH IbOMY y Oy/Ib-SKHX BUMAJAKaX HE TepPeBU-
IIyBajIo TPhOX.

[Ti yac 3HAXO/KECHHS CY/IHA B OCOOJIMBUX SKOJIOTTYHUX pallOHAX SKCILTyaTallisl 1u3e-
JIiB 3xilicHIOBazach Ha nanmBi DMA20, sxe 3HaX0quI0Ch y BUTPAaTHOMY TaHKY 2. Bmict
cipku B manuBi cranoBuB 0,084 %, mo 3abe3meuyBano Bumoru Annex VI MARPOL.
ITomaua manuBa DMA20 110 au3edniB 341MCHIOBAIACH TAJIMBHUM HACOCOM & ITiCIIsI {OaT-
KOBOT'O MOT0O OYHUIIICHHS B TAJIMBHOMY (ilIbTPi 5.

KpiMm ykazaHux BapiaHTIB, EKCIUTyaTalil0 JHM3ENIB TaKOXX MOXHa Oyll0 BHKO-
HyBaTH 3 BHUKOPUCTAHHSIM MAaJWBHOI CyMIilli, O CKJIaay SKOi BXOIHMJIO TAJHUBO
RMG350 abo DMA20 ta naauso 0ionorignoro moxomkeHus HVO, saxke cTaHOBISTE

12:©— 14I_@_ 15I_@_16
= %ﬁ% -

Puc. 1. Ilpunyunosa nanusna cxema cyonosux ouzenie Wartsila 6L32: 1 — narugo
RMG350; 2 — naso DMA20, 3 — naxuso HVO; 4, 5, 6 — nanusni ¢pinompu 015
nanue RMG350, DMA20, HVO gionosiono; 7, 8, 9 — naaueni nacocu 01 naiué
RMG350, DMA20, HVO sionosiono, 10, 14, 15, 16 — ouseni, 11 — sumpamomip;

12 — mixpokowmponep, 13 — dozamop
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rigpoBaHi pocnuHHI MacTwia. [Ipu oMy NanuBHI CyMmili, sIKi CTAHOBHJIN TTaJIMBa
RMG350 Ta HVO, BUKOPUCTOBYBAIHCH i Yac 3HAXOIKEHHS CyIHA 103a paho-
Hamu SECAs. [TanusHi cymimr 3 DMA20 ta HVO — nig yac 3HaxomkernHst y SECAs.
[Monaua manua HVO no nu3zenis 3aiiicHIOBajIach NaJMBHUM HAcOCOM 9 micis 1oaT-
KOBOTO OUMIICHHS NanuBa B NManuBHOMY QinbTpi 6. Bmict nanusa HVO y ckiani
cymimreit 3miHoBaBcs B aiama3oni 10...30 % 3a macoro. [lanuBHa cymimi, o ckia-
nanack 3 najuBa RMG350 ado DMA20 ta nanusa 6iojoriunoro moxomkeHus HVO,
YTBOpIOBaJIaCh IJISIXOM jA03yBaHHs manuBa HVO y 3aranbnHuii nmotik nanusa DM
RMG350 a6o DMA20. [1o3yBanHs manuBa Oiosnorignoro noxomkeHHs HVO 3abes-
MEeYyBaJIOCH 103aTOPOM 13, KWl BCTAaHOBIIOBABCS Ha MaricTpali Horo mojadvi 10
KO)KHOTO 3 auseniB. KinpkicTh manuBa OionorigHoro moxomkeHHss HVO y cywimni
3aseskaio Bix Butparu naausa RMG350 abo DMA20, sike KOHTPOJIIOBAaNOCH BUTpPa-
tomipom 11. YpariinHs po6oToro no3aropa 13 manuBa 0i0JIOTYHOTO MTOXOKEHHS
HVO 3a6e3neuyBanocs mMikpokoHTposepoMm 12. Buxopucrtanus cymimi RMG350
a6o DMA20 Ta manuBa Gionorignoro moxomkeHass HVO Oymno MoximBe 11s u3e-
niB 14, 15, 16. Ilpu npomy:

y nuszeni 14 BUKOpUCTOBYBajlach MaJlMBHA CyMilll, sika ckiajganack 3 90 % nanusa
HagToBoro noxomkeras RMG350 abo DMA20 ta 10 % nasnuea Gi0J0riYHOTO [10XO0-
mxenns HVO;

y nuzeni 15 — nanuBHa cymin 3 80 % RMG350 abo DMA20 Ta 20 % HVO;

y auzeni 16 — nanuBHa cymim 3 70 % RMG350 abo DMA20 ta 30 % HVO.
Came Ha IUX JAHU3ENSAX BUKOHYBaJMCh CKCIEPUMEHTANIbHI JOCITIIKCHHS 3 BU3HA-
qyeHHS €()EKTUBHOCTI BHKOPHCTAHHS TMaiuBa OiojoridHoro moxomkeHHs HVO.
Huzens 10 excrnyaryBaBcs BUKIIOWHO Ha manuBi RMG350 abo DMA20, Ge3
BUKOPUCTAHHS MAJIUBHOI CyMilli, 10 CKJaay sIKOI BXOAMJIO MajaHBO 0i0JOTi4HOIO
noxokeHas HVO.

SIx TIOKa3HUWK, 32 SKUM OIliHIOBaBCs BIUTMB TanuBa HVO Ha eKoNOTIYHICTh poOoTH

0,

. S . .
MOPCBKOI'O CyaHa, BI/I6I/IpaJ'IOCL B1THOIIICHHS [ . Pe3y.IIBTaTI/I JOCIIIKECHb HABCICHI1

2
y Tabnuix 2, 3 Ta nmojaaHi Ha puc. 2.

Tabmur 2
SO

2
Co,
ausesiB Wartsila 61.32 Ta 3HaxoxkenHs cyaHa nmo3a SECAs

Binnomenus [ j, ppm/%yV, nig yac pi3HUX YMOB eKCILTyaTamii CyTHOBHX

HaBaHTa:keHHs, Bup nanmpa
% RMG350 | RMG350 (90 %) + | RMG350 (80 %) + | RMG350 (70 %) +
(100 %) HVO (10 %) HVO (20 %) HVO (30 %)
50 17,83 17,04 16,12 14,38
60 18,24 17,28 16,43 14,56
70 18,82 17,56 16,84 14,72
80 19,67 17,93 17,16 15,03
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Tabuui 3

0,

. S . .
Binnomenns ( J, ppm/%yv, nig 4ac pi3HUX YMOB eKcIIyaTanil CyTHOBUX

2
auseniB Wartsila 6L.32 Ta 3naxomx:keHHs cynHa Bcepeauni SECAs

HaBaHTakeHHS Bun masmsa
% | DMA20 | DMA20 (90 %) + | DMA20 (80 %)+ | DMA20 (70 %) +
(100 %) HVO (10 %) HVO (20 %) HVO (30 %)
50 3,48 3,17 2,95 2,72
60 3,72 3,38 3,12 2,88
70 3,93 3,56 3,28 3,02
80 4,08 3,67 3,32 2,97

SO, | ppm SO, | ppm
Cco,) % Cco,) %
21,0

20,0 |
19,0 —‘
18,0 N —|

17,0

16,0 [-Ru -
v

15,0 2 2 | |

14,0

«—50 60 70 —380 N,%

a)

(50,/CO,), =217

o

Puc. 2. Bionowennsa (S:gz j ppm/%v, nio uac pizHux ymMoe eKcnayamayii cyOHo8uUx
2
ousenie Wartsila 6L32:
a — nio yac suxopucmanus nausa RMG350 ma tioco cymiwi 3 nanusom HVO;
6 — nio vac suxopucmannsi naausa DMA20 ma iioco cymiwi 3 narusom HVO;
RM — nanuso RMG350; DM — nanuso DMA20; 1, 2, 3 — cymiw nanuea RMG350
(abo DMA20) ma 10 %, 20 %, 30 % nanusa HVO sionogiono

Bignocue 3meHmenHs emicii SO, mia 4ac BMKOPUCTaHHS HajuBa 010JI0ri4HOIO
MOXO/KEHHS, SIKE CTAHOBIISTH ['IPOBaHI POCIMHHI MACTHIIA PO3PAXOBYETHCS SIK

(SOZJ _(sozj
A(SOZJ_ €O e L0 Jino g0, @60

ol
CO, Juve
&), )
A[SOZJZ COZ DMA COZ Hvo'loo%;
Co, S0,
[COZ]DMA

(302] (302] . [Sozj .
e N — 3HAYCHHA B1JHOIIICHHS 1] 4aC BUKOPUCTAHHA ITaJIuBa
Co, )., \co, ) o,

RMG350 abo DMA20;
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Co,

[SOZJ . (so
— 3HAYCHHA B1JHOIICHHA
HVO

RMG350 abo DMA20 Ta HVO [27].
3a HaBeJCHUM BUPA30M 3 YPaxyBaHHIM 3HaueHb TAOIHIb 2, 3 OTPUMaHI BEJTMUYNHU
BiJTHOCHOTO 3MEHIIEHHS emicii SO, miJ yac BAKOPUCTaHHS NajiuBa 610J0r9HOTO I0X0-
JOKEHHSL, SIKi y3aralibHeHi y Tabnuisix 4, 5.
Ekosiorivna cTifikicTh 3a emiciero SO, 1 yac BUKOPMCTaHHs MajiuBa 6i0N0riYHOro
MOXOJPKEHHSI, SIKe CTAHOBIISITH TiIPOBaHi POCIMHHI MacTHia, MOKe OyTH OIliHEeHa 3a

BHPA30M:

(so2
B AKOMY Co
2

2

Co,

] — 3HAYEHHS BIJIHOIICHHS (
VI

[sozj _[sozj
A[SOZ] — COZ VI COZ HVO-]OO%;

Co, ),

2

2

2] il Yac BUKOPUCTAHHS CyMillli ManuBa

j BIAMOBIAHO A0 BUMOT Annex VI

MARPOL (21,7 ppm/%v mix gac 3naxomkenns noza SECAs Ta 4,3 ppm/%v mix gac
3HaxomkeHHs Becepenuui SECAs) [28; 29].

Po3paxyHKkoBi 3HaueHHS, 10 OTPUMAaHi 32 HABEJICHUMH BHPa3aMHU 3 ypaxyBaHHIM
JMaHuX Tabmwmp 4, 5, HaBeAcH] y TaOmuIsIX 6, 7.

Tabmums 4

iTHOCHE 3MeHIIeHHsT eMicil , Yo, mig u i3HHX YMOB mjyarauii
BignocHe 3mMeHme emicii SO, % ac pi3 OB €eKC aTa
cynHoBuX au3ejiiB Wartsila 61.32 Ta 3HaxomxeHnHs cyana moza SECAs

HaBanTaxeHHs Bu ma.tusa
% >| RMG350 (90 %) + | RMG350 (80 %)+ | RMG350 (70 %) + HVO
HVO (10 %) HVO (20 %) (30 %)
50 4,43 9,59 19,35
60 5,26 9,92 20,18
70 6,70 10,52 21,79
80 8,85 12,76 23,59
Tabmui 5

Binnocne 3Mmenmenns emicii SO,, %, nmig yac pi3HEX YMOB ekcIiIyaTanii
X 9 y Yy
cynHoBux au3enaiB Wartsila 61.32 Ta 3Haxom:keHHs cynHa Bcepenuni SECAs

HaBaHTaxxeHHs, Bun nanuga
% DMA20 (90 %) + DMA20 (80 %) + DMA20 (70 %) +
HVO (10 %) HVO (20 %) HVO (30 %)
50 8,91 15,23 21,84
60 9,14 16,13 22,58
70 9,41 16,54 23,16
80 10,05 18,63 27,21

3a maHuMu Tabmub 6, 7 moOymoBaHi JiarpaMu, 10 HaBeACHI Ha puc. 3.
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Tabnus 6

2

N
Exonoriuna criiikictb A( j 3a emiciew SO, %, mix yac pisHux ymoB

2

ekcryaTauii cyinoBux au3eqiB Wartsila 61.32 Ta 3HaxoI:KeHHsI CyTHA

no3a SECAs
HaBaHTakeHHS Bun nausa
%% ’ RMG350 [ RMG350 (90 %) +| RMG350 (80 %) + | RMG350 (70 %) +
(100 %) HVO (10 %) HVO (20 %) HVO (30 %)

50 17,83 21,47 25,71 33,73

60 15,94 20,37 24,29 32,90

70 13,27 19,08 22,40 32,17

80 9,35 17,37 20,92 30,74
Tabmunsg 7

N

. . SO . . . .

Exonoriuna criiikictb A[ 2 | 3a emiciero SO, %, nix yac pisHux ymon
2

eKcIyaTaunii cytHoBux au3eiB Wartsila 61.32 Ta 3HaX0I:KeHHSI CyIHA

BeepenuHi SECAs
HaBanTaxenus, Bua nanupa
o, DMA20 | DMA20 (90 %) + | DMA20 (80 %)+ | DMA20 (70 %) +
(100 %) HVO (10 %) HVO (20 %) HVO (30 %)
50 19,07 26,28 31,40 36,74
60 13,49 21,40 27,44 33,02
70 8,60 17,21 23,72 29,77
80 5,12 14,65 22,79 30,93

N

. . SO . . .

Puc. 3. Exonociuna cmivikicme A[ 2 | 3a emicicto SO,, %, nio uac pisnux ymoe
2

excniyamayii cyonosux ouzenie Wartsila 6132
a — nio wac suxopucmans naiuea RMG350 ma tioeo cymiwi 3 narusom HVO;
6 — nio uac suxopucmanus naruea DMA20 ma tioeo cymiwi 3 narusom HVO,
RM — nanueo RMG350; DM — nanuso DMA20; 1, 2, 3 — cymiw nanuea RMG350
(ab6o DMA20) ma 10 %, 20 %, 30 % narusa HVO 6ionoiono

BucHoBku. ExciepuMeHTaIbHUME J0CIT1KSHHSIMH, 1110 BUKOHYBAJIMCH Ha CYIHO-
Bux am3eisax Wartsila 6L.32, miaTBepAMIIM MOKIUBICTE YIIPaBIiHHS €MICI€EI0 OKCHIIIB
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CIPKH 3 BHITyCKHHUMH Ta3aMH IIJISXOM BHKOPUCTAHHS IMajluBa Oi0JIOTIYHOTO MOXO-
mxeruss HVO.

Jist manuBHUX cymimei, ski ctanoBwiH 70...90 % manuBa HahTOBOTO MOXOKEHHS
RMG350 a6o DMA20 ta nanusa 30...10 % nanmuea HVO B miana3oHi ekcrutyaraiiii-
HUX HaBaHTaxeHb Ha auseni 50...80 %, Oyno BCTAHOBJICHO 3HMKCHHS €MICii OKCHJIIB
cipku Ha 4,43...23,59 % niz vac 3HaxokeHHs cyaHa mo3a SECAs tana 8,91...27,21 %
Mij] yac 3HaXOoKeHHs cyaHa BeepeauHi SECAs.

VY pa3i BukopucTaHHs Jnuime nanuBa HadToBOro moxomkeHHs RMG350 abo
DMA20 exonoriyna CTiliKicTh MOPCBKHX Cy/ieH 3a eMmiciero SO, mnepeOyBae B MeKax
9,35...17,83 % Ta 5,12...19,07 % BignosigHo. BukopucTaHHs NaJuBHUX CyMillleH, 10
CKJIaJly SIKUX BXOJUTH MaJIMBO OiojioridHoro moxomkeHuss HVO, sike CTaHOBIATH TijI-
pOBaHi POCIMHHI MacTWiIa, 301IbIIYE €KOJOTIYHY CTIHKICTh MOPCHKHX CY/ACH 3a eMi-
ciero SO,. 3HaueHHs [HOTO MOKA3HUKA JUIS PI3HOTO CKIIajly MaJMBHOI CyMilli Ta pi3-
HOT'O HaBaHTaKEHHS Ha Iu3ei mocsrae 3uadens 17,37...33,73 % mig yac 3HaAXOMKEHHS
cynHa no3a SECAs Ta Bukopuctants nanusa RMG350, a rakox 14,65...36,74 % min
Jac 3HaxoJKeHHs cynHa Bcepeauni SECAs ta Bukopuctanns naiusa DMA20.
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Anomauisn

Bcmyn. Excniyamayitina HaoitiHicms ma ()yHKYIOHY8aAHHS OBULYHIE BHYMPIUHBLO20 320-
PSIHHSL HEMOJICIUBE Oe3 CYOHOBUX CUCMEM, OOHIEIO 3 AKUX € cucmema mawenns. Egexmus-
HICMb A HAOTIHICMb cUCmeM MAWeHHs BUSHAUAIOMbCS XAPAKMEPUCTRUKAMU MOMOPHOT
ONUBU, SIKI 3MIHIOIOMbCSL NIO YacC eKchayamayii ousens. JJUchepcHull Cmamn ma HAaseHICmb
OP2AHIMHUX A0 HEeOpeaHiuHuX OOMIWOK Y OMUGI MAKOIC XapaKmepu3yioms CmaH uo2o
KOHMAKMHUX Y36 — YUITHOPOBUX GMYIOK, NOPUIHEBUX Kileyb, BKIAOULIE NIOULUNHUKA.
Koumpons ma ananiz momopnoi onugu cucmem MaujeHHs (K YupKyIAYitHUX, Max i yuuin-
O0pOBUX) € OOHUMU 3 KOMIOHEHMIB OIAeHOCMYBAHHS MEXHIYHO20 CIAHY CYOHOBUX OU3EIS.

Mema 0ocniodcenns — 6USHAUEHHSI MONCTUBOCMIE OTACHOCIYBAHHS MEXHIYHO20 CMA-
HY CYOHOBUX OU3ENI6 30 AHANIZ30M eKCHIYaMAayiiHUX Xapakmepucmux MOmopHoi onueu.

Pesynomamu. J{ocniodxcenuss 8UKOHYBANUCH HA 060X HOMUPUMAKMHUX CYOHOBUX
ousensax 6R26 Wartsila, mawenns yuninoposoi epynu ma KOAHYAMO20 8ala AKUX 3a6e3-
neuysanoch 3a2anbHOI0 YUPKVIAYIUHOW CUCTNEMOIO, 8 SKIl BUKOPUCMOBYB8ANACL MOMO-
pHa onusa Castrol 15W20.

1io yac excnryamayii cyonosux ouzenié noCmynogo nocipulylomuscs XapaKmepuc-
MUKU MOMOPHOT ONUBU, WO BUKOPUCTOBYEMBCA Y CUCTEMT YUPKYIIAYIUHO20 MALYEHHSL.
Lliomeepooicennam yvboeo € 3MeHuenHs 3a2anbHo20 ayiucHo2o uucia oausu (1otal Base
Number — TBN). [Ipomseom excnepumenny 3a2aibHe TyAHCHE YUCLO CYOHOBOL MOMOPHOT
onusu Castrol 15W20 3 nouamrosum 3nauenusm TBN = 14,0 meKOH/2 3a 1000 200un
excnayamayii snusunoce 0o TBN = 10,3...11,2 meKOH/e. [Ipu yvomy nio uac 6iobopy
npob (axi euxonysaaucy kodichi 200 eooun excniyamayii ouseins) CROCmepieanucs oo
5K ROCMYNO06i, max i cmpuOKonooioHi 3MiHU.

bBinvw inghopmayitinum napamempom 0iaeHOCMYEAHH MEXHIYHO20 CIAHY mpuboc-
nonyuens cyOHOBUX OU3eNi6 € WEUOKICMb 3MINU 3A2ANbHO20 YJICH020 Hucia V.. 3a
NeGHULl NPOMINCOK HACY.

Haubinvw inghopmamuenum cnocobom 0iacHOCMY8aHHsi MEXHIYHO20 CIMAHY MpPU-
bocnomyuens cyOHOBUX OU3ETi8 € CNeKMPANbHULL AHALI3 MOMOPHOI ONUBU, AKULL 00380-
JISIE GUHAUUMU 6MICM Y ONUGI eleMeHmis, o XapaKmepuzyioms 3HOC KOHMAKIMHUX
nogepxous ousens — Wear Elements ma enemenmis, wo xapaxmepusyoms 3a0pyonens
onueu — Contaminant Elements. ObmediceHHAM Yb020 MemOody € HeOOXIOHICMb 1020 NPo-
BCOCHHS BUKTIIOUHO ) Oepe208ux 00CIIOHUYbKUX 1AO0PAmopisix, wo 30i1buLye iHmepaa
iH(hopmamuernocmi ma npoOnROPYILHO YboMy NIOBUULYE YAC NPUUHAMMS PIULEHb U000
3MIHU YMO8 eKCyamayii Ouses.

© Pasiunkin P.O., 2025
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Bucnoexu. Yepes 30ie ounamixu sminu Wear Elements / Contaminant Elements ma
WBUOKOCIE 3MIHU 3A2aI6HO20 JYIICHO20 YUCaa V. came weuoKicnb 3MIHU 302a1bHO20
JIYICHO20 PEKOMEHOYEMbCSL SIK RAPAMEMp), 3d SIKUM OOYLIbHO GUKOHY8AMU eKcnpec-0ia-
SHOCUKY MEXHIYH020 CMAaHy MpuboCnoayuelsb OU3eie cyoen MopCbKo2o ma GHympii-
Hb020 600HO20 MPAHCNOPHIY.

Knwwuosi cnosa: oiacnocmysanms mexuiunoe0 CMAHy, 3ad2dibHe JIYICHE YUCTO,
MOPCOLKULL MPAHCROPN, MOMOPHA OTUBA, CYOHOBUL OU3elb, MPUOOCHONYYEHHSL CYOHO-
BUX OU3ETI8, YUPKYIAYIIUHA CUCTNEMA MAleHHS.

DIAGNOSTICS OF THE TECHNICAL CONDITION OF MARINE DIESEL
ENGINES BY ANALYSIS OF ENGINE OIL

R.O. Razinkin
Senior Lecturer of the Department of Engineering Disciplines,
Danube Institute of National University Odesa Maritime Academy, Izmail, Ukraine,
ORCID ID: 0000-0002-5817-7445

Summary

Introduction. Operational reliability and functioning of internal combustion
engines is impossible without ship systems, one of which is the lubrication system. The
effectiveness and reliability of lubrication systems is determined by the characteristics
of engine oil, which change during the operation of the diesel engine. The dispersed
state and the presence of organic or inorganic impurities in the oil also characterize the
condition of its contact nodes — cylinder liners, piston rings, bearing inserts. Control
and analysis of engine oil of lubrication systems (both circulating and cylinder) is one
of the components of diagnosing the technical condition of ship diesel engines.

The purpose of the study — determining the possibility of diagnosing the technical
condition of marine diesel engines by analyzing the operational characteristics of
motor oil.

Results. The research was carried out on two four-stroke marine diesel engines 6R26
Wartsila, the lubrication of the cylinder group and crankshaft of which was provided by
a general circulation system in which Castrol 15W20 engine oil was used.

During the operation of marine diesel engines, the characteristics of the engine oil
used in the circulation lubrication system gradually deteriorate. This is confirmed by
the decrease in the total base number TBN. The total base number of the Castrol 15W20
marine engine oil with an initial value of TBN = 14.0 mgKOH/g decreased to
TBN = 10.3-11.2 mgKOH/g after 1000 hours of operation. At the same time, during
sampling (which was carried out every 200 hours of diesel engine operation), both
gradual and abrupt changes were observed.

A more informative parameter for diagnosing the technical condition of
tribocompounds of marine diesel engines is the rate of change of the total alkaline
number V. over a certain period of time.

The most informative method for diagnosing the technical condition of
tribocompounds of marine diesel engines is spectral analysis of motor oil, which
allows determining the content of elements in the oil that characterize the wear of the
contact surfaces of the diesel engine — Wear Elements, and elements that characterize
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the contamination of the oil — Contaminant Elements. The limitation of this method is
the need to carry it out exclusively in shore research laboratories, which increases the
interval of informativeness and proportionally increases the time for making decisions
on changing the operating conditions of the diesel engine.

Conclusions. Due to the coincidence of the dynamics of change of Wear
Elements / Contaminant Elements and the rate of change of the total alkaline number
Vg it is the rate of change of the total alkaline number that is recommended as a
parameter by which to perform express diagnostics of the technical condition of diesel
engine tribo-combinations of marine and inland waterway transport vessels.

Key words: circulating lubrication system, diagnostics of technical condition,
marine diesel, marine transport, motor oil, total alkaline number, tribocoupling of
marine diesel engines.

Beryn. [Burynu BHyTpimHbOr0 3ropsiaus ([IB3) € HalO1IbII TOMNUPEHUM THIIOM
TEIJIOBHUX ABHUTYHIB, 10 BUKOPHCTOBYIOTHCSI Ha CyIHaX MOPCBHKOro Tpancmopty. B3/
JIM3elli BCTAHOBJIIOIOTHCSL Ha Cy/HAX YCiX KIIaciB Ta MPU3HAYCHHS Ta BUKOHYIOTh (DYHK-
1ii SIK TOJOBHUX, TaK 1 TOMOMDKHHUX ABUTYHIB. [Ipu 1ipoMy iX e(heKTUBHA MOTYKHICTh
TIEPETBOPIOETHCS HAa MEXaHIUHY €HEPTII0 Ta BUKOPUCTOBYETHCS TS 3a0€3MeUeHHS PyXy
CyJ/IHa, 8 TAKOXK TPaHC(HOPMYETHCS B €JIEKTPUIHY SHEPTiI0, sSika HeoOXiHa Ji1st 3a0e3rie-
YyeHHs QYHKIIOHYBaHHS CyJHOBHX CHCTEM, MEXaHi3MiB Ta oonaananss [ 1; 2]. Bogaouac
3 UM eKCIUTyaraliiiHa HaJiiHicTh Ta pyHKIioHyBaHHs /B3 HeMoxInBi €3 CyTHOBUX
CHUCTEM, sKi 3a0e3Ieuy0Th MAIllEHHS Ta OXOJIOJDKCHHS HOTO0 OCHOBHHUX BY3JIIB, O34y
MajJuBa Ta TMOBITPS, BiIBECHHS BUITYCKHUX Ta3iB, aBTOMATHUHE PETYITIOBAHHS Ta Iif-
TPUMaHHSA MIBUIKICHUX pexkuMiB [3; 4]. OaHiero i3 cucteMm, o 3a0e3mneuye nepeideHi
¢byHKLi1, € cucTeMa MalleHHs, sKa 3a0e3nedye Mojady OJMBH 10 AeTaylell HUITiHAPO-
MOPIIHEBOT TPYNH (LMIIHAPOBOT BTYJIKH Ta MOPIIHEBUX KiJIENb), & TAKOXK KOJIiHYATOTO
BaJIy Ta MOETHAHNX 3 HUM JieTaliel pyxy (i JIIUITHAKIB, IaTyHa Ta KperHkondy) [5; 6].

3aye’)XHO BiJl KOHCTPYKIIHHUX ocoOmmBocTe [IB3 MareHHs iX KOHTaKTHHX BY3JIiB
Ta MOBEPXOHH 3a0€3MMeUy€EThCS IBOMA — IUPKYISAIIHOI Ta MWIIHIPOBOIO (JTyOpHKa-
TOPHOI0), 200 OAHI€I0 — JMIIE LUPKYISALIHHOI0 cucTeMamu MamieHHs. [lepmia cxema
(3 1BOMa cUCTeMaMH MAILleHHs1) pealli3yeThCs y CyTHOBUX ABOTAKTHUX JU3EIAX. Y LUX
JU3eIsIX UITiHApOoBa (JTyOpHKaTOpHa) cucTeMa 3a0e3Meuye Mmojavy OJIMBU Ha JI3epKallo
IUTTHAPOBOT BTYJIKA NUISIXOM HOTO BIIOPCKYBaHHS JIyOpPUKATOpOM, IUPKYJISIiHA —
3a JIOMOMOTOI0 LMPKYISLIMHOIO HAacocy IOAAE OJMBY A0 KOJNIHYATOro Basly Ta HOro
MiIIATHAKIB KOB3aHHS. MallleHHsI YOTHPUTAKTHUX JTU3EIB 3a0e3MeuyeThCs ONHIET
3arajibHOI0 CHUCTEMOIO, B SIKWH LMPKYJSLIMHUN HAcOC HarHiTa€ OJUBY A0 TpUOOCIO-
Jy4eHb KOJMIHYATHH Bajl — BKJIQJWII IMiIIMITHUKA, @ MAlleHHs JeTaleld MUIiHAPOBOI
TPyNH 3IMCHIOETHCS Yepe3 po30OpH3KyBaHHSA Ta aepoaWHaMidHui pyx onusH [7; 8].
EdexruBHICT, Ta HamIMHICTP CHCTEM MAaIECHHS BHU3HAYAETHCS XapaKTECPHUCTHKAMHU
MOTOPHOI OJIMBH, SIKi 3MIHIOIOTBCS MiJ 4ac ekciuryarauii amsens. JucnepcHuil cran
Ta HasBHICTh OPTraHiYHUX 200 HEOPraHiYHHMX JOMILIOK y OJMBI TaKOX XapaKTEpPH3YeE
CTaH HOro KOHTAKTHUX BY3JIB — IMJIIHIPOBUX BTYJIOK, TOPLIHEBUX KiJiellb, BKJIAUIIIIB
nipmunauka. KoHTponb Ta aHasi3 MOTOPHOI OJIMBH CHCTEM MalICHHS (SK UPKYIISIi-
HUX, TaK 1 DUJIIHAPOBUX) € OJHUM 3 KOMITOHEHTIB JIarHOCTYBaHHS TEXHIYHOTO CTaHy
cynHoBHX am3enis [9; 10].
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IMocTaHoBKa mMpod/ieMH y 3arajJbHOMY BHIJISAL Ta ii 3B’S130K i3 BaXKJIMBUMU
HAYKOBUMH YM NMPAKTHYHUMH 3aBIaHHAMU. 3a0€3MeUeHHS SKICHOTO MAaIllCHHS TPH-
0OCIONTyYeHb CYJTHOBHUX JH3EIIB € OHICI0 3 BAXIMBUX Ta aKTyaJlbHHUX MpoOIieM, sKa
BHMAara€e CBOIO PO3B’s3aHHS ITiJi 4aC EKCIUTyaTallil JAM3eJiB CylIeH MOPCHKOrO TpaH-
criopty [11; 12]. HaBiTh KOpOTKOYaCHA BiICY THICTB IJTIBKH OJIMBH MiK ITOBEPXHSIMH TEPTS
a0o ii TOMKOKEHHS YW PyWHYBaHHS MPH3BOIUTH O CTPUOKOIIOMIOHOTO 3pOCTAHHS
KOHTaKTHHUX B3a€MO/Iil1, IO MOXKE CTaTH NPUYUHOIO MiABUILIEHOTO 3HOCY, TIOJIOMKH JeTa-
et Ta aBapiitHo1 3ynuHKH nu3ens. [loniOHi HeraTuBHI ABHIAa MOXKYTh BUHHKATH ITiJT 9ac
MaIlleHHSI SIK KOJIIHYaTOro BaJly Ta IMiIIIAITHUKIB KOB3aHHS, TaK 1 ITi/1 Yac MaICHHS [[UJTiH-
JIPOBOI BTYJIKH Ta TIOPIIHEBUX Kinewb [13; 14]. Uepes 1ie BUHUKAE MPaKTUYHE 3aBIaHHS,
SKe TIoJIsrae y 3abe3rneverHi IKICHOTO TPOIIeCy MAaIIeHHs! KOHTAaKTHUX BY3JTiB CYTHOBHX
nu3eniB. [lpu npoMy TiJ MOHATTAM «SKiCHE MaleHHs» PO3yMIiIOTh Take, 3a SIKUM 3a0e3-
[eYy€eThCS MiHIMAJIBHHNA 3HOC KOHTAKTHUX TIOBEPXOHb Ta HAWOUTBII TPUBAJIMH Yac Mija-
TPUMAaHHS EKCIUTyaTalliiHIX MOKa3HUKIB OJTMBH. BU3HAYEHHS [TUX MMOKa3HUKIB MOKITHBE
[UISTXOM KOHTPOITIO CTaHy OJIMBH, SIKa MOTPATLISE JIO MiAIIOPITHEBOTO IPOCTOPY JAU3EITIO
(It MUITIHAPOBUX CUCTEM MAIlleHHS IBOTAKTHUX JIM3€TiB) a00 710 KapTepy An3emro (s
LHUPKYJSIIHHAX CUCTEM MAIllEHHS YOTUPUTAKTHUX Ju3eniB) [15; 16].

AHaJi3 ocTaHHIX JocTaimxkeHb i myOsikamiii. [Ipobrema 3a0e3medeHHs SKiICHOTO
MaIlLIeHHS JieTalel CyJHOBHX JN3EINiB PO3B’SI3YETHCS 3 MOMEHTY X IIMPOKOTO PO3MOBCIO-
JOKEHHS Ta BUKOPUCTaHHS Ha CyTHAX MOPCHKOTO Ta BHYTPIIITHHOTO BOAHOTO TPAHCIIOPTY.
Haiibinbin rocTporo BOHA CTaBajia Iijf Yac BIIPOBAJDKCHHs y cyaHoBuX JIB3 manmsa
3 MiIBUIIEHUM BMICTOM CipkHu (10 3,5 % 3a Macoro) Ta 30ibLICHHS CTYNEHSI HalyBY
(6imemm 3a 3,0...3,5) [17; 18]. Came 3a muX yMOB y MIJIIHAPOBUX CHCTEMaX MAITICHHS
CYJHOBHX JBOTAKTHHX JW3E]IiB BUKOPHUCTOBYBaJach JyOpHKaTOpHa OJIMBA 3 TIiJIBHUILE-
HUM BMICTOM JIy’)KHUX PEUOBHH, a came Tinpokcuay kaiiro KOH. 3aranpHe imy>kHe 9ncio
(Total Base Number — TBN) nux onus gocsiraso 70...100, mo ianosinano Bmicty KOH
B onuBi Ha piBHi 70...100 mr KOH/r onusu [19; 20]. [TocTynoBe 3HUKEHHS BMICTY CIpKH
B maymsi 10 0,5 % Ta 0,1 % 3a macoro (Bignosimuo m0 BumMor Annex VI MARPOL)
cnpusio 3HWKeHHI0O TBN 111 MOTOpHHMX OJIMB, IIO BHKOPHCTOBYIOTBCSI Y CHCTEMax
AJTIHAPOBOTO/TYOPUKATOPHOTO MAIIEHHS CYTHOBUX mu3eniB [21-23]. OmHOwacHO
3 IIUM Y CYTHOBUX YOTHPHUTAKTHUX JHU3EISIX MOYAId BUKOPUCTOBYBATHCS MaMBa 3 TMiJ-
BHIIIEHOIO B SI3KICTIO — TaKi, 110 BignosigaroTh 3HaueHHsIM IFO180 Ta 3romom IFO350.
Lle mpusBesno 10 HEOOXiTHOCTI BUKOPUCTAHHS B IUPKYJSAMIHHUAX CHCTEMaX MAaIleHHS
nux auseniB MotopHux onuB kinacy TBN30 ta TBN40 3 Binnosiguum Bmictom KOH
B omuBi — 30 KOH/r onmuBm ta 40 mr KOH/r onmusu [24; 25]. lpn 11boMy y BCiX BHTAI-
KaxX OCHOBHHMM KPHTEpieM, IO XapaKTepHu3ye Mmepedir mpolecy MalleHHs, BU3HABAIUCH
BMICT MEXaHIYHHX JoMimok Ta 3MiHa TBN omuBu mpotarom gacy. OHOYaCcHO 3 UM
CJIiJT BU3HAUUTH, 10 TIePeOir mpoIiecy MallleHHsI MOKe OyTH OLlIHECHHIA 32 IHTCHCUBHICTIO
(WBUAKICTIO) 3MiHU 1UX BedwduH. [Ipy mbOMY MIBHIIKICTh 3MiHM BMICTY MEXaHIYHHUX
JIOMITIOK y onuBi Ta 3MiHa TBN onuBHM mpoTsroM dacy K MOKa3HUKH, 33 TKHMH MOJKHA
BHUKOHYBATH J[IarHOCTYBAaHHSI TEXHIYHOTO CTaHy CYJAHOBHUX JIM3ETIB Ta 1X KOHTAKTHUX
BY3IIiB, HE € MOIINPEHUM METOZOM, TOMY BUMArae yBard Ta J0CHiKeHHS.

®dopmyiroBaHHS LiIeH cTarTi. Y 3B’A3KY 3 BUIICBUKIIAJICHUM METOIO JIOCIIIKSHHS
€ BU3HAYCHHS MOXKJIMBOCTI JIIarHOCTYBaHHS TEXHIYHOTO CTaHY CYJIHOBHUX JIH3EIIB 3a
aHAJTI30M EKCIUTyaTAIlIfHIX XapaKTePUCTHK MOTOPHOI OJIUBH, & CaMe IIBUAKOCTI 3MIHHU
HOTr0 3arajlbHOro JIy>kHoro yuciia — TBN.
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BukJsiax ocHoBHOTo MaTepiaJy. [lociiKeHHs] BUKOHYBAJIUCh Ha JIBOX YOTHPUTAK-
THUX CYJIHOBHUX jJu3eiisix 6R26 Wartsila, MaieHHs! [HIiHAPOBOI IPYIH Ta KOJIIHYATOTO
BaJa SIKMX 3a0€3MeUyBaJIOCh 3arajibHOI0 LHUPKY/SIIHHOI0 CHCTEMOIO, B SIKii BUKOpPHUC-
ToByBajack MoTopHa onusa Castrol 15W20. Cepen 0CHOBHUX (YyHKIIOHAJBHUX Xapak-
TEPHUCTUK SIKOT BU3HAYMMO: KiHeMaTrndHy B’s3kicTh 3a 100°C — 15,2 c¢Cr, Total Base
Number — 14,0 MrKOH/T.

JlociipkeHHsT CKIIaJalinch 3 JIBOX erariB. [leprinii BUKOHYBaBCsI O€3M0CEPEIHbO
Ha Cy[IHI Ha MOJATaB y BH3Ha4eHHI 3HaueHHs TBN MOTOpHOI ONMBH Micisi KOKHUX
100 ronun ekcrutyataunii qusenis. Jpyruil eran nonsras y HaacuiIaHHI IpoO MOTOPHOT
onuBH, 10 Oyiy BigiOpaHi 3a Taki caMi MPOMDKKH 4acy, SK i Ha MEpUuIoMy erari, 10
OeperoBoi gociigHUITBEKOT Jaboparopii. Hagam came y Hilt BUKOHYBaBCS CIIEKTPaTbHII
aHaJi3 MOTOPHOI OJIMBU 3 METOI0 BH3HAYEHHSI BMICTY METaJeBUX Ta 1HIIUX JAOMIIIOK.
Yci TeXHONOT1uHI TPOIISypPH, IO OB’ s13aH1 3 BUKOHAHHSIM IIEPIIOTO €TaIy, a TaKOXK
CTaTUCTUYHA OOpoOKa Ta aHalli3 OTPUMAHMX PE3YJBTATIB SIK MEPIIOro, TaK i APYroro
eTary BUKOHYBaJHCh aBTOPOM JOCIIIKEHHS CaMOCTiiHO.

CriekTpasIbHUH aHali3 MOTOPHOI OJIMBH, 110 BUKOHYETHCS y OEperoBHX NOCIiA-
HHANBKAX JA00paTopisX Ta € 000B’SI3KOBOIO TEXHOJIOTIYHOIO MPOIEAYPOI0 Tij dac
eKCIuTyarallii JU3eliB CyJleH MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TPAHCIIOPTY,
3a0e3reuye BU3HAYCHHS 0aratb0X KOMIIOHEHTIB, 10 MOTPAIUISIOTH Y MOTOPHY OJIUBY
y pe3ynbTari 3rOpsiHHA HajliBa Ta KOHTAKTHOI B3a€MOAil TpHOOCHIONYYEHb IU3EIs.
HenonikoM cHieKTpajabHOTrO aHaji3y € MeBHa 3aTpPUMKa B OTPUMAaHHI HOTO pe3ysbTa-
TiB, IO TIOB’5i3aHa 3 JIOTICTUYHHUM JIAHITIO)KKOM CYJTHO — JIOCJITHHIIbKA JIabopaTopis
(KM MOTOpHA OJTMBA BiJIMPABIIETHCS 13 CyAHA HA TOCTIKEHHS ), HEMUTTEBUM TIPO-
BEJICHHSIM aHalizy (depe3 BENHMKHH 00CAT MOMIOHHMX ITOCHIKeHb) Ta MOXIIUBICTIO
MOPYIICHHST 3BOPOTHOTO 3B’SI3KYy MIXK JIOCIIHHUIIBKOIO JIA0OpaTOPi€r0 Ta MOPCHKUM
cynHOM (1110, HAmNpHUKIaA, MOXe OyTH 3yMOBJIEHE OCOOJMBOCTSMH HaBiraliiHOro
nepexony). Ha »xanp, 11e Moxke OyTH NPUYMHOI HECBOEYACHOTO NPUHHATTS PillICHHS
3 YIIPaBIiHHSA peKHMaMU MAIeHHS CYTHOBHUX JAU3EIIB Ta OIMIHKH TEXHIYHOTO CTaHy
ioro TpmbocmoIy4YeHb (Hacammepe MOPIIHEB] KNkl — BTYJKA IMIIHApA Ta BKIA-
JUAII ITIITUITHAKA — KOJIIHYATHH Ba).

Yepes 1e SK JOAATKOBHN KPUTEPIiii, 3a SIKUM MOJKHA BUKOHYBAaTH JIarHOCTHKY TeX-
HIYHOTO CTaHy CyJHOBHUX IHU3€IliB, Oyia 3alporOHOBaHAa IIBUAKICTh 3MiHH 3arajbHOTO
nykHoro uncia onuBu VIBN, sika BU3Hauanach 3a BUpa3oM

voo- TBNtH ;TBNW 100;
n tnel

ne: TBN , TBN | —3uagenns TBN y Oynb-skuii Ta y Momnepeii 10 HbOTo 4ac BUMi-

PIOBaHHS;

t,t  —TOTOYHHI (B IKMI BUKOHYETHCS BUMIPIOBAHHS) Ta MONEPEIHIA Yac BU3HA-
uenHst TBN. Uepes Hepenuke 3Ha4eHHs V. 3 METOIO KpaIloi Bisyanizauii wiei Besu-
YHMHU JI0 HABEJCHOTO BUPa3y JOAaTKOBO BBEJICHO crliBMHOXKHUK 100.

Pesynmpratu nmocmikeHb HaBeleHI Ha puc. 1-3 (OJATKOBO BH3HAYMMO, IO iX
00po0OKa Ta aHalli3 BUKOHYBAJIHUCh aBTOPOM AociipkeHHs ). [Ipu mpomy Ha puc. 1 pazom
3i 3HaueHHsME TBN (sike BUMiproBaIoch M1 000X AW3EITiB) HaBeIECHI 3HAYCHHS IIIBHI-

KOCTI HOT0 3MIHHU VTBN.

1
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Ha nHamr morisiji, came MBUAKOCTI 3MiHH 3arajibHOTO JIY>KHOTO OJTUBH € MTOKa3HUKOM,
3a SIKHM MOXKHQ BHKOHYBATH JIarHOCTHUKY CTPHUOKOIOIOHOI 3MiHM TEXHIYHOTO CTaHY
TPHUOOCIIOTYYEHb CYTHOBOTO JH3eIsl. SHAYCHHS 3arajibHOTO JIY)KHOTO YHCIIa XapaKTepH-
3y€ JIUIIE MOXITUBICTD TTOJIABIIOT0 BUKOPUCTAHHS MIEBHOTO 00’ €My MOTOPHOI OJIMBH,
110 3HAXOAUTHCS Y CHCTEMI MAIICHHs, Ta HE HAJa€ JOaTKOBOI iH(popMallii 11010 mpo-
1ecy Horo OKHCIEeHHs Yd 3a0pyQHEHHsI CTOPOHHIMH KOMITOHeHTamu. [ligTBeppkeH-
HAM LBOTO MPHIYIICHHS € aHalli3 BIANOBIAHOCTI 3MiHM V., (dKa pO3paxoByBanach
3a pe3ysbTaTaMH aHalli3y MOTOPHOI OJIMBU y CYJHOBIH J1a00paTopii) Ta CreKTpalbHIH
aHaii3 3a0pyAHEHb, 10 BXOSTH JI0 CKJIAAY OJUBH (SIKM BUKOHYBaBcsS y Oeperopii
JOCIITHUIIBKIH 1abopaTopii).

Ha puc. 2, 3 sk OCHOBHI pe3y/bTaTH CIHEKTPAILHOTO aHalli3y MOTOPHOI OJINBH, IO
BHKOHYBaBCsl y OeperoBiil JOCIIIHUIIBKIN J1aboparopii, HaBeAcHI 3HAYCHHS BMICTY
B onuBi Takux pedoBuH: Al, Cr, Cu, Fe, Sn, Pb, siki xapakTepn3ytoTs 3HOC KOHTAKTHUX
MMOBEPXOHb JIU3EJIsl Ta Hasiexkarh 70 kKareropii Wear Elements; a Takox B, Na, Si, V,
Mo, Ni, siKi XapaKTepu3yTh 3a0pyIHEHHSI MOTOPHOI OJIMBU Ta HaJIeXkaTh J0 KaTeropil
Contaminant Elements. 3aznaunmo, mo kommnoHeHTH Al, Cr, Cu, Fe, Sn, Pb € cknaguu-
KaMH, 1[0 BXOJSATH JI0 MarepiajiB, 3 SKMX BUTOTOBJISIFOTHCS TIOPIITHEB] KibIIs, BTYIKH,
Ta 70 aHTU(OPHUKIIHHUX OararomapoBrX MOKPUTTIB BKJIAUIIIB MiAMIUITHUKIB. Yepes 11e
3a X 3MIHOIO MOXKHA JIIarHOCTYBaTH TEXHIYHUX CTaH IIUX MOBEPXOHb.

TBN, Vs
mrKOH mrKOH/r
roxn ron

13— 0,6 i

12 112 0,4F

T Dl | L 1l i

1 200 400 600 800 1000 ¢, rox 200 400 600 800 1000 ¢, rox

a) 0)
Puc. 1. 3mina xapaxmepucmux momopnoi onueu Castrol 15W20
nio yac excniayamayii cyonosux ousenie 6R26 Wartsila:
1 —ousenv Ne 1; 2 —ouzenv Ne 2; a — TBN,; 6 — VIBN

mr Xy =235
Kr
Mr 2
KT 20
15F
f| |
§~ a Bl =125
g 10f ] — Fe
g E o)
2 <
o C
u
S Al
0 cr Pb
Wear elements 0 Sn
Wear elements
ousenv Ne | ousenv Ne 2

Puc. 2. Buicm mexaniunux oomiwox y momopuiti onuei Castrol 15W20 nio uac
excnayamayii 6 YupKyJIsayiunil cucmemi MawjerHs cyoHosux ousenie 6R26 Wartsila:
1 —nicaa 500 cooun,; 2 — nicasa 1000 cooun
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ur 3= 136,5
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Contaminants Elements

Contaminants Elements

ouzenv Ne 1 Oouzenb Ne 2
Puc. 3. Buicm 3abpyoniorouux oomiutox y momopniu onugi Castrol 15W20 nio uac
excniyamayii 8 YUpKYIAYIUHIN cucmemi Mawjerts cyonosux ouzeinie 6R26 Wartsila:
1 —nicaa 500 cooun, 2 — nicaza 1000 cooun

3icTaBieHHS pe3yNabTaTiB 3 BU3HAYCHHS MIBUIKOCTI 3MIHH 3araJIbHOTO JIY)KHOTO
qucia ONMBM V., Ta KOHIEHTPALlli B OJMBI KOMIIOHEHTIB, 10 XapaKTEPU3YIOTh 3HOC
OCHOBHHX TPHUOOCIIONYYEHb JM3eIsl Ta MOTPAIUISHHS B OJIMBY 3a0pYIHIOIOUHUX KOMITO-
HEHTIB, JI03BOJISIE 3pPOOUTH BUCHOBOK IIIOZ0 iX B3a€MO3B 3Ky Ta MOXJIMBOCTI JTiarHOC-
TYBaHHsI CTaHy CY/JIHOBOTO JIM3€IIsl 32 aHAIII30M MOTOPHOT OJIMBH.

IacTpyKIii Ta pekoMeHarii GipM-BHPOOHHKIB AU3EITIB PETIIAMEHTYIOTh JIUIIIE Tpa-
HUYHO IOMYCTHMHHA BMICT Y MOTOPHIN OJNMBI TTOKa3HUKIB, IO XapaKTePU3YIOTh 3HOC
fioro enementiB. CaMe 3a IMMH 3HAYEHHSMH OIIHIOETHCS TEXHIYHWHA CTaH AM3EIs.
[IpoTe yepes anai3 NIBMAKOCTI 3MIHM 3arajlbHOTO JIyXKHOTO 4UCiIa ONMBHU V., MOXHa
JIarHOCTYBaTH BUHUKHECHHS HECTIPABHOCTEH, OB’ I3aHUX 31 3MIHOIO TEXHIYHOTO CTaHy
CJICMEHTIB TU3eNs, HANPHUKIA, IMiIBUIICHOTO 3HOCY IMOPIIHEBHX KUTEHb (10 MOXE
TIPU3BECTH 110 iX TOJIOMKH), BHIAJICHHIO aHTH(OPUKIIIHHOTO Marepiaay 3 IMOBEPXOHBb
BKJIAJIUTITIB TAMATTHAKIB (110 MOXKE MPHU3BECTH A0 301IBIICHHS MEXaHIYHUX HaIpy-
JKCHB Ta 3aiiBUX MEXaHIIHUX BTpPar).

Ilim gac mocmimKkeHHS KOHTPOIIOBAIUCH Ta MIATPUMYBAIHUCh Y PEKOMECHIOBAHOMY
(hipMOrO-BUPOOHUKOM JTiaIta30Hi BCi OCHOBHI TIOKa3HUKH poOOTH mu3eltiB 6R26 Wartsila
Ta CHCTEM, 110 3a0€3MeUyIOTh 1X (DyHKITIOHYBaHHS.

BucnoBku. ExcruryaTartist cyTHOBUX IU3EIiB HEPO3PHUBHO TIOB’s3aHa 31 3MIHOIO TEX-
HIYHOTO CTaHy iX OCHOBHUX TPHOOCIIONYYCHB, 1O SKUX HAJICKATh MUTIHAPOBI BTYIIKH
Ta MOPIITHEBI KiJBI, a TAaKOK KOJTIHYATHH Baj Ta BKJIAIUII ITiAITAITHAKIB KOB3aHHSI.
JliarHOCTHKA TEXHIYHOTO CTaHy ITMX CJIEMEHTIB MO)Ke OyTH BHKOHAHA 3a aHaJi30M
MOTOPHOT OJINBH, IO BUKOPUCTOBYETHCS B IXHIX CHCTEMaX IUPKYISAIIHHOTO MAIICHHS.
ExcriepumenTanbHi TOCTiHKEHHS, M0 OyM BHKOHAHI HAa CYJHOBHX YOTHPUTAKTHUX
nmzensax 6R26 Wartsila, m0o3BOJSIFOTE 3pOOWTH TaKi BHCHOBKH.

1. AHami3 3MiHH OZHOTO 3 OCHOBHHUX EKCIUTyaTaIlifHUX ITOKa3HHUKIB MOTOPHOI
ommBHu Castrol 15W20 (axuMm € 3arambae mykHe unciio TBN) miarBepanB mpaBuiIh-
HICTh eKCIUTyaTarlii CHCTeMH IHUPKYILSIIIHHOTO MameHHs au3ens. 3HadeHHs TBN 3a
1000 roguH ekcIuTyaTarii Ju3els 3HU3UI0Ch Bij mouatrkoBoi Benmmunan 14,0 MrKOH/r
mo pisag 10,3...11,2 mrKOH/T, mo BiagmoBimae peKOMEHIAIisIM, SKi BHUCYBAIOTHCS
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3 00Ky ¢ipmu-BupoOHuKa. [Ipu mpomy mij yac BijgOopy mpod (sSKi BHKOHYBAJIHChH
kokHi 200 TOIMH eKCIITyaTatii IU3es) CIOCTePIraanuch sIK TOCTYTIOBI, TAKOXK 1 CTpHO-
rxonozioHi 3minu TBN.

2. Slk monmaTkoBWil mapameTp JiarHOCTYBaHHS TEXHIYHOTO CTaHy TPHUOOCIONyUYCHb
CYTHOBUX JIM3€JIiB MOXe OyTH MPUIHSTA MIBUIKICT 3MiHU 3arajIbHOTO JIY>)KHOTO YHCIIa
onuBH V. 32 MEBHUH TPOMiKOK 4acy. Jlns pisuux nmpomikkis gacy (200, 400, ...

. MrKOH/r
1000 rogun) ii 3mina cranosuts (0,41...0,61) —(0,17...0,19) T.

3. HaiiGinbmr iHpopMaTHBHEM CITIOCOOOM J[iarHOCTYBaHHS TEXHIYHOTO CTaHy TpUOOC-
MOJTyYeHb CYAHOBUX AM3ENIB € CHEKTPAIbHUI aHali3 MOTOPHOI OJIUBH, SIKMU J03BOJISIE
BU3HAYUTH BMICT B OJIMBI €JIEMEHTIB, 110 XapaKTePHU3yIOTh 3HOC KOHTAKTHUX TOBEPXOHb
mmsens, — Wear Elements, Ta enemMeHTiB, 10 XapakTepu3yIOTh 3a0pYIHEHHS OJMBH, —
Contaminant Elements. OOMeXeHHSIM IIBOTO METOIY € HEOOXIMHICTh HOTO MPOBEICHHS
BUKJTIOYHO Y OeperoBUX JIOCIIIHAIIBKUX JTaboparopisx, 1o 3011bI1ye iHTepBal iHhopma-
THUBHOCTI Ta MiJABUIILY€E Yac IPUHHATTS PillIeHb 31 3MIHU YMOB €KCILTyaTaLil JU3eIs.

4. Yepes 30ir JUHAMIKY 3MiHU BMICTY B OJIMBI KOMIIOHEHTIB, III0 XapaKTePU3YIOTh
3HOC HOTO TPHOOCIIONYYEHb Ta MOTPAIUISTHHS JIO OJIMBY 3a0pynHIo0unX peuoBuH (Wear
Elements / Contaminant Elements), Ta MIBHIKOCTI 3MiHH 3arajibHOTO JIY>)KHOTO 4HCJIa
ONMBH V., camMe NIBUIKICTb 3MIHH 3araJIbHOTO JIy’KHOTO PEKOMEH/TY €ThCS SIK TIAPAMETD,
3a SIKAM JIOIIIJIFHO BUKOHYBATH €KCIIPEC-IarHOCTUKY TEXHIYHOTO CTaHy TPUOOCIONY-
YeHb JM3ENIB Cy/IeH MOPCHKOTO Ta BHYTPIIIHBOTO BOJHOTO TpaHcHopty. Jlo Takux Tpu-
OocronydeHb HacamIlepea HaJle)KaTh MOPILHEB] KUIbI Ta BTYJIKA IIIIHIPA, a TAKOX
BKJIAIMIN IMAIIUITHUKA Ta KOJIHYATUH Bayl. 301IbIIEHHS HIBUAKOCTI 3MIHH 3arajabHOro
JIY’KHOTO Bi/ITOBI/1a€ 30IBIICHHIO KOHIIEHTPAIII] y OJMBI KOMIIOHEHTIB, 1110 XapaKTepH-
3yIOTh 3HOC CaMe IIUX €JIEMEHTIB In3es.
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Anomauisn

Bemyn. Cmamms npucesuena 6ukopucmaniio arbmepHamueHux naiug 6 CyoOHo8uUx
0BUSYHAX GHYMPIUHBO2O 320PAHHA. A came ananizyemuvcsi poooma cyoHo8Ux OU3ETbHUX
osuzynie na 2iopoouuwieniti pocaunnit onii (HVO) 3 2asoeoto dobaekoio 60onio (H,)
5K CNOCIO 3HUUMU SUKUOU U NOTINWUMU NATUSHY eheKmUBHICMb 6e3 cCYymmeeoi nepe-
0yoosu cyonosoi enepeoycmarnosku. HVO posensdaemvcs sx napaginose 6i0Ho610-
8amHe Ou3zenbHe NAIUBO 3 BUCOKUM YEeMAHOBUM YUCIOM, d 800eHb — K 243084 000a6Ka
V 8nyCcK, wjo Kopueye panui cmadii 3eopaunsn. Mema. Memorwo pobomu € y3aeanvhumu
Oani wodo pobomu ousenvhux osueynie na HVO i npu pobomi na HVO 3 dobaskorw
6oonio (H,) ma oyinumu eniue mManux 4acmox 600HIO HA 3AMPUMKY CAMO3AUMAHMHSL,
Gazysanns 320panns, opmy Kpugoi meniosudinents u maxcumanrvuuti muck. Taxoorc
poszenanymo 3minu BSFC/SFOC, NO, i mgepoux yacmunok. Pezynomamu. Iloxasano,
wo HVO moarce 3acmocogysamucs ik 0CHOGHE NATUBO 30 YMOBU BPAXYEAHHS U020 2YC-
MUHU 8 003VBAHHI, 3a0e3NeYeHHs IMAUYBATILHUX 61ACMUBOCTEl | CYMICHOCTT RATUGHOT
anapamypu. Y pexcumi mononanusa HVO oae cmabinbHiule camo3aiManus ma MeHuLy
OUMHICMb T GUKUOU MBEPOUX YACMUHOK Oe3 NOMIMHUX Mpam NAIUeHOI eKOHOMIYHOC-
mi. [looasanna neeenuxux uacmox H,y 6nyck ckopouye 3ampumky camo3aumManis, mi-
wye CA50 0o BMT i smenwiye ymeopeHHsi caici, aie nioguuye nikogi memnepamypu
il WBUOKICMb HAPOCAHHA MUCKY, wo cnpusic 3pocmantio NO,. Yzaeanvueni pesyiv-
mamu ROOAHO Y GUSISI0T NO20ONCEHUX MAONUYb | MPUSUMIPDHOT NOBEPXHI KOMIPOMICY
«uacmka H,— smina BSFC — suina NOyw», sika 0036014€ 6udinamu oonacmi suepauty ma
pusuxy. Bucnoexu. Pesxcum HVO 3 eazosum 36azauennsm éoonem (HVO-H) eusnaue-
HO SIK MEXHIYHO NePCneKmugne npoMIdcHe piuents 0 CYOHOBUX OU3ETbHUX 0BUSYHIS,
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30amme 3HUNACYBAMU BUKUOU MBEPOUX YACMUHOK [ OUMHICMb 6e3 cymmeeoi empamu
NATUBHOT eKOHOMIYHOCHE 30 YMOBU Y3200M4CEH020 KEPYBAHHS (DA3YEAHHIM 320PSHHS,
NOBIMPSHUM MPAKMOM 1 cucmemamu nicisiodpooxu. Haeonoweno na nompebi 0o62o-
MpuUBanUX 8UNPOOYBAHb HA BETUKUX CYOHOBUX OBUSYHAX I HA cMandapmu3ayii npoyeoyp
bezneunoi pobomu 3 600HeEM.

Knirouoei cnosa: HVO, sooenv, ouzenvruti 0sucyn, cyonosa enepzoycmarnogra, NOx,
meepoi YacmuHKU, eKOHOMIYHICINDG, 320PSIHHAL.
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Summary

Introduction. The article focuses on the use of alternative fuels in marine internal
combustion engines. Namely, the operating mode of marine diesel engines on
hydrotreated vegetable oil (HVO) with a hydrogen (H,) additive is analyzed to reduce
emissions and improve fuel efficiency without significant restructuring of the ship's
power plant. HVO is considered a paraffinic renewable diesel fuel with a high cetane
number, while hydrogen is treated as an intake gas additive that modifies the early
stages of combustion. Purpose. This study aims to summarize data on the operation
of diesel engines using HVO and in HVO-H, mode, and to evaluate the effect of small
hydrogen fractions on ignition delay, combustion phasing, heat release rate shape,
and maximum pressure. Changes in BSFC/SFOC, NO., and particulate matter are
also considered. Results. It is demonstrated that HVO can be used as the primary
fuel, provided its density is accounted for in the dosing strategy and that lubricity and
fuel system compatibility are ensured. In neat-fuel mode, HVO provides more stable
auto-ignition and lower smoke and particulate emissions, with no noticeable loss in
fuel economy. Adding small fractions of H, into the intake reduces ignition delay,
shifts the CA50 towards TDC, and decreases soot formation, however, it increases
peak temperatures and pressure rise rates, which promotes higher NO. formation.
The summarized results are presented as harmonized tables and a three-dimensional
compromise surface, “H, share —change in BSFC — change in NOx, " which highlights
regions of benefit and risk. Conclusions. The HVO operating mode with gaseous
hydrogen enrichment (HVO-H,) is identified as a technically promising intermediate
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solution for marine diesel engines, capable of reducing particulate emissions and
smoke without significant loss of fuel economy, provided that combustion phasing,
the air path, and aftertreatment systems are properly coordinated. The need for long-
term tests on large marine engines and for standardised procedures for safe hydrogen
handling is emphasised.

Key words: HVO, hydrogen, diesel engine, marine power plant, NO., particulate
matter, fuel economy, combustion.

Beryn

CydacHu MOPChKHI CeKTOp mepeOyBae y ¢a3i IHTEHCUBHOTO MEPEXOAY 10 HU3b-
KOBYTJICIICBUX TEXHOJIOT1H, OJIHAK y il CTATTi PO3MIISIHYTO JIMIIE OJIMH 13 MOMXIJIMBUX
MPOMDKHHUX HIIX0AIB — KOH(DIryparis HVO-H, nns cynHOBUX JW3EIBHUX JIBUTY-
HiB. THCK Ha rany3b CTBOPIOIOTH i MIXKHApPOJHI €KOJIOT14HI IpaBuiia (OOMEKEHHS
Ha BUKMIM OKcuJiB a30Ty (NO ), 4aCcTMHOK Ta BUMOTH JI0 €HEProe(peKTHBHOCTI),
1 eKOHOMIYHI (PaKTOPH: MOJOPOKYAHHS TPAAMIIIHUX TaJIUB, 3pOCTAaHHS BUTPAT Ha
BHKOHAHHS €KOCTAHJAPTiB Ta PU3UK BEJIMKHUX 30MTKIB y pa3i €KOJOTIYHHX IHOPY-
wenb. Ha ubomy doni kordirypauis HVO 3 nonasannsm soauio (HVO-H,) Burus-
JIA€ OJTHIEIO 3 peallicCTUYHUX MPOMIKHUX CTYIICHIB «JIeKapOOHi3alii» JuIst CyITHOBUX
NU3ETbHUX EHEPTETUYHUX YCTAHOBOK. Y Tofanbmomy nij kondirypaniero HVO-H,
pPO3yMITHMEMO BapiaHT poOoTH, B sikiii HVO 3anumaerbes € JMHIM OCHOBHUM €HEp-
TETUYHUM TIAJTUBOM, 2 BOJICHb BUKOHYE POJb KEPYBAJIBHOI ra30BOi J0OABKH y BIYCK,
TOOTO «JIBOMAJIMBHICTHY MAa€ EHEPreTUYHO acuMeTpuunuit xapakrep. HVO (rigpo-
reHizoBaHa abo riipoodpobIieHa pociuHHa 0Jis, napadiHoBuii “renewable diesel”
3a cranpaproM EN 15940) 30epirae cymicHicTh THIy “drop-in” (npsiMa 3amiHa 0e3
KOHCTPYKTHUBHOI TepeOy0BH) 3 Cy4aCHUMH CUCTEMaMH AN3EIbHOTO YIIOPCKYBaHHS,
Mae€ MiJIBUINCHE [IETAHOBE YMCIIO 1 HU3bKUI BMICT apOMaTHYHKMX BYIJICBOMHIB [1; 2].
Bozenp, 1110 M01a€ThCsI HEBEIMKUMHU MOPIISIMH Y BITyCKHUN TPAKT, MOXKE IPUCKOPIO-
BaTH TI0YATKOBI CTaJ(ii OKMCHEHHS, 3MEHINYIOUH 3aTPUMKY caMO3aiiMaHHs i IPUTHI-
YyIOUuW yTBOpeHHs caxi [3]. OqHak 3a HaJATO IHTEHCHBHOT'O TETUIOBUIIICHHS Ta Tij-
BUILEHHS MIKOBUX TEMIIEPATYP MOXJINBE 3pOCTaHHs BUKHIIB NO 1 «KOPCTKOCTI»
sropsiHHS [4]. B cBOTO Wepry maHuii mpoIec, BUMarae mijieClipsIMOBaHOTO KEPYBaHHS
¢dazyBaHHsAM mpoiiecy (moJjiokeHHsIM yMoBHOro kyra CAS50), MOroKeHHs pPexu-
MiB HaJIyBy Ta peuupKyisuii BinnpansoBanux razis (EGR), a Takox rpamMoTHOTrO
3acTocyBaHHS cucteM oOpoOku BiampambsoBanux rasis (SCR, DPF) [5].

3arpornoHoBaHe J0CIiHKEHHsI TOKJIMKAaHEe BUKOHATH JIB1 KJIFOYOBI 3a/1a4i. [1epiua mosis-
ra€ y BHOPS/IKYBaHHI B €JMHY METOJOJIOTIYHY CHCTEMY Ta BCEOIYHOMY aHaIli31 HasBHUX
EKCIICPUMEHTAJIBHUX 1 PO3PaxXyHKOBHUX JIAHUX IIOJI0 BIUIMBY JIOMIIIOK BojHIO Ta HVO
Ha 1HJMKaTOpHI apaMeTpH npotuiecy 3ropsiHust [3; 4]. OcoOnuBy yBary npuaiiieHO 3MiHi
3aTPUMKH camo3aiiManHsl, (JopMi i CTPYKTYpi KPUBOI MIBUAKOCTI TETUIOBUIIIICHHS, PO3-
MOAUTY eHEeprii Mi>K PaHHBOIO Ta IMi3HKOIO (pa3aMu 3ropsiHHs, JuHaMiL noka3HuKiB CA 10,
CA50, CA90, MakcuMa bHOMY THCKY B IIMJTIHJIPI, IIBUIKOCT HAPOCTAHHS THCKY, & TAKOXK
CTaOLIBHOCTI LUKIIIB 3a IHAMKATOPpHUMHU Ta 4acTkoBO NVH-xapakrepuctukamu [6; 7].
Jpyra — mosisrae B YCTaHOBJICHHI 3B’SI3Ky MK BHSIBICHUMH 3MiHaMH Ta HaJHBHOIO
CKOHOMIYHICTIO W EKOJIOTIYHUMH ITOKa3HHKaMH 3 YpaxyBaHHSM YMOB MpPaKTUYHOI
inrerpauii pexumy HVO-H, 8 CEV [5; 7]. Tyt BaxnuBuMu € KOHQIrypaiis HautyBy
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1 OXOJIOKCHHS Ha/UTyBHOTO MOBITPsI, MOXIIMBOCTI Ta oOMexxeHHss EGR, po6oTa cucrem
SCR/DPF, BB MiABUIIEHUX TEMIIEPATyP HABKOJIUIITHBOTO MTOBITPS Y TPOIIYHOMY KITi-
Mari, a TAaKOXK BIIMIHHOCTI Mi>K MAaHEBPOBUMH PEKMMaMH 1 YCTaJICHUM XOJIOM Y peiici [8].

IMocTanoBka npodemMu

Meta po0OTH — cHCTeMaTH3yBaTH CydyacHI HAayKOBO-TEXHIUHI Pe3ylbTaTH MIONO0
3acTocyBaHHs TifpoounineHol pocaunHoi omii (HVO) Ta ii moenHaHHs 3 BOJHEBOIO
no6askoro (H,) y CymHOBUX IM3€TbHUX JIBUTYHAX, y3aralbHUTH BIUIMB Ha 3aTPUMKY
camo3aiiMaHHs, (a3yBaHHS Ta JKOPCTKICTh 3TOPSHHS, TaJTHMBHY EKOHOMIYHICTH
1 BUKUAM, a TaKoX c(HOpMyIroBaTH OOMEKEHHsI HAsBHOI €KCIEpHMEHTalbHOI 0asu
Ta HaPsIMH TOAANBIINX JOCIIIKEHb Uil CyTHOBHX YMOB ekciutyatanii. [To-nepuue,
po3misgaoThes nanuBHI BiractuBocTi HVO Ta #oro cymicHicTe 31 cTaHAapTOM
EN 15940: niama3oHW 1IeTaHOBOTO YHCIA, TYCTHHH, B SI3KOCTi, TMTOBEIIHKA 32 HU3b-
KUX TEeMITepaTyp, a TaKOXK BiAMIHHOCTI BiJl MiHEpaILHOTO TU3EIbHOTO TajuBa [1; 6].
OxpeMo aHami3yeThes, SK I BIACTHBOCTI BIUTMBAIOTH HA TiAPOAWHAMIKY CTPYyMEHS
iJ] Yac YMOPCKYBaHHS, MPOLEC PO3MWIIOBAHHS Ta BUIAPOBYBaHHS, TEIUIONPOBi-
HIiCTB 1 TeroeMHicTh nanuBa [2; 8]. [lo-mpyre, OLiHIOETHCS BIUIMB MAJIHUX JOMILIOK
BOJTHIO, 1[0 TTO/IAIOTHCS Y BIYCK 200 MOPTH, HA KIHETHKY Ta TEPMOJMHAMIKY 3TOPSTHHS
HVO. Tyt mikaBisITh 3MIHA IHIAKATOPHUX MTapaMeTpiB, CTAOUIBHICTE TOPIHHS, MEXKi
CTiliKo1 poOOTH 0e3 MPOITyCcKiB 3aiiMaHHs 1 0e3 HagMIpHOTO ITiIBUIIEHHS KOPCTKOCTI1
sropsuns [9; 10]. Ilo-tpere, anamisyerbes cucreMHa interpauis pexumy HVO-H,
y CyAHOBY €HEproyCTaHOBKY: POJIb HaJIyBY Ta OXOJIO[UKCHHS HaATyBHOTO MOBITpS,
PeUMpKYIALiil BiAnpanboBaHux rasis, pooorn SCR/DPF, a Takox momryk komnpomicy
MiX 3amo0iranHsaM yreopenHto NO_(depe3 kepyBaHHs (asyBaHHAM 3rOPSHHS, 0XO-
JIOIKEHHS HAIAyBHOTO MOBITPsI, 3acTocyBanHs EGR) Ta iX momansimoro HelTpaiza-
miero B cucremi SCR 3 ypaxyBaHHSIM peanbHUX MPOQiliB HABaHTAKEHHS CYTHOBHX
nsuryHiB [10; 11]. ITo-ueTBepTe, OKpECTIOIOTHCS ICHYIOUYI MPOTATMHU JOCHTIIKCHD
1 TeXHIYHI MHUTAHHS, SIKI OKU [0 HE JIal0Th MOXKJIMBOCTI BIEBHEHO MacIITa0yBaTH
3actocyBanns pexumy HVO-H, na ¢noti: po6oTa B yMOBaxX BHCOKHX TEMIEpaTyp
Ta BOJIOTOCTI, JOBFOTPHUBAaJIa HAIHHICTG 1 Aerpajalis eIeMeHTIB aJIMBHOI, OBITPsI-
HOT 1 Ta30BiABIAHOI cHCTEM, BiJICYyTHICTh MOBHICTIO YHi()iKOBaHMX METOJUK iHIUKA-
TOPHUX BUMIPIOBaHb 1 EMICIHHUX OLIIHOK, a TAKOXX MUTaHHA Oe3NeKH NmpH 30epiranHi
i mogavi BogHIO Ha Oopty [7; 12].

AHaJi3 OCTaHHIX J0CTiNKeHb i myOrikamiii

I'iapoobpobiene pocnuune nuzenbae nammBo (HVO, hydrotreated/hydroprocessed
vegetable oil) Hanexxuts 10 mapadinoBux “renewable diesel” i 3a cBoer OymOBOIO
€ CyMILIIIIO HOPMAJILHUX Ta i3onapadinis npudmusHo aianasony C —C, 3 qyke Maaor0
KUTBKICTIO apOMaTH4HUX CIIONYK 1 HyJbOBUM BMicToM cipku [1]. Taka XimiuHa CTpyK-
Typa MajruBa BHOCUTH HOTO y 30HY BUCOKMX 3Hau€Hb LIETAHOBOTO YHUCIIa 1 pOOUTH MpPO-
Lec camo3aiiMaHHs OUTbIN MepedadyBaHiM Ta CTa0UIbHUM [2]. i IU3eIbHUX IBUTY-
HiB 1€ 0COOJIMBO BaXJIUBO, TOMY 1[0 MOMEHT 3aliMaHHs i XapaKTep PO3BUTKY 3rOPSHHS
BH3HAYAIOTh HE TUTHKU IHAMKATOPHI IMapamMeTpH, a i piBeHb BUKHUJIIB.

Y nopiBHSHHI 3 TPAAUIIHHUM TU3ETHLHIM aTuBoM 32 HopMamu EN 590 HVO 3a3Bu-
yait Ma€e Hmxkuy ryctuny (npu 15 °C nopsinky 0,77-0,79 kr/in) i KiHeMaTU4Hy B’ SI3KIiCTh
y poOo4yoMy Jiara3oHi CUCTeM YIOpCKyBaHHs 0yin3bko 2—4 mm?/c ipu 40 °C [2]. Llera-
HOBe uncio mist HVO, sk mpaBmito, 3HaX0MUThCS nech y Mexkax 70-90, To0To 3HA4HO
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BHIIIE, HI)K Y 3BUUAHOTO AM3EJIbHOTO MaiKBa [9]. 3 TOUKH 30py €HEPrOEMHOCTI BayKJIUBO
PO3pI3HSITH JIBa PIBHI: MacoBHit 1 00’eMHui. MacoBa Huk4a Teruiota 3ropsHast HVO
ONHM3bKa 10 «CTaHAAPTHOTO» JTU3EIIs, IPOTE Uepe3 MEHIIY T'YCTHHY, €HEeprii B OHOMY
nitpi Tpoxu menie [10]. YV npakTHuHOMY IUIaHi e 03Ha4aE, 0 CUCTEMH, SIKi 103YIOTh
NaJIMBO «3a 00’eMoM» (BUTparoMipH, KapTorpadist BUTpaTH MajuBa Ha BaJlo-TeHepa-
TOPHUX PEXHUMax), OyIyTh Uy TIIMBUMH JI0 3MiHU TYCTHHH, TOJI SIK CACTEMH 3 MACOBUMH
BUTpaToMipaMu OyIyTh MEHII Yy TIHUBUMHU.

Exonoriuno HVO sk ocHOBHE nanuBo, 3a HE3MiHHHUX TapaMeTpiB HAAyBYy W Kepy-
BaHHJ, 3a3BHYall Ja€ MOMITHE 3HIKEHHSI TUMHOCTI Ta PM 0e3 BiguyTHOI BTpaTH €Ko-
HOMI4HOCTI; peanbhuii epext no NO 1 BSFC cyTTeBo BU3HAa4a€ThCs HATAIITYBAHHAMI
nanuBonofadvi, HaaryBy Ta EGR [4; 5; 11].

Bukopucranss BOIHIO K 100aBKH y AW3EIbHOMY ABUIYHI 3 3allaJIbHUM YIIOPCKYBaH-
HM HVO posmisimaeTsest sIK Crocid MOCHINTH PaHHI CTadil OKUCHEHHS: IMAPOKI MEXi
3aMHCTOCTI, BUCOKA MIBUAKICTH TMOIIMPEHHS MMOYM ST Ta HU3bKA SHEPTis 3arajcHHS
pobnsate H, edextnBHuM npucKoproBadeM npemikcoBanoi (asu ropinus [12]. Ile, sx
MIPaBUIIO, BEE 70 CKOPOYEHHS 3aTPUMKH camo3aiMaHHsA, 3MmimeHHs CAS0 6mmkue 10
BMT, Bupa3Himoro «Imiky» TEIUIOBH/IICHHS Ta 3MEHIICHHS YTBOPEHHS CaxKi i BUKHJIIB
CO/HC, ane pa3oMm i3 TUM — 110 TTi/IBUILICHHS TTIKOBUX TeMIIEparyp, 3poctanns NO_ i xop-
CTKOCTI 3ropsiHHS uepe3 Oinbimit dp/de [14]. OCHOBHUMU JiarHOCTUYHUMH KPUTEPIsIMA
3anumaroThes nojokeHHss CAS0, MakcuMaibHa IMBHIKICTE HAPOCTAHHS THCKY, (Gopma
KpHBOI TETUIOBUAIIICHHS Ta TeMieparypHi inankaropu (TBiam, OLiHKK MIKOBUX TEMIIEpa-
Typ y umninapi) [3; 12]. Skuio kepyBaHHS IBUTYHOM aJaNTOBaHE Tak, 00 yTPUMYBaTH
CAS50 B ontuMaibHil 30H1 i 0OMexyBatu dp/de i p, ., HeBenuki 1o6asku H, MoxyTh
3a0e3reuyBaTi 3HWKEHHS 200, MPUHANHMHI, BIICYTHICTh MOTIPILICHHS MMTOMOI BUTPATH
TMaJIMBa MPH iICTOTHOMY 3MeHIIeHHI PM; 3a BiICyTHOCTI Takol ajarnTariii BUTpar 1mo caxi
4acTO HiBEMOETCS 3pocTanHsaM NO , )KOPCTKOCTI Ta PUSHKIB IS HaiiHOCTI [14].

Jiist oy cTUMHUX KOHLIEHTPALii BOJHIO y BEIUKOIa0apUTHUX JU3EIIbHUX JBUTYHAX
IHIMKATOPHI JiarpaMyu 3MIiHIOIOTECS TOCUTH OUiKyBaHO [12]:

* BHTOPSHHS mannBa i TerutoBuaineHHs: CAS0 3MimnTyeTbes y 61K MEHITUX KYTiB,
MaKCHMaJTbHA IIIBUKICTH TEIIOBUIICHHS 3POCTAE, TPUBATICTh OCHOBHOI (a3 TOpiHHS
CKOPOUYETHCS;

* KOPCTKICTH POOOTH: 3pOCTaHHS dp/d(p Maiixe 3aBKIU MPOSIBISIETHCS Y TTiIBU-
IIEHHI CTPYKTYPHOI >KOPCTKOCTI i IIymy;;

* NO,-PM: Bukumu PM 3MeHIIYIOTHCS Yepe3 Kpalle OKMCHEHHS 3aJIMIIKOBOIO
TOPiHHA i 3MEHIIECHHS XOJIOAHUX 30H, Toxl sk NO HaMaraeTbcs 3pOCTaTH, B pasi Bil-
cyrHocti EGR, OutbIin riiOOKOTO OXOJIOKEHHS HA/ITyBHOTO MOBITPs uu Kopekiii SOI,
VGT, THCKy B peiiri.

Cuiji 3a3HaYUTH, 1110 HaBE/ICHA allPOKCUMAIlisl Ma€ 1TFOCTPaTUBHUM XapakTep 1 Bij100-
pakae y3araJibHeHi TeHJCHLIi 32 0OMEXEHOI0 BHOIPKOIO JaHMX. 3a Takoi KiJIbKOCTI
TOYOK MOXKJIMBI albTepPHATHBHI alpOKCUMYIOUi OBEPXHIi 3 MOPIBHSHHOIO MOXUOKOIO,
a peanpHi OararodakTopHi npouecu GpopMyBaHHS EKOHOMIUYHHUX Ta €KOJOTTYHHUX ITOKa3-
HUKIB 3TOPSIHHS, SIK PaBUJIO, MAIOTh HENiHIMHY MPHUPOY 1 3alIe)kaTh BiJl KOHCTPYKIIIT
JIBUTYHA, HAJIAIITYBaHb MAIMBOTIOAAY1, HAJIIYBY Ta yMOB BUIIPOOYyBaHb. ToMy KiJIbKiCHI
BHUCHOBKH 32 Pe3y/IbTaTaMH alpOKCUMalii CJIiJl TpaKTyBaTH sIK IONEepesHi, a He sSIK YHi-
BepcallbHi 3aKOHOMIPHOCTI.
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Pucynox 1. IInowunna anpoxcumayiss KOMIPOMICY MidiC 4aCMKOI0 BOOHIO, 3MIHOI0

numomoi eghekmuernoi sumpamu naruea ABSFC ma 3minor eukudie NOx, ANO, Ons
pedxcumiec HVO-H , (azpecosani dani nimepanmypu).

I'padik Ha puc. 1 y3araipHIO€ KOMIPOMIC MiXK 9aCTKOIO BOJHIO, IO JOAAETHCS JI0
HVO, 3miHo0 tuToMoi eeKTHBHOI BUTPATH MaluBa Ta 3MIHOIO KOHIEHTpallii BUKH-
niB okcumiB azory [13]. [To oci X BinkiajeHO eHEpPreTHYHy 4acTKy BOAHIO (Big O 10
15 %), mo oci Y — 3miny nutomoi edpextuBHoi BuTparu naiuBa ABSFC y BimcoTkax
BiJiHOCHO Oa3oBoro pexumy Ha HVO 6e3 BojiHIo, 110 0Ci Z — BIANOBIHY 3MiHY BUKHUJIIB
NOy, ANOy y BigcoTkax. Touku Ha MOBEPXHI BiJIIOBIIAIOTh y3arajlbHCHUM JIITEPaTyp-
HHM JIaHUM JIUIs Pi3HUX PiBHIB 30aradenns H,, a HamiBIpo3opa MmiomMHa € ix JIiHiiHO0
anpoKCUMAILII€T0, SIKa BiToOpaxkae rodanbHy TEHACHIIIO 3MiHU MOKa3HUKIB y TPOCTOPI
«H, — exonomiunicts — NOw» [12].

3 HaBeneHOro rpadika BHIUIMBAE, MIO 31 3POCTAHHSIM YacCTKH BOJHIO TPAEKTOPIS
poOOYMX TOUOK 3MIIy€eThCsl OfHOYacHO B Oik 3MmeHImieHHs ABSFC Tta 30imbiieHHs
ANOy. IHmyumu cloBaMHu, HaBiTh BiJIHOCHO HEBENMKI €HEPreTWdHi aomimku H,
(TOpsAKY KiMBKOX BIJICOTKIB) Y HassBHUX arperoBaHMUX JAHHUX CIIOCTEPIraeThCsl TEHICH-
List 10 3MEHIIEHHS MUTOMY BHTpPATy MaJlWBa, ajie OJHOYACHO (iKCYETHCS 3pOCTAHHS
yrBopeHHst NOy, 63 BUKOpHCTaHHS AONATKOBHX 3axo/iB. [InomuHa Ha puc. 1 mokasye,
IO Lei KOMIPOMIC HOCUTh CHCTEMHHUH XapakTep: JUIs OIBIIOCTI peaizaliil pexxumy
HVO-H, mepexin no «surignimmx» 3 Touku 30py BSFC oGmacreli Hemumyde
MOB’sI3aHUM 13 pyXoM y 30HY mifBumeHnx BUKHIIB NOy. Takuii ¢opmar momaHHS
JI03BOJISIE B TIOABIIOMY HaKJIaJaTd Ha Ty X IUIOMIMHY OOMEXEHHS 3a HOpMaTHBaMH
BHUKHIIB 1 norryctuMumu Mexxamu ABSFC, Businsiroun o0macri, fe HVO-H, e TEXHIYHO
Ta €KOJIOT1YHO MPUHHATHUM PILICHHSM JUIS CYTHOBUX AU3EIbHUX JIBUTYHIB [5].
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CHCcTeMHO BUKOHAH1 EKCTIEPUMEHTH MalOTh He POCTo (pikcyBaTH 3MiHY (OPMHU KpH-
BHX, a 1 TIOB’SI3yBaTH I1i 3MIHM 3 KIHIICBUMH TOKa3HWKAMH ITATOMOI BUTPATH TaINBa,
xonuentpauii NO , PM 3a dikcoBanux ymoB: 3a/1aHi 4acToTa 00epTaHHs, e(EKTUBHE
HaBaHTa)XEHHS, OJIKoe(ilieHT HAUIMIIKY NoBiTpsl, piBenb EGR, Temmneparypa Ta Tuck
HaJyBHOTO MOBITps. J{jIst HOpiBHAHHS Oa’kaHO MOJaBaTH HOPMOBaHi 3MiHU BiTHOCHO
6azoBoro HVO-pexumMy y BiJIcOTKaxX, TOOTO MOKa3yBaTH, Ha CKLIBKH BiJICOTKIB 3Mi-
HIOKOTHCS BULIIEBKA3aHI BEMYMHY MIPH Tiepexoi 1o pexxumy HVO-H, [4].

@opmyaoBaHHA Hijeil crarti. 3 ypaxyBaHHSAM BHKIIQJCHHX IIEPEIyMOB MeTa
CTaTTi MOJIATae B MOYATKOBOMY CHCTEMAaTHYHOMY orsii pexumis HVO ta HVO-H,
JUIS TU3ENIbHUX JBUTYHIB, OJM3BKUX JIO CYIHOBHX 1 CTalliOHAPHUX CEperHbOOOEpPTO-
BUX YCTaHOBOK. J[Js TOCSTHEHHS 1i€l METH BUPILIYIOThCs Taki 3aBmpaHHs. [lo-mepe,
Ha OCHOBI JIOCTYITHHX CKCIIEPUMEHTAIbHUX 1 MOJCIBHHUX JIOCIIKCHb y3aralbHUTH
nani po BiactuBocTi HVO sk mapadhiHOBOTO AM3EIHHOTO MMAJIMBa, HOTO CYMICHICTS i3
Cy4aCHHMH CHCTEMaMH YIIOPCKYBaHHs Ta XapaKTepHI 1HIUKATOPHI i eMiCiiiHi edexTn
npu poOOTi ABUTYHA B pexuMi MOHonanuBa. [lo-npyre, y3aralsHUTH pe3ylbTaTH 040
BIUIMBY MaJIUX AOMIIIOK BOJHIO, IO MOJAETHCS Y BIYCKHHI TPaKT, Ha 3aTPUMKY CaMmo-
3aiitMaHHs1, (hazyBaHHsI TEIIOBUIICHHS, MAKCHMAIbHUH THCK 1 IIBUJIKICTH HOTO HApOC-
TaHHs, a Takoxk Ha 3MiHM BSFC, NOy i PM. Ilo-Tpete, mokasatn MOXKIUBICTE YHi(i-
KOBAHOTO TIOAAHHS IIMX PE3YIbTaTiB y BUIVISII MOPIBHUIBHUX TAOJHIG 1 CIIPOIIEHOT
TPUBHUMIPHOI MOBEpXHi KoMmpomicy «uacTtka BogHio — ABSFC — ANOy», sxa 1o3Bo-
JIsie BUSIBUTH THIIOBI 00NacTi BUrpamry i pusuky. [lo-ueTBepre, Ha OCHOBI OTpUMAaHUX
y3arajbHEHb OKPECIHMTH MOXKIMBI cleHapii inTerpauii pexxumy HVO-H, no cknmamy
CYIHOBHUX €HEPTreTHYHUX YCTAHOBOK 1 HAHOIIBII CYyTTEBI MPOTAJIMHH, 10 TOTPEOYIOTh
IMOJAJIBIINX ITHOBUX JIOCIIKEHbB.

Bukiaa ocHoBHOro marepiaiay. ExcnepuMmeHTasibHI OCHIIKEHHS PEXHMIB
HVO-H, BkI104ar0Th aHami3 iHAMKATOPHMX JiarpaM i HOXiJHUX BiJl HUX XapakTe-
PUCTHUK TEMJIOBHIIICHHS, OCKIJIbKM came 3a (opmoro kpuBuX p(¢) ta HRR Haii-
OiBIII TIOMITHO MPOSBISEThCS BIUIMB BoAHIO [3]. Ha ¢doHi 0a3oBoro pexumy Ha
HVO wmaitxe BCi poOOTH (iKCYIOTh CKOPOUYEHHS 3aTPUMKH CaMoO3aiiMaHHS 1 3Mi-
meHHs neHTpy teminoBuginenns (CAS50) Onmxue 10 BepXHBOI MEPTBOI TOYKH, LIO
CBIIYUTH MPO MOCUIICHHS MIpeMikcoBaHOI ¢a3u ropinHa. Lle cynpoBomKyeThCs 3poc-
TaHHSIM MaKCHMaJIbHOT MIBUJKOCTI TEIJIOBUIUICHHS 1, Y YaCTUHI BUIAJKIB, ITiJ{BH-
HICHHSIM MaKCUMaJIbHOT'O TUCKY B IIMJIIHJIPI Ta )KOPCTKOCTI poOOTH ABUTYHA. Y po0o-
Tax [3; 6; 7] mi1s KiTbKICHOT OIIIHKH 3aCTOCOBAHO OJHO30HHI METOIUKH BiTHOBIICHHS
HRR 3a ingukaropanm curnanom, BuszHadatote CA10, CA50, CA90, cepenHiii iHan-
KaTOPHUH THCK, KOHTPOJIOIOTh TPaJi€HT THUCKY dp/d¢ sSIK iHTETrpajJbHUH MOKa3HUK
NVH-naBanraxenss. [Ipy 1poMy 3aBKId MOCTae MUTAHHS KOPEKTHOI (inmprparmii
CUTHAJIy THUCKY, 00 BiJICIKATM BHCOKOYACTOTHUHU IIYM, MOB’SI3aHUN HE 3 XIMIYHOIO
KIHETHKOIO, a 3 BIOPOAaKyCTHKOIO CHCTEMHU. XapaKTep 3MiH BHSBISIETHCS UYTIMBUM
JIO BiJIMOBIHUX TIApaMeTPiB PeKUMYy POOOTH YCTaHOBKH: HAaBaHTAXKEHHS, Koeilli-
€HT HaJUIMIIKY TOBiTps, piBeHb EGR, Temmneparyp Ta Tuck HagmyBHOTO moBiTps. Ha
YaCTKOBMX HABAaHTa)KEHHSIX NMPH 3aHWKEHIN TeMIepaTypi HaJJyBHOTO HOBITps 3poc-
TaHHS MIBUAKOCTI TEIUIOBUIUICHHS HE 00OB’S3KOBO MPHBOAUTH JI0 BUXOIY MaKCH-
MaJbHOTO THUCKY B HIJIIHApP] (pPmax) i MaKCUMaJbHOI IIBUAKOCTI HAPOCTAHHSA THUCKY
((dp/do),_, ) 3a KOHCTPYKTUBHI OOMEKEHHS, TOMI K Ha OJMM3BKHUX JO HOMIHAJIBLHUX
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HaBaHTKEHHSIX 0e3 Kopeklii (azyBaHHs YIOPCKYyBaHHS Ta IMapaMmeTpiB HaJIyBY
HaBITh NOMIpHI 100aBKK H, MOXyTb «BUIITOBXHYTH» IBUTYH Y 30HY HaJIMIPHOT JKOP-
CTKOCTI Ta meperpisis [13].

i >k 3MiHM QOPMHU 3TOPSHHS TA TEMIIEPATYPHOTO MOl BHOCSTDH BIUIMB HA TAJTUBHY
E€KOHOMIYHICTh 1 BUKUH [4]. SIKIIO Jy1st 3a1aHOTO JBUTYHA BaeThes yrpumar CAS0
B MeXax ONTHMaJbHHUX 3HaueHb (KilbKa rpaayciB miciss BMT), oOMexuTu npupict
dp/d¢ i He 10Ty CTUTH HAAMIPHOTO 3pOCTaHHs Pmax, TO koMOinauis HVO-H, gacto nae
abo HeWTpanbHUH, a00 TTOMIPHO TTO3UTHUBHUN BILUTUB HA MTUTOMY e€()EeKTHBHY BUTpPATy
nanuBa. lle BigOyBaeThcs 3aBASKH OLNBII KOMITAKTHOMY Ta «YHCTOMY» TOPIHHIO
3MEHUIYIOTHCS BTPATH B Mi3HIN (a3l il MOKpally€eThCsl BAKOPUCTAHHS €HEPTii majnBa.
[Ipu ubOMYy MPaKTUYHO 3aBKIM (PIKCYIOTh ICTOTHE 3HWKEHHSI AUMHOCTI Ta BUKHIIB
TBEPIUX YACTUHOK, a Takok CO 1 HEe3ropiaux BYIJICBOIHIB — II€ MPSIMHUN HACIITOK
TOTO, 110 BOJCHB HE MICTHUTH B cCOOi BYIVICIIO JJIS MOSBHM Caxi i MOKpAITye YMOBH
OKMCHEHHS B XOJIOJHMX Ta MepeoOTsHKeHHX 30Hax. B Toi xe wac mono NO,  kap-
THHA OYiKyBaHO TipIia: MiJBUIICHHS JIOKAIbHUX MIKOBUX TEMIIEpaTyp 1 IPUCKOPEHHS
MoYyaTkoBOi (ha3u 3ropsiHHs 0e3 3armo0iKHUX 3aXO/iB MPHU3BENIE A0 3pOCTaHHS YTBO-
penns tepmignoro NO . Tomy B GibIIOCTI €KCTIEPUMEHTAILHUX TIPOTPaM J01aBAHHS
H, po3misaeThes He K «CaMOIOCTATHE» PIICHHS, & K eJIEMEHT KOMIUIEKCY, JI€ 3HHU-
KeHHst PM jiocsAraeTbes caMuM XapakTepoM 3ropsiHHs, a napamerp NO KepyeTbes
MOE€THAHHSM PEIHUPKYIIAILIi, TOTINOISHOTO OXOJIO0KEHHS Ha/ITyBHOTO TTOBITpPS, KOPHU-
TyBaHHS KyTa BUIIEpEKEHHS BIOPCKYyBaHHs NaiuBa, 3actocyBanHsaM SCR [10; 11].
V BunajKy, KoM KepyBaHHs 1ia H, He anantyroTh, HEPIAKO (BiKCYIOTh MOTipIICHHS
MMOKa3HWKIB BUTPATH MajuBa dYepe3 BIAXIJA BiJ ONTUMAIHHOTO MPOQITI0 TETUIOBU-
nimenus: HaaTo panHid CAS0 i 3aBenukwmii PRR migBumryoTs BTpaTd, a BUTpAII 110
PM nocsraeThes 1iHOW €KOHOMIYHOCTI Ta pecypey. CaMe ToMy It MDKITOPiBHSHHS
PEe3yNbTaTiB BaXJIMBO IOJABAaTH HE Tinbku abcomotHi 3Havenns BSFC, NO , PM,
a ¥ 1x BigHOCHI 3MiHH 111010 6a30Boro HVO-pexumMy y BiJIcOTKaX MpH 4iTKO 3adikco-
BaHMX Tapamerpax asuryna n, Ne, A, EGR, T, p,.

B icuyrounx CEVY mi «mokanpHI» ePeKTH Ha piBHI MIUTIHIApPA HE MOXKHA PO3TIIA-
JIaTH BiipBaHO BiJl CHCTEM HAJYBY, OXOJOJKEHHS W MicasioOpOOKH, a TaKoXK BiJl
3arajibHOT apXiTEeKTYPH MaTMBHO-Ta30B0i YacTUHU. TypOOKOMIpecOpH 3 KEPOBAHOIO
reOMETPIEI0 JIOMATOK, ABOCTYIEHEBI CXEMH HaJAyBy Ta KEepOBaHi OXOJOIKyBadi
HaJyBHOTO TOBITPS SBJISIOTHCS THUM CaMUM 3ac000M, 32 JOTIOMOTOIO SIKOTO MOXKHA
chopmyBaTH Taki TeMIEpaTypHO-TEIJIOBI YMOBM Ha BIYCKY, OO IMKOBI TEMIIE-
parypu B nmmiaapi i ¢opma HRR 3anmumanucs B mOomycTHMHX MeXaxX MpH HasB-
nocti H, [11]. EGR, y cBoro 4epry, nae MOKIUBICTB «3pi3aTu» yTBOpeHHs NO
e Ha cTajii OCHOBHOTO ropiHHs, Toli ik SCR Oepe Ha cebe 3aMIIKOBI OKCHUIU
asory; s PM, maBnaku, HVO-H, no3Bonse sMenmuTu HaBaHnTaxeHHs Ha DPF
1 ONTUMI3YBaTH pexuMu percHepaiii. Ha mpoMy HakiiagaeThesi cieudiaHuii cym-
HOBHH KOHTEKCT: BUMOTH 710 O€3MeKH MpHW BUKOPHCTaHHI HU3BKOTEMIIEPATypHHUX
MajivB, 3aCTOCOBHICTh MiaxoxaiB, moAioHux no Komekcy IGF, HeoOXimHicTh mpo-
xomkeHHs: npouenyp “Alternative Design” 3a SOLAS, nmpaBunbHe po3MilIeHHS
OanoniB abo KpioreHHux cucreM 30epiranHs H, 3 Touku 30py HOCTymy, 3aXHCTy
BiJI MEXaHIYHUX YIIKOJIKECHb, BEHTHJIAIIT Ta 30H kinacudikaiii. MamuHHe Bijiui-
JICHHS — CKJIQTHUH 3 OISy Ta30BO1 O€3IIeKH IPOCTip, A€ BOJACHB, Oyaydn Habarato
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JIETIIUM 32 TIOBITpSI, HAKOIIMUYETHCS Y BEPXHIX 30HAX; OT)KE, CXEMH BEHTHIIALIT,
pO3TallyBaHHS JaTYMKiB, aJTOPUTMHU aBapiifHOTO BiJICIKaHHA TOJadi Ta MPOBITpPIO-
BaHHS MalTh MPOEKTYBATUCS OJ[pa3dy 3 ypaxyBaHHSM BOJHIO. Y MiJICyMKy iHTe-
rpauis HVO-H, y CEY — ne He TiJIbKM NUTaHHS iHAMKATOPHHUX Jiarpam i Kapt
BSFC-NO —~PM, akoMIuIeKCHa 3a/1a4a CyMiCHOTO HAJTAIITY BAHHS 3TOPSHHSA, HA Y BY,
EGR/SCR/DPF, nanuBHo-ra30B01 iHQpacTpyKTypH i mporeayp 0e3rneqHoi eKcruy-
aTanii, mpuIoOMy 3 OTJISJIOM Ha peajbHi Mpod il HaBaHTaKEHHS i KJIIMaTHYHI YMOBH
peiiciB. Came depe3 Takud MiJXiJ €KCIIEPUMEHTaJbHI CIIOCTEPEIKEHHS 3TOPSHHS
MalOTh THTEPIPETYBATUCS HE BHOKPEMJICHO, a y MPHUB’S3I1 J0 TOr0, HACKIIBKH
OTpUMaHI PEKUMU € KUTTE3NATHUMU JIJISl TPUBANIOl poOOTH CyaHa, a HE JIUIIE JJis
KOPOTKOYAaCHHUX CTEHJOBHX BHIPOOYBaHb.

[TincyMKOBUM €TaroM OISy JOLUTBHO 3poOUTH (OopMyBaHHS HaOOpy IOPiB-
HSUTbHUX TAOMHIb 1 y3aradbHIOBATBHHUX «KAapT MPOTAIUHY, K1 I03BOJIATH MEPEUTH
BiJl PO3PI3HEHHX PE3yJbTaTiB OKPEMHUX aBTOPIB JO IITICHOI KAPTHHH IO CHCTEMI
HVO-H, [3]. 3anponoHoBano, mo 06a30BMM iHCTPYMEHTOM y3araJbHEHHsS € OJOK
NOpIBHANIBHUX Tabnuupb (Tadn. 1-4) 3 gikcoBaHnM HaOOpOM mapameTpiB, 00 yci
3aJIydeHi JpKepesia MoXHa OyJio MOpiBHIOBATH B €1MHOMY (popmari. YMoBHa Tadi. 1
npucBsiueHa BiactuBocTsIM HVO: y Hill 3BOIATHCS Jialla30HM [E€TAHOBOI'O YHCIIa,
T'YCTUHH, B’SI3KOCTI, BMICTY apOMaTHYHHUX CIIOJYK, NMOKa3HUKIB XOJOAOIUITMHHOCTI
(CFPP) Ta BigminHocTel Bij 0a3oBoro ausesnbHoro mamusa [1; 2]. Lle mo3Bossie
onpasy 6auuTu, y SKux podotax Bukopucrano «tunose» HVO, a ne — coptu 3 HecTaH-
JIAPTHUMH XapaKTePUCTUKAMHU, 1110 MOXKE MOSICHIOBATH PO301’KHOCTI B 1HIUKATOPHHUX
Ta eMiCiiHUX pe3ynbrarax [4; 6].

Taomms 1
IlopiBusanus Baactusocteii EN 590 nuzesnst ta HVO
Manuso DCN I'yctuna 135 °C, B’HSKiCT;) 40 °C, Ap‘?MaTmca, CFPP, °C
KI/M Mm?/¢ "0 Mac. (TMIIOBE)
EN 590 nuzenn | 52 835 3,0 ~5 (<8-11 maxc.) -10
HVO ~—
(EN 15940) 75 780 2,8 ~0 ~—25

Tabmn. 2 y3aranpHIOE apXITEKTypH ITOAaYi BOIHIO, SIKi PO3TIIAIATUCS B OCHOBHOMY
IUIST CEPEeTHBROOOCPTOBUX UYOTHPUTAKTHHUX IU3CIHHUX IBHUTYHIB: MaHi(oIIHE T03Y-
BaHHJ, TI07]a4a B MTOPTH BITYCKY, a TAKOX 1HII BapiaHTH (HAIPUKIIAM, MIPSME BIIOPCKY-
BaHHS YM BUKOPHUCTAHHS pedopmaty). s koskHOT pobOTH TyT (hiKCyBaTUMYThCS Jia-
Ma3oHu 4acToK H, (y MacoBomy Ta eHepreTMIHOMY BUPaKEHHI), OCHOBHI 0COOIMBOCTI
cxeMu Oe3reku (peayKyBaHHs, 3allipHa apMaTypa, BEHTHIISIIS, TETEKIIis), a TAKOK THIT
JIBUTYHA U XapakTep eKCIepHUMEHTAIILHOT YCTAaHOBKH. J[JIs MamoOepTOBUX TBOTAKTHUX
TOJIOBHUX JIBUTYHIB TaKi CXeMH 30BHIIIHBOTO CyMIIIIOYTBOPEHHS 3 BOTHEM Y BITYCKHOMY
TPaKTi MPAKTHIHO HE 3aCTOCOBYIOTHCS Yepe3 BUCOKI PU3UKH 3aliMaHHs BOIHEBO-TIOBI-
TPSHOT CYMIIITi B TIPOAYBOYHHUX Ta BHITYCKHUX PECHBEpax, TOMY HaJalli BOHH HE PO3-
TISTAIOTRCS SIK PEaiCTUYHI BapiaHTH MofepHizallii. TakuM 4rMHOM, MOXKHA BiZOKpe-
MHUTHU «IUCTO KIHETHIHI» €(HEeKTH BiJ] TUX, III0 OOYMOBJICHI KOHKPETHOIO CXEMOTO TTOIadi
Ta 0OMEKeHHSIMH 3a Oesrmexoro [14; 15].
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Tabmuus 2
ApXiTeKTypH noaadi BOIAHIO
Apxirekrypa | Tunosi yacrku H, Meperarn OcHoBHi 00MeskeHHs /
nonayi H, (enepreruyHi, %) P PHU3UKH
Mamigongae Haiinpoctimmuii perpo- | [ipmit posnoain Mix
JO3yBaHHS (IIicist 3-15 (biT, MiHIMyM 3MiH OWTIHIPAMU, PA3HK JIOKAJTh-
1HTEepKyIepa) y rooBIi nuIiHApa(iB) | HUX 30aradyeHp
[ToproB - . .
Ba(g;: (giﬁ;(?y Kpammii 6ananc no CkJiaHina razoBa apMa-
3-20 OWTIHApPAaX, CTa0UIbHI- | Typa, BAMOTH JI0 TepMETHY-
BITYCKHOT'O KJIa- o . o o :
muit CAS0 HOCTI i TEPMOCTIHKOCTI
raHa)
[Totpibna oBHa mepepodka
[Ipsime BOp- MakcumanbHuii LAJTTHIPOBHX KPHIIIOK
ckyBanHs H, 1040 KOHTPOJIb CTEXIOMETPil | Ta ra30pO3MO/LIIEHOTO By3Ia,
Y MHTHID Ta (a3yBaHHA CrieriainbHi (POPCYHKH, KOp-
CTKI BUMOT'HY JI0 O€3I1eKH

Ile HE «maHi OMHOTO MOCHTIMY», @ arperoBaHUi OIS 3a KiTbKOMa poOOTaMH, Iie

[3;5; 13]:

* Maui eHepreTnyHi yacTku H, natote abo HelTpanbHuii, 800 HEBEIMKHUH TLTHOC 10

BSFC;

*  NOx 3poctae 6e3 EGR/oxonomkenHs;
* PM icToTHO manae.

Tabmuma 3
Y3araiabneni Tpenu ABSFC/ANO/APM Bix yacrku H,
Yactka H, 3a enepriero, % ABSFC, % ANOy, % APM/numnicTb, %
0 0 0 0
3 -1 +5 - 15
6 -2 +10 -30
10 -3 +20 —45
15 -4 + 30 - 60
Tabmus 4
CucrtemHi pimrennst 14 interpanii B CEY
Pimenns PiBennb OuikyBaHuii BIJIUB
CKJIAIHOCTI na NO/PM/BSFC (HVO-H,)
OnHoctyneHeBuil HaIyB + |2 pr— |PM, NOx 3pocTae/HelTpaIbHAN,
inTepkynep, 6e3 EGR ta SCR BSFC ~0...—3 %
OpHocTyneHeBuil HaanyB + Cepenniii 1PM, NOx 10 HOpMaTHBiB, HEBEITMKHUN
oxonomkyBaanii EGR + SCR Pl mrrpad mo BSFC moxmmiBwii
JlsocTynenesui Hannys N LPM, NO zo Tier 11, BSFC 36epi-
3 IPOMDKHUM OXOJIO/KEH- Bucoxknit
s + EGR + SCR/DPF TaeThCs a00 MOKPAIILy€ETHCS
CxeMH 3 yTHITI3AIIEI0 TeIUIOTH Hl0NaTKOBE SMICHIICHHS THTOMO
Bucoxkuit BHTpPATH 0€3 iCTOTHOTO BILUTUBY
(ORC, waste-heat recovery) a NOJ/PM

VY Tabm. 3 3BefIcHO eKCITepUMEHTAIBHI pe3yIIbTaTH 3TOPSHHS 1 BUKHIIB IS PEXKUMIB
HVO-H, y npuB’s31i 10 peXKMMHUX KOOPAMHAT: €(EKTUBHE HABAHTAXKEHHS Ta 4aCTOTA
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obepranHs, 9acTka H,, OCHOBHI iHJMKAaTOPHI MOKAa3HUKHU (3aTpUMKa CamMO3aiMaHHS,
CAS50, MakcuMalbHUI THUCK, TpaaieHT TUCKY, IMEP) 1 BimnoBijani npupocTy a60 3MiHK
BSFC, NO,, PM nopiBusno 3 6azosum HVO-pexnmom [7]. Taka cTpyKTypa J103BOJIMTH
0aunTH HE JIMIIE «CepeIHii» eEeKT Bijl BOIHIO, a i Te, y AKUX caMe PeKUMaXx BiH JI0CH-
raeThes, JIe CIIOCTEPIraroThes 0OMEKEHHS 110 )KOPCTKOCTI UM TEPMOHABAHTaXKEHHIO, 1 /1¢
JlaHUX B3araii Opakye (HampuKJai, /Ui HU3bKUX HaBaHTaKeHb a00 TPOIMIYHUX YMOB
BCMOKTYBAHHS TIOBITPSI).

Tabn. 4 opieHTOBaHa Ha IHTETpAIliifHI PIICHHS B CKJIaJl CYTHOBUX €HEPrOyCTaHO-
BOK: sIK1 KOH(Irypariii Ha/JilyBy Ta OXOJIOJIKCHHSI HaJ/TyBHOTO IOBITPSI 3aCTOCOBYIOThCS,
4yn BUKOpucToByeThesi EGR, siki cucremu nicnsiodpo6ku (SCR, DPF) 3anydeHi, y sikux
npodisisaX HaBaHTAKEHHS TIPOBOJIMITUCS JOCIIJPKEHHS Ta SIKUX «ITiJICYMKOBHX» €(DeKTiB
Basocs fnocsrty Ha piBHi Beiel CEVY (3MiHa MMTOMOT BUTPATH, BUKHIIB, EKCILTyaTallili-
HUX oOmesxkenb) [10]. Ha ocHOBI 1iux Tabmuip Oy/e 3Mora noOyayBaTd YMOBHI «KapTh
MPOTAIHY, € IO OCSX PO3MIIIYIOTHCS THIT IBUTYHA, piBEHb IHTETpaii (JIMIIe UIiH/Ip,
JIBUTYH Y CTEHI0BOMY BUKOHaHHi, nopHoinHa CEY), nianason yactok H,, kimimMatuyni
YMOBH H TPHUBAJICTh BUNPOOYBaHb, & B KOMIpKax — BIJIMIiTKa MPO HAsSBHICTH / BIJICYT-
HICTB JIaHUX 1 XapakTep pe3ynabraTiB. Lle 103BONUTH 4iTKO MOKa3aTH, Y SIKHX CETMEHTaX
(HarpuKIIa, CepeaHbO00EPTOBI YOTMPUTAKTHI IBUTYHH 3 MiIBULIEHMMH YacTkamu H,,
TPONIYHI yMOBH, TPHBajJl HATypHI BHIIPOOYBaHHs) Hapasi € HaHOLIBII TpOTaJMHH
W Kyyl JOIIBHO CTIPSIMOBYBATH TTOJANBII JIOCITIKEHHS.

BucHoBku

1. V3aranbHEHHS HAasSBHHX MyOJIiKaIil 1 KCIIEPUMEHTAIBHUX JaHUX CBIIYMTH, L0
BUKOPHUCTAHHS T1poouniieHoi pocimuHoil o1il (HVO) y nmoeaHaHHI 3 BOIHEBOIO 100aB-
kot (H,) y Cy/IHOBHX JM3€IbHUX JBHTYHAX € TEXHIYHO MOMJIMBUM HAIPSIMOM, OJTHAK
Ha Cy4acHOMY €Tarli PO3BUTKY TEXHOJIOTIH HE MOXKe PO3IISIATUCS SIK IPOCTE Ta JIETKO-
JOCTYITHE PIICHHS JJISi MACOBOTO BIPOBAKEHHS y (IIOTI.

2. HVO sk napagiHoBe BiJHOBIIOBaHE JU3EJbHE MAJIUBO 3 BUCOKHM IICTAHOBUM
YHCIIOM 1 HU3bKMM BMICTOM apOMAaTHYHUX CIIONYK Yy OUTBIIOCTI JOCTIIKEHUX BUIA[I-
KiB MO’KE€ 3aCTOCOBYBATHUCS 33 IPUHIIUIIOM drop-in 3a YMOBHU KOPEKIIii IMKIOBOT Mojadi
nayimBa, 3a0e3neYeHHs JOCTaTHhOI 3MallyBaJIbHOT 37aTHOCTI Ta MEPEBIPKU CYyMiCHOCTI
MarepiaiiB eJIeMEHTIB AIMBHOI CHCTEMH.

3. Pobora nu3enpHux auryHiB Ha HVO 3a3Buuail xapakrepu3yeTbes CTaOUIbHI-
IMM caMO3aiiMaHHsIM, 3MCHIICHHSIM JHUMOYTBOPEHHSI Ta BHKH/IIB TBEPIUX YACTHHOK,
a TaKoXK OUIBII «YUCTUMY» MEpediroM Mpolecy 3ropsHHS 0e3 CyTTEBOTO IMOTiPIICHHS
NaJIMBHOT eKOHOMIYHOCTI. Taki BIaCTUBOCTI CTBOPIOIOTH MEPETYMOBH IS TOJAITBIIIOTO
3aCTOCYBaHHS I'a30BUX JI00aBOK, 30KpeMa BOJHIO.

4. 3rimHo 3 pe3yinbraTaMy, HaBEJCHUMHU B JIITEPaTypHHX JDKepelax, T0JaBaHHS
BonHIO 10 HVO, six mpaBmiio, mpu3BOAUTE JO CKOPOUYCHHS 3aTPUMKH caMoO3aiiMaHHS,
3cyBy (azu ocHoBHOTO TerutoBuaiieHHs (CAS0) y 61k BepXHbOT MEpPTBOI TOYKH Ta 3MEH-
HICHHS] BUKWJIIB TBEPJIUX YaCTUHOK. BomHoYac y psijii poOiT BiI3HAYAETHCS TEHICHILIS
qo migBuiieHHs: BUKUIIB NOy 1 )KOPCTKOCTI 3rOpsiHHS, 1110 TTOTPeOye IijecnpsiMOBaHOT
onTUMI3allii mapaMeTpiB poOOUOro MmpoIecy.

5. Jlns CynHOBUX €HEPreTHYHHMX YCTAHOBOK 3acTocyBaHHs komOinauii HVO-H,
JOLTBHO PO3IVISIIATH BUKIIIOYHO B KOMIUIEKCI 3 YJOCKOHAJICHHSM CHUCTEM HaJTyBY,
OXOJIO/PKCHHST HaJUTyBHOTO TOBITPSI, PEIMPKYIAIIT Ta HEeHTpaizalii BiAnpanboBaHuX
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raziB (EGR,

SCR, DPF), a Takox i3 ypaxyBaHHsIM BUMOT Oe3IE€KH 30epiranHs Ta mojadi

BOAHIO Ha O00pTy cymHa. OTpuMaHi B poOOTi y3araJbHEHHS MalOTh XapakTep OTJISI0-
BO1 OIIIHKM Ta IMOCTAaHOBKHM HAayKOBO-TEXHIUHOI 3a/1adui i He 3aMiHIOIOTh HEOOXiTHOCTI
IIPOBEICHHS CIICIia1i30BaHUX SKCIIEPUMEHTAIILHUX JIOCIIIJ[KCHb Ha TOBHOMACIITA0OHHIX
CY/IHOBHUX JM3CJIbHUX JIBUT'YHAX.
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Anomauisn

Y emammi oocnidoceno nioxoou 00 u3HaAueHHs eeKmUBHOCMI Mapuipymis
V chepi MINCHAPOOHUX BAHMANCHUX Nepese3eHb OOHOLAHKOBUMU a8MONoizoamu
(MBIIOAII). Epexmusnicmo MBIIOAII posensidacmscs ax bazamogphakxmopHa xapax-
mepucmuKa, wo 6KIYAE eKOHOMIUHI, YaACO6l, eKONO02I4UHI, COYIANbHI mda eKCNnayama-
YIUHI NOKA3HUKU. ABMOpU aKyeHmMywmy y8azy HA HeoOXIOHOCMI KOMNIEKCHOI OYiHKU
Jlo2icmudnux piulens, AKa NOGUHHA 0A3Y8AMUCL He MINbKU HA MPAOUYIUHUX Kpume-
piax eumpam i mpueanocmi MBIIOAII a ti paxogysamu enepeemuyty, mpancnopmmy
ma O0pOJiCHIO ehexmusHicms 3aco0ie nepeseseHb ma (akmopu HaditiHocmi nocma-
YAHHA 8AHMAIICIB, E€KON02IYHOI CMANOCMmI, eheKMUSHOCMI BUKOPUCMAHHA pecypcCie
Mma MexHoN02IUHO20 CYNPOBOOY MPAHCHOPMHO20 npoyecy. VY pobomi nazonouwieno Ha
00YINLHOCTT NOEOHAHHS KIACUYHUX MemOoOi8 OYIHIOBAHHS (6apmicmyb nepege3ents Ha
MU0, 4ac 00CmasKu, iHOeKcu HAaoiuHOCmi) i3 cyuacHuMu 0a2amoxkpumepiatbHumMu
nioxooamu — Data Envelopment Analysis (DEA), AHP, TOPSIS, wo oaioms 3mo02y épa-
X08Y8amu 6eIUKY KibKICb NApamempis nio 4ac ubopy ONmMuMAanbHO20 MAPUPYmy.

Y medxcax nopisnanvnoeo ananizy epaxosano doceio CLUA, Himewuunu, Ilonvwi
ma Benukoi Bpumanii w000 mpaxkmyséanus epexmugnocmi mapupymie. Bioznaueno,
Wo aKyenmu 8 OYiHYi 3aedcamsv 8i0 NPIOpUMemis — eKOHOMIYHOI 8U200U, eKONO2IUHOT
besnexu, HaditiHOCMI 102ICIMUYHO20 aHYI02a YU IHMepmMooanvHol inmeepayii. Bpa-
XO8AHO, WO Y HIMEYbKUX OOCHIONCEHHAX OOMIHYE NIOXIO CMAL020 PO3GUMKY 3 iHmMe-
epayiero Kpumepiis uacy, sumpam ma nPonycKHOi CHPOMOACHOCTT IHPPACMPYKIYPU.
Tonvcovki gueni 3acmocosyioms incmpymenmu DEA 0ns nobyoosu 6azamogumipnoi
Mooeii, mooi K OPpUMAanCcbKi 00CIIOHUKU AKYEHMYIOMb HA OYIHYI 3068HIUHIX ehexmis
i eHepeoepexmuenocmi.

© BikoBuu L.A., O6wra A.®@., [Ipuxoasko B.E., 2025
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Cucmemamuz06ano pe3yibmamu nPoGIiOHUX 00CAIONCEHb WOo00 YUPPOBUX IHCMpY-
MeHmie onmumizayii J102ICMUKU:  A8MOMAMU308AH020 NIAHYEAHHL MApUIPYmie,
Al-piwwens ma npoepam muny Route4Me, sxi cxopouyroms eumpamu, euxuou CO.,,
nioguUYI0OMb IHMEHCUBHICING Nepese3ets 1 HYUKicmb cucmemu 00 3min nonumy. 11io-
KPECIeHO 8AdCIUBICIb MENeKOMYHIKAYIIHUX I HABI2ayiliHUX cucmem 015 MOHIMOPUH2Y
epexmuenocmi asmonoizois, 0coonUB0 8 YMOBAX CKIAOHO20 penvbeQy, NIamuux oopie
i MPAHCKOPOOHHO20 MPAQIKy.

3anpononosano xonyenyiro excnepmuo-gyHKYIOHANbHOI MoOeni oyinKu epexmus-
HOCMI Mapupymis, wo 8paxoye eHepeemuyny, Mmpancnopmuy ma OOPOXCHIO ehek-
MUBHICMb eleMeHmis nepesiznoco npoyecy 3 ypaxyeaunsim cneyugixu MBIIOAIL ITio-
KpecieHo, wo cyuacui oocnioxcenusi MBIIOAII 3azeuuaii ananizyroms auuie oKpemi
napamempu, mooi AK 3anPONOHOBAHA MAMEMAMUYHA MOOeNb [HMe2pPye KAI0U08I YUH-
HUKU 07151 hOPMYBAHHST OOTPYHMOBAHUX YNPAGTIHCOKUX PIULEHD ) Chepi MIdDICHAPOOHUX
asmonepegezensb. Hazonouweno na nompedi nooanvbuiux O0CHiONCeHb, CNPAMOBAHUX
HA NOOONAHHSA HeCmayi AKICHUX OaHUX, HedOCMAMHbOI SHYUKOCMI HASABHUX Mooenell
ma 0OMedHCEeHO20 OXONJIeHHS KPUMUYHUX PUSUKIE JI02ICMUYHOL IHpacmpykmypu nio
yac MBIIOAIL

Knrouosi cnosa: midncnapooui 6anmadnichi nepege3enms, aemonoizo, epexmus-
HiCMb, Mapwipym, 102icmukd, Onmumizayis, memoo, Kpumepii, 6azamoxpumepiaib-
nuti ananiz, Data Envelopment Analysis, AHP, TOPSIS, enepeemuuna, mpancnopmua,
00pOJICHS ehekmusHicmb, THMe2PATbHUL NOKAZHUK, MPAHCNOPMHA cUcCmemMa, Yughposi
JNOCICMUYHI PIUEHHS, MapuipymHe NaaHyE8aHHA.

CALCULATION OF INTEGRAL EFFICIENCY INDICATORS FOR FREIGHT
TRANSPORTATION ROUTES IN THE UNITED STATES
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Summary

The paper investigates approaches to assessing route efficiency in the field
of international freight transportation performed by single-unit road trains. The efficiency
of international freight transportation by road trains is considered as a multifactorial
characteristic that includes economic, time-related, environmental, social, and operational
indicators. The authors emphasize the necessity of a comprehensive evaluation of logistics
decisions, which should be based not only on traditional criteria such as transportation
costs and delivery time but also take into account the energy, transport, and road efficiency
of transport vehicles, as well as supply reliability, environmental sustainability, resource
efficiency, and technological support of the transportation process.
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The study highlights the expediency of combining classical evaluation methods (cost
per mile, delivery time, reliability indices) with modern multi-criteria decision-making
approaches—Data Envelopment Analysis (DEA), Analytic Hierarchy Process (AHP),
and TOPSIS—which enable the consideration of a large number of parameters when
selecting an optimal transportation route.

Within the framework of a comparative analysis, the experience of the United States,
Germany, Poland, and the United Kingdom in interpreting route efficiency is examined.
It is noted that the emphasis in efficiency assessment depends on dominant priorities
such as economic benefits, environmental safety, logistics chain reliability, or intermodal
integration. German studies predominantly apply a sustainable development approach
integrating time, cost, and infrastructure capacity criteria. Polish researchers actively
use DEA tools to construct multidimensional efficiency models, whereas British studies
focus on the assessment of external effects and energy efficiency.

The results of leading studies on digital logistics optimization tools are systematized,
including automated route planning systems, artificial intelligence—based solutions,
and software platforms such as Route4Me, which contribute to reducing costs and CO:
emissions, increasing transportation intensity, and improving system flexibility in
response to demand fluctuations. The importance of telecommunication and navigation
systems for monitoring the operational efficiency of road trains is emphasized, especially
under conditions of complex terrain, toll road networks, and cross-border traffic.

An expert—functional model for assessing route efficiency is proposed, which
accounts for the energy, transport, and road efficiency of transportation process
elements while considering the specific features of international freight transportation
by road trains. It is emphasized that most contemporary studies analyze only individual
parameters, whereas the proposed mathematical model integrates key factors to support
well-founded managerial decision-making in the field of international road freight
transportation. The necessity for further research aimed at overcoming data scarcity,
limited flexibility of existing models, and insufficient coverage of critical logistics
infrastructure risks is also highlighted.

Key words: international freight transportation; road train; efficiency; route; logistics;
optimization; method; criterion; multi-criteria analysis; Data Envelopment Analysis;
AHP; TOPSIS; energy efficiency; transport efficiency; road efficiency; integral indicator;
transport system; digital logistics solutions; route planning.

Beryn

Edexrusnicts Mapmpyty (MBIIOAII) moB’si3aHa 3 onTuUMIizalli€lo IMUISXY PyXy
BaHTaXIB MK ITyHKTaMH MPU3HAYCHHS 32 CYKYMHICTIO KPUTEpiiB: e()eKTUBHICTh KOH-
CTPYKIIHHUX BY3JIiB 3aCcO0IB IepeBe3eHb, MiHiIMi3allisl 4dacy, BUTpaT (OmepariiftHux
Ta MAJMBHUX), EKOJIOTTUHUX HACHIJKIB 1 3a0€3MeUeHHs JOTPUMAaHHS BUMOI JIOCTaBKU
Ta 6e3meku [1].

Cyuacue BuzHadeHHs eekruBHOCTI Mapupyty MBITOAII 6a3yerbest Ha cucrem-
HOMY aHaJli31 EKOHOMIYHUX, €KOJIOTIYHHX, COIIAJIhHHUX 1 CKCILTyaTalliiHUX YHMHHUKIB
3 BHKOPWCTAHHIM KJIACHYHUX TPAHCIIOPTHO-EKOHOMIYHHX 3aJIeKHOCTEH Ta HOBITHIX
MaTeMaTHYHUX Ta MPOTrPaMHUX MU(POBHUX IHCTPYMEHTIB.

UWHHWKY, 1110 BU3HAYAIOTH SKICTH 1 HAMIHHICTh aBTOTPAHCTIOPTHHX 3aC00iB Ta BILTHB
JIOPOXKHBO-TPAHCIIOPTHUX YMOB €KCIUTyaTallil Ha €(EKTUBHICTh MEPEBE3CHb 3arajioM,

110



PO3BUTOK TPAHCIIOPTY
Ne 4(27), 2025

3 YpaxyBaHHSIM OCHOBHUX (DYHKIIIH 1HTEJIEKTYaIILHOTO TPAHCIIOPTY, TeJICKOMYHIKaIliii-
HHX Ta HaBITaI[iIfHUX CHCTEM MOHITOPUHTY ITapaMeTpiB aBTOMOOLIS, HOTO ineHTH(IKa-
wii, IUCTIETYEPCHKOTr0 KEpyBaHHs Ta €()eKTUBHOCTI, pO3IIISIHYTO B [2].

VY naykoBux mkepenax CIIIA akneHT cripsMoBaHW Ha OallaHCI MiX IIBHIKICTIO,
BUTpaTaMy W HafiiHicTIO, a B HimeuunHi — Ha BpaxyBaHHsS 4Yacy, BUTpaT, iH]pa-
cTpyktypu Ta cranocti [3]. Cepen anbTepHaTHBHUX MiIXOJIB 70 BU3HAuUCHHS e(eK-
TUBHOCTI MapHIpyTy MO)XKHA BHJIUIMTH Tpamio [4], 1€ MiTKPEeCIIOeThCS BaXINBICTh
B32€MOTIOB’I3aHOCTI iH(PACTPYKTYp, iH(DOpMAIIIIHOIT TPO30pOCTi Ta TH(POBHUX PillleHb
JUTS T IBUIIIEHHS €()EKTUBHOCTI TPAHCIIOPTHUX KOPHUIOPIB.

[lonbebki  mocmigHUKKM Ui €QEeKTUBHOCTI MapIIpyTy BHKOPHCTOBYIOTH Data
Envelopment Analysis (DEA), 1m0 oxormitoe BUTpaTH, 00csAr, 4ac i pecypcH, edek-
TUBHICTH MapmipyTy [5]. ¥V Benmukiit bpuranii nocnimxenass MBITOAIT ocHoBani Ha
30BHIIIHIX e(eKTax, eHeproe(eKTUBHOCTI Ta MOmANbHIA 3MiHI (3aJi3HHISI 3aMIiCTh
aBTOTpaHCIOPTY) [6].

VY nocmimxenni [7] aHami3yeTbcs MOKa3HUK €(PEKTUBHOCTI BaHTaKHOI CHCTEMH
(Freight System Efficiency, FSE) na ocnosi criBBignomensst BBIT no BukuaiB napHu-
koBux rasiB (GDP/GHGQG), sikuii 3acTOCOBY€ETHCSI JIUIsl MOHITOPUHTY MPOTPECy CTparerii
California Sustainable Freight Action Plan.

Crarts [8] MicTUTh TIOKPOKOBHI oruc dopmy i (akropiB (Bara, 00’em, Tapudu,
JI0/1IaTKOB1 300pH), 1110 BIUIMBAIOTH Ha 3arajibHy BapTiCTh IEPEBE3CHHS.

Ormsig akTyanbHUX PillIeHb 3 aBTOMATU3allil IiIaHyBaHHS MapLIPyTiB, IO J03BOJIS-
I0Th 3MEHIIIUTH BUTPATH, CKOPOTUTH Yac JOCTABKH 1 MiHIMI3yBaT BUKH/IH, BUKOHAHO
y crarTi [9]. Ixepeno [ 10] po3kpuBae MOHATTSA “‘route efficiency” uepe3 cucTeMHUH ITi T-
xinm, a B qucepraii [ 11] 3anmporoHoBaHa Mozieb OaraTOKpUTEPialbHOTO BUOOPY MapIil-
pyTy, sika 06’ ennye AHP i TOPSIS nist anamni3y He TiIbKY BapTOCTi 1 yacy, a i pU3HKiB,
SIKOCTI CepBICY, BUMOT Taly3i Ta 0COOIMBOCTEH BaHTAXKY.

VY npati [12] aHamizyeTbest poiib Cy4acHOTO MPOrPaMHOT0 3a0e3MeueHHs [Jis OTH-
Mi3arlii MapmpyTiB i3 Bukopuctanusam big data, Al, machine learning, T0o6TO aBTOMAa-
TH3allii BUOOPY ONTUMAIBHOTO MUISIXY, eKOHOMIi TTATBHOTO, MiHIMI3aIlii Yyacy Ta ITiJIBH-
LICHHS 3a/I0BOJICHOCT] 3aMOBHHKA.

[Ipaktuunuii onuc omHOro 3 HpoBinHUX pimeHb: Route4Me Route Planner, mio
BUKOPHUCTOBYETHCS BOJIISIMU JIJIsl 0ararocTaliiHuX MepeBe3eHb, BUKOHAHO B [13].

Metonnka DEA € OCHOBOIO CydacHOTO 1HCTPYMEHTApI0 I KOMIUIEKCHOI OIIIHKH
e(DEeKTUBHOCTI TPAHCITIOPTHUX MEPEXK, BKIIOYAIOUN aBTOIOI3mu [14].

VY crarri [15] nopiBarotorscst metoan AHP 1 TOPSIS mns npuitHaTTs pimeHs npo
BHOIp onTHMaBHOTO Micls po3ranryBanHs OizHecy. AHP nepenbauae noGynoBy iepap-
XIYHOI CTPYKTYpH KPHUTEPIiB 1 MOMApHi eKCIePTHI MOPIBHSIHHS, 1110 JI03BOJISIE BPAXOBY-
BaTH BiIHOCHY Ba)KJIMBICTh KOXXHOTO YMHHHUKA. METO OLiHIOE Cy0’ €KTUBHI IepeBaru
Ta 3a0e3meuye MEepeBipKy Ha JIOTIYHY Yy3TOmKeHICTh pimeHb. OcobmusicTio TOPSIS
€ BU3HAYCHHS ONTHMAJIHHOTO BapiaHTa Ha OCHOBI OJM3BKOCTI J0 11€aTbHOTO PIllICHHS.

Humni pns ouninku MBITOAIT 3actocoByroTh KiacuuHi MeTonu (cost-per-mile, ton-
mile, Travel Time Index, buffer index) ta cygacui metogu DEA, AHP, TOPSIS. Takox
3actocoByroTh TokazHukH Freight System Efficiency (FSE), mporpamu aBromarusa-
mii (RoutedMe, Al-cuctemu), Momeni OMIHKN €(hEeKTHUBHOCTI 3 YpaxXyBaHHIM €KOJIOTII,
HAJIIHOCTI, pU3HKIB Ta CTPYKTYPH BaHTAXY.
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T'onoBHi npodaemu moao epexTuBHocti MBITIOAII:

1. Obmedrcenicmov kpumepiie oyinku — nepeBaxxkae HOKyC Ha BUTpaTax i yaci, irHo-
PYIOUH HAJIMHICTh, CKOJIOTiI0, OC3IICKY.

2. Hdeghiyum 0ocmosiprux 0arux — OO 9acy TPOXOKEHHS KOPIOHIB, 00 1311iB, TIOITHUTY.

3. Peeynsimopna HecmabintbHicmes — TEONONITHYHI ¥ MHUTHI 3MIHU YCKJIQJHIOKOTh
TUTaHYBaHHSL.

4. IeHopy8anHs no20OHUX MA iHppaAcmMpPpyKmMYpHUX 3MiH — HE BPaXOBYIOThCS 3aTOPH,
CTaH JIOPIT, CKOJIOTIYHI OOMEKEHHSI.

5. Heoocmammus yugposizayiss — HETIOBHOIO MIPOI0 BHUKOPUCTOBYIOTHCS MOXKJIIH-
BocTi Al IoT, Big Data.

MeTto10 pocimkeHHs1 € pO3pOOICHHs KOHLENIIi CTBOPEHHS! €KCIIEpPTHOI Mojeni
OIIHKK e(EeKTUBHOCTI MapIIPYyTiB 3 YpaxyBaHHSIM €HEPreTH4HOl, TPaHCIOPTHOI
Ta TOPOKHBKOI e(heKTUBHOCTI AM3eNbHUX aBTomoiznmiB [16; 17; 18] Ta ocobmuBocTel
TpaHcnoptHoi cuctemu CIIIA.

PesyabraTn nociainkenn

EdexTuBHICTP MapumipyTy BaHTKHUX NEpEeBE3¢Hb BH3HAYEHO Ha OCHOBI 3acCTO-

CYBaHHS JIECSATH KpUTEPIiiB, SKi HaBeAeHi y Tabn. 1, Ta ocoOMMBOCTEH TPaHCHIOPTHOI
cucremu CIIA [19].

Tabmug 1

Kpurepii Mpumitku
C, (Baprictn) MisnimizyBaTu
C, (Yac) MinimisyBaTu
C, (Pusuxw/I1nara 3a fopory) MinimizyBaTtu
C, (PenTabenbHicTh) MaxkcumizyBatu
C, (BukopucTaHHs BaHTaKHOCTI) MaxkcumizyBaru
C, ([lopx¥Ha IisHOK 3 BUCOKOIO iIHTEHCHBHICTIO PyXY) MinimizyBatn
C, (KimpKicTh MOCTIB Ta TyHENIB 3 0OMEKXEHHIM BUCOTH aBTOTPAHCIOpTy) |MiHiMisyBaTn
C, (Cymapna BucOTa MiHOMIB Ta CITYCKiB HA MAPIIPYTi) MinimizyBaTtn
C, (KinpKicTh CKy1aJIHHX MOBOPOTIB /I aBTONOi3/1a) MinimizyBatu
C,, (EdexruBHicTh aBTOMOI3/12) MaxkcumizyBatu

MaremariuuHa MOZENb PO3paxyHKy €(heKTMBHOCTI MaplIpyTy BaHTAXXHUX IE€peBe-
3€Hb Ha OCHOBI IepepaxoBaHuX y Tabm. 1 KpUTepiiB NOAAETHCS Y BUIIISIAL:
10

Smar :ZWiNiD (1)
i=l1

net N, =G
W— BaroBi koe(illieHTH, K po3paxoByloThcst MeTofoM AHP (niniliHa 3ropTka).
OcobnuBicTIO i€l MOZEIi € BUKOPUCTAHHS 1HTETPATHHOTO MOKA3HUKA CHEPTeTHY-
HOI, TPAHCIOPTHOT Ta JAOPOXKHBOI €()EKTHBHOCTI AM3ENBFHOTO aBTOMNOI3/1a, Po3podie-
HOTO aBTOpaMu y mpausx [16; 17; 18].
®opmynr HOpMyBaHHS YHHHHKIB:

N =12 = (= ) (e =X ), &)
SKIIO X CJiJ MAaKCUMIi3yBaTH JUTst 301IbIIeHHS €()eKTUBHOCTI MapIIpyTy Ta
N: ||x|| :(xmax_x)/(xmax_xmin)’ (3)

SIKIIO YUHHUK X CJIiJI MiHIMI3yBaTu JJisi 301UIbIICHHS €(DEeKTUBHOCTI MapIIpyTYy.
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Bu3HaueHHs iHTErpaNbHOTO MOKa3sHUKa F e()heKTHBHOCTI OJHOIAHKOBOTO TU3CITh-
HOTO aBTOMOI37a (TATau+mpudin) Il BHKOHAHHS MDKHApPOAHHX BaHTAKHUX TIepe-
BE3CHb 3 YpaxyBaHHSAM YCiX HOro HaWBaXKIHMBININX MapamMeTpiB BUKOHAHO 32 (opMy-
noro (4), oorpyHToBanoro y [18]:

E :0,2109~1+0,1254.%—0,0627.a +0,1254-1, —0,0456-L, +
m
+0,1073- P, ~0,0319-m, +0,0609-J, —0,0319- f +0,0609- R, +

+0,0392-K +0,0658-H_,+0,0224-D. +0,0140-C,

ne: T — xpyTHuit MoMeHT auryHa (H-m);

m — Maca JIBUT'yHa (Kr); ()

I — MOMeHT iHepii ABUrYHA (KT M?);

® — KyTOBa MBUAKICTH ABUTYHA (paj/c);

0 — KyTOBE IPUCKOPEHHS ABUTYHA (pajy/c?);

N — KoeilieHT KOpUCHOI 1ii ABUTYHa (0e3p0o3MipHHUiA);

N, — Koe(iieHT KopuCHOI Aii TpancMmicii (6e3po3mipHuii);

L, — cymapHi BTpartu IIOTYXKHOCTI B TpancMicii (BT abo 6e3po3mipHa BEMYKHA, 10
BiJJ0Opaka€e BIIHOCHI BTpaTH);

P — BaHT@XOMIAHOMHICTH (MaKC. Maca BaHTaxy);

m_— Maca NopoXKHbOIO Ky30Ba,

J, — HOPCTKICTb pamu;

f— xoediuieHT onopy KOYeHHIO;

R, — pecypc mmHH,

K — xopcTkicTh nigsicku (ann.: stiffness of the suspension);

H ,— xin miaBicku (aHmi.: suspension travel);

D_— niametp Koneca;

C, - KOCQIIIEHT 34ETIIICHHS.

VY mpausx [16; 17; 18] npoananizoBaHo €peKTUBHICTH (YHKIIOHAIBHUX CHCTEM
JM3EIIbHUX aBTOIMOI3/iB, sIKi BUKOPUCTOBYIOThCs Y CILIA 11st Mi>KHApOIHUX BAaHTAKHUX
nepese3eHb. Ha 0CHOBI po3p00JICHOr0 aBTOPaMHK IHTETPaIbHOIO 1HIEKCY €(PEKTHUBHOCTI
U3EITEHOTO OJHOJAHKOBOTO aBTOIOi3/1a BCTAHOBJICHO, IO HAHOUTBIT e()EeKTHBHOIO
CUCTEMOIO cepel TaKuX aBTOMOi3iB € Mosienb Freightliner Cascadia 2023.

Lro Mozmenb BUKOPUCTAHO Ul aHaji3y Ta BU3HAYCHHS €(PEKTUBHOCTI MapLIpyTy
«Yukaro (IL) — Konxopn (NH)» Ha OCHOBI 3aCTOCYBaHHS 1HTETPajJbHOTO MOKAa3HHKA
e(eKTHBHOCTI MapuIpyTy BaHTaxHHUX nepeBesdeHb y CLIA, skuit 3agaerbes Gpopmy-
moto (1). Came mepeBe3eHHsI 3MIMCHIOETHCS TAKOIO MOCIIIIO OHOJIAHKOBOTO aBTOTIO-
i3ma Freightliner Cascadia 2023, mms sikoi iHmekc edekTuBHOCTI aBTomnoizna £ = 0,54.

Mapupyty Ne 1 (uepe3 1-90 i3 niiatHumu ginssakamu), Tadsua. 2:

Tabmug 2
MapumpyTt Yukaro (IL) — Kouxopa (NH)
ITapameTpu 3HaueHHs
1 2
MapmipyT Uepes [-90 — Ohio Turnpike — New York Thruway
Bincranp ~964 mwti (=1 550 xm)
Uac y noposi 16—17 ron 6e3 3ynuHOK; 1822 rox 3 ypaxyBaHHIM Tpadiky
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[Mponowxenus Tadmuii 2

1 2
Penmbed [lepeBaykHO piIBHUHHMI; JIeTKi ropoucTocTi omkde 1o Hero-I'emnmmpa
Tpadik Bucoxknii y 30uax Buffalo-Rochester Ta 6ixs Hpio-Hopka
30HU BiIMTOYHHKY Urncnenni (ocobmuBo Ha [-90/1-80), Hamp. Oasis 6inms1 Ynkaro

®dinaHCcoOBI po3paxyHKH, Ta0MI. 3:

Tabmums 3
CrarTd BUTpaT Pospaxynox Cyma (USD) | Cyma (rpn)
[ManbHe 964 /6,5= 148 ran. x $ 3,90 $577,20 |~ 23 545 rpu
[Tnarni goporu (tolls)| Skyway + Indiana + Ohio + NY Thruway| ~$ 85,00 =~ 3468 rpH
Omnnara Bomi€eBi 964 x $ 0,62 $597,68 |=24400 rpu

3aranpHi BuTpary | | $1 259,88 | = 51 400 rpH |(3a cepeanim kypcom $1 ~ 40,80 rpH).

VY xoxi peanizanii ocHOBHHX eTariB Metoay aHaniTuuHoi iepapxii T. CAATI oxep-
JKAHO TaKi pe3yJbTaTy.

[ToOynoBara MaTpuIlsd TONMAPHUX MTOPIBHAHD €(hDeKTUBHOCTI MapIIpyTy.

Jns necsT 3a3HavYeHHUX BUILE YHHHUKIB MPOBECHI MOMAPHi MOPIBHAHHS 32 LIKa-
noto Caari (Bix 1 10 9 a0 iX 0OepHEHNX 3HAYCHB). (5)

OO0uncneHi BaroBi koedillieHTH Ta BUKOHAHA MEPeBipKa y3TOPKEHOCTI.

®dopmyna iHTEerpanbHOro nokasHuka (1)

§=0,0697- N, +0,0507- N, +0,0417- N, +0,2249- N, +0,3085- N, +

+0,0388- N, +0,0289-N, +0,0296- N, +0,0285- N, +0,1787- N,
ne N, — HOpMaJsii30BaHi YMHHUKY 32 popmynamu (2), (3).
1. HaiiBniuBoBiui kputepii: Bukopuctanas BanTaxxnocTi (30,85 %), penradensb-
HicTh (22,49 %), edextuBHicTh aBTonoizaa (17,87 %).
[NepeBipka BUKOHaHHSI yMOBH Y3TOJPKEHOCTI OI[IHOK €KCIIEPTIB 3a JJOMIOMOTOIO 1HIEKCY
Y3TOMKCHOCTI ISl YHUKHEHHS CyTICPEWINBHX PIllICHb 3p0o0iieHa 3a TAKUMHE (DOpMyIIaMH.
Innekc ysromkenocti (CI):
Cl =My — 1)/ (n—1), (6)
Binnomenns ysromkeHocti (CR):
CR=CI/R, (7
JIe BUITQJIKOBHI 1HACKC y3roukeHocTi Rl =1,49 pu n =10. Marpuiis monapHux mopis-
HSIHb BBOKAETHCS 10Ope y3romKeHoto, Ko CR <0, 1.
JloriuHo y3rojpkeHa MaTpHIls MONAPHUX IMOPIBHSIHB 3 ypaXyBaHHSM BaXXJIUBOCTI
KpUTepiiB mogana y Taon. 4.

Tabmurs 4
v = o
28 | B¢ 5
= = g Q.' E) = = E
2 g g | 2 el < |3 | 8| E
g S E g | & = | B | E & | g
E =g | E|E|E |5 2|32 ¢ 2
= 2| F | & | R |84 8| 2 |2E| 2| =
1 2 3 4 5 6 7 8 9 10 11
Baprictb 1 2 3 1/5 | 1/7 3 3 2 3 1/6
Yac 1/2 1 2 1/6 1/6 2 2 2 2 1/7
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1 2 3 4 5 6 7 8 9 10 11
Pusuku 1/3 | 12 1 1/7 | 1/7 2 2 2 2 1/6
PeHTabenbHiCTh 5 6 7 1 1/3 6 5 6 5 3
B.I/IIiOpI/ICTaH'HH BaHTaKO- 7 6 7 3 1 5 6 7 6 4
11 IHOMHOCTI
3onu iHTeHCHUBHOCTI pyxy | 1/3 | 1/2 | 1/2 | 1/6 | 1/5 1 2 2 2 1/5
MocTtu/TyHeni 13 [ 12 12 | 1/5]1/6 |12 1 1 1 1/6
Ilepenaau BUCOT 12 112 12 11/6 | 17|12 1 1 1 1/5
[loBopoTH 13 [ 12 12 | 1/5 ] 1/7 (112 1 1 1 1/6
EdextuBHiCTh aBTOmoOizga 6 7 6 1/3 | 1/4 5 6 5 6 1

2. Peanizanis nepeBipKH y3roa:KeHoOCTi:
HaBenemo OLIHKA MaKCUMAJILHOTO 3HAYEHHS BIIACHUX YMCEI 2 MaTpHUIli OPiB-
HSIHB Ta 1HJeKCy y3rompkeHocti CL: A, =10,61;

Cl = (kmax —n)/(n—l) = (10,61—10)/9 =0,619=0,068.
UwucnoBe 3Ha4eHHS BiHOIICHHS y3ro/pkeHocTi CR:
CR=CI/RI=0,068/1,49=0,046.

3. BHCHOBOK MO y3roaKeHOCTi:

CR = 0,046 < 0,1 — maTpu1lsg mormapHUX MOPIBHIHB JOCTAaTHBO Y3TO/HKeHA. Brukopuc-
TaHO OTPUMAaHI Barw ISl OOUMCICHHS IHTETPaIBHOTO 1HICKCY.

IHTerpansHmii iHmeKe eeKTUBHOCTI MapIIpyTy o0urcieHnt 3a popmyroro (1): £=0,666.

» Jlnsg marpulli momapHuX mopiBHAHL oTpuMano CR = 0,046 < 0,1, oTxe, OIIHKH
Y3TOIIKCHI.

* Baru xpuTepiiB po3paxoBaHi.

» [aTerpanpamii iHAeKC ehekTHBHOCTI MapmpyTy Ne 1 cranoButs 0,666 (30 10 1) —
JIOCUTH BUCOKHUH TTOKa3HUK €(PEKTUBHOCTI 3 YPaXyBaHHIM ITapaMETPiB MapIIpyTy.

Po3paxyHku iHTETpaIbHUX TOKa3HUKIB eheKTHBHOCTI MapmpyTiB Ne 2, No 3, Ne 4
BHKOHAHO 32 aJITOPUTMOM, SIKHI BUKOPUCTAHO IS po3paxyHKy MapmpyTy Ne 1. Peajibhi
BuxiaHi mapamerpu mapmpyty Ne 2 (I-80 — Interstate 76 — 1-95/1-93), Taou. 5.

Tabmuma 5
IHapamerpn 3HaueHHHA
Bincranp ~960-970 Muib (=1 545—1 560 xm)
Tac y 10posi ﬁi;a%;x;?% (()'éigi?)Tpaqu y ®Dinagensoii,
TMnarsi noporw (tolls) * Indiana Toll Road - $ 15,50+ Ohio Turnpike —
$ 16,50 NJ/PA Turnpike — $ 25-28
Tpadix [HTeHCHBHMI, ocobmuBo y micrax [lencubBa-
Hii, Hero-JIxepci
pemc Sarow pa s aropbucto s
30HU 3 BUCOKOIO iHTEHCHBHICTIO PyXY ~60 kM (TycTi 3aTOpH Y Meraroicax)
KinpkicTs MOCTIB / TyHEINIB 3 OOMexeHHIMH | 4
CymapHi niepemnaai BUCOTH Opiertosro 300 m
KinbKicTh CKJIaJHUX TOBOPOTIB Bbrmspko 12
EdexruBHicTh aBTONOI3/1a Koncranra: 0,8 (Freightliner Cascadia 2023)
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BucHoBok. [HTerpanbHuii moka3HUK ehekTuBHOCTI MapiipyTy Ne 2 nopisHtoe 0,659
(3a mkasnoro Bix 0 70 1).

Lle Tpoxu Huxue, Hixk s MapmpyTy Ne 1 (0,666), mo BimoOpaxae Oinbimii yac,
IHTCHCUBHICTB PYXY 1 IUIATHIO 32 JIOPOTY.

MapupyT Ne 2 nemro MeHI e(heKTHBHUN 3a KPUTEPISIMH, alie BCE OJIHO Ma€ JOBOII
BUCOKHH 1HJEKC e()eKTHBHOCTI (3a mKkanoro Bij 0 o 1).

Bxinni napamerpu mapmpyty Ne 3 (uepe3 Pittsburgh PA), Taoa. 6.

Tabmuis 6
IMapametpu 3HauyeHHsA

Bincranb ~990 muitb (=1 593 km)
Yac y n0posi ~19-23 rox (uepe3 penned i 3atopu B Cleveland, Pittsburgh)
[aarai nopor (tolls) |, Onio Tumpike - ~$.16.30

* Pennsylvania Turnpike (4epe3 Pittsburgh) — ~§ 24-28
Tpadix Inrencuauit y Cleveland ta Pittsburgh, moxiuBi 3arpumkn
Penped XBuyenoniOHa TipchbKka MiCIIEBICTb, sIKa YCKIATHIOE PyX
30HU BiAMTOYHHKY Jocratapo, aje kKoM(pOpT 3aJIEKUTH BiJl CKIATHOTO penbedy

Bignosinnb:

IaTerpanpamii mokazHuk edexruBHOCTI Mapmpyty Ne 3 mopiBHioe 0,634 (3a mika-
moro Bim 0 mo 1).

Lle o3nauae, 1o MapmpyT € 10BOII e(heKTUBHUM, X04a i JIEII0 MMPOTpae MapIipyTam
Ne 1 (0,666) ta Ne 2 (0,659) gepe3 OiIbIm Tepenaad BUCOT, MOXIIMBI 3aTOPH Ta dac
y mopo3i. BapTicTs MapmipyTy BBaKa€MO MaKCHMaJIbHOIO Yepe3 HaOIbIli BUTPATH HA
MajbHE Ta IUIATHI JOPOTH.

Mapmpyr Ne4: AubTepHATHBHUII MapumpyT 0e3 IJaTHHX Aopir (depe3
JIOKAJIbHI/MiChKI TIJITHKH)

Tab6muws 7
IMapamerpnu 3HaueHHs
Bapricts (TbKHN nanbHe) ~ $ 700 (4epe3 00’1301 Ta TOBIIMH MapLIpyT)
[TmatHi noporu Biacyrhi (ruiara $ 0)
Yac y noposi ~22 rox (qppe3 MICBKI TUISTHKH Ta OOMEKEHHS
MIBUIKOCT1)
N — 0,55 (3HMKEeHa yepe3 BHILI BUTpATH vacy /
TIAJTBHOTO)
BuxopucTanHs BAaHTaXOIIi THOMHOCTI 0,85
3 . . ~65 kM (gepes O6UTbITy ypOaHi30BaHICTh MapIII-
OHH 3 BUCOKOIO IHTEHCHUBHICTIO PYXY
pyTY)
KinpKicTh MOCTIB/TYHENIB 3 OOMEXeHHAMHU |4
Ilepenaau BuCOTH ~350 M (uepe3 noapibHeHni penbed Ta 00’ i3a1)
KinmpKicTh CKIIaIHUX TTOBOPOTIB ~15 (uepes micmeBi Joporu Ta 00 i371)
E . .. 0,8 (Freightliner Cascadia 2023, sk i B iHITUX
(heKTHBHICTH aBTOMOI3/1a
MapIIpyTax)

Pesyabrar: IaTerpanpHuii moka3sHUK e(EeKTHBHOCTI MapmipyTy Ne4 mopiBHIOE
~ 0,648 (3a mkamoro Bim 0 mo 1).
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OTixe, BCTAHOBJICHO:

1. HaitepexTuBHIIINM 3a CyKymHicTIO KputepiiB (iHmekc 0,666) € MapmpyT
Ne 1 (yiTka MaricTpaib, ONTUMAILHUHN Tpadik/BiACTaHb, X0U i IPUCYTHI IUIaTHI JOPOTH).

2. Mapupyt Ne 4 (moBHicTIO 0€3 TIIATHUX JOPIr) IEMOHCTPYE JOCUTH BUCOKY e(eK-
tuBHICTH (0,648), X0U JeI0 MOCTYNAETHCS MAPIIPYTaM i3 MaricTpajJbHUMU TUIATHUMH
CerMeHTaMU 4yepes JIOBIIUIT Yac Ta MiJIBUICHEe HABAaHTKEHHS Ha JIOKAIbHI JIOPOTH.

3. Mapmpyt Ne 3 wnaiimenm edextuBuuii (0,634) yepe3 HaWOIIBII BUTpaTH Ha
najbHe, epenaan BUCOT, 00’ 13au Ta 3aropu Oins [liTTcOypra.

4. SIK110 HAMTOJOBHIII KPUTEPIT AJIst KOMIIAHIT — I1€ BIJICYTHICTh JJOaTKOBUX BUTPAT
Ha tolls Ta 1opuaMYHA KOPEKTHICTh BAHTAKHOTO PyXY, MapmpyT Ne 4 € onTUMaIbHIM.

5. SIKmIo KJIIOYOBMMH € OTICPATUBHICTh, MPOTHO30BAHICTh Yacy JIOCTaBKH H 3pyd-
HOCTI JIJIs1 BEJIMKOTO aBTOMOi3/1a, OimbIn BUTiAHI MaprmipyTa Ne 1 Ta Ne 2 (ame 3 BuTpa-
TaMU Ha TUIATHI TOPOTH).

Tabmurg 8
opiBHsIIbHA TA0JHMLISA €JIEMEHTIB Ta IHTerpaJbHUX NOKA3HUKIB e()eKTUBHOCTI
AJIS1 YOTHPbLOX MAPUIPYTiB BaHTAa:KHUX NepeBesenb y CILIA

Kpurepiii/ Mapupyr | ¥ 1(1-90 NeZ(LBUL-76,) i, 3 (190 wepes | Ne 4 (Toll-free
3 tolls) toll) Pittsburgh) truck-legal)

Bapricts ($) 662,20 633,20 1000 (MakcuMyM) 700
Yac (roguum) 20 21 21 22
[Tnarus / pusuku ($) 85 56 45 0
PenradenbHicTs (0—1) 0,6 0,6 0,6 0,55
g;‘;gg‘g}?gfffa‘*m”“’mﬂ 0,85 0,85 0,85 0,85
30HM 3 BUCOKOKO IHTCHCHB- 50 60 55 65
HICTIO PyXy (KM)
KinmpKkicTh MOCTIB / TyHEIIB 3 4 4 4
[lepenaan BUCOT (M) 200 300 350 350
KinbKicTh CKITaIHUX MTOBOPOTIB 10 12 12 15
EdexruBnicts aBromnoizna (0—1) 0,8 0,8 0,8 0,8
HopMoBaue sEaTeHAA 0,666 0,659 0,634 0,648
innekcy epexTuBHocTi (0—1) ’ ’ ’ ’

AHaJ1i3 OpiBHSUIbHOT Ta0NuIl (Tab. 8) 103BOJISIE CTBEPKYBATH TaKe:

1. 3acmocysanns memoody ananizy iepapxiii Caami (AHP) 3a06e3neuaye dpopmaiza-
1Iif0 TIPOTIECY MPUHHSTTS PIlIeHb Y BHOOPI MapIIPYTY, TO3BOJISIOUHN ITOETHATH KiJIbKICHI
Ta SIKICHI KpUTEPil B €IUHY IHTETpalIbHY OI[IHKY €(DeKTUBHOCTI.

2. Ilopienanvna oyinka womupvox mapuipymie mixc Yukazo (IL) i Konkopoom
(NH) neMoHcTpye, IO MapuipyT i3 miuatHuMu jgoporamu (Ne 1) BusiBuBcsi Haitedek-
tuBHinmM (ingekc 0,666), ockiibku 3a0e3nedye HaMKpalle CIiBBIIHOIICHHS BUTPAT,
gacy Ta JIOTICTHYHOI 3py9YHOCTI. ATBTepHATUBHIN MapIipyT 6e3 miatHux gopir (Ne 4)
roka3aB J0BoJIi BUCOKY edektuBHicTh (0,648), 10 poOUTh HOro MOIIIEHUM 32 YMOB
00MEeKEeHOTro OroKeTy a00 He0OXiAHOCTI yHUKHEHHS toll-30H.

3. Buseneno knwouogi npodnemu, mo 0OMEXYIOTh TOUHICTD 1 aJalTHBHICTh MapI-
PYTHOTO TUTaHYBaHHSI: HEIOCTATHICTH SIKICHUX JIaHHUX, ITHOPYBaHHS MOTOIHUX 1 IOPOXK-
HIX YUHHHKIB, HU3bKWH piBeHb MU POBi3alii MPOIECIB.
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4. 3anpononosana excnepmuo-QyHKyionanibHa modens cPEKTUBHOCTI MapIipy-
TiB 3 BUKOPHCTaHHAM HOpMyBaHHs Ta AHP € npunarHoro uist BpoBaKeHHS y CHCTe-
Max JIOTICTHYHOTO TUIaHYBaHHS TPAHCTIOPTHUX KOMITaHiM.

BucHoBok

Po3pobnena koHmeniyist MOOYIOBH EKCIIEPTHO-(YHKIIOHAIBLHOI MOJIENi  OI[IHKH
e(eKTHBHOCTI MapIIPyTiB IN3EIBHUX aBTOMOI3/IB 3 YpaxyBaHHSIM €HEPreTHYHOI, TPaH-
CIIOPTHOT Ta IOPOKHBOT €(hEKTUBHOCTI 3aCO0IB IMEPEBE3CHbB JIa€ 3MOTY 3MIMCHUTH KOMII-
JIEKCHY OIIIHKY €()eKTUBHOCTI MapIIpyTiB TU3EIHbHIX aBTOIOI3/IiB, IHTEIPYIOYN KpPHUTE-
pii eHepreTHYHO1, TPAHCIIOPTHOT Ta JOPOKHBOI e(DEKTUBHOCTI; paHKyBaTH MapUIPyTH
JIM3ENbHIX aBTOTOI3/IiB 32 IHTETpaJIbHUM TOKA3HIUKOM €()EKTHBHOCTI, & TAKOXK OOTpyH-
TOBYBaTH BUOIp ONTHMAILHUX MapIIPYTiB 3 ypaxyBaHHSIM iHTETpaibHOI e(hEeKTHBHOCTI
3ac001B MEPEBE3CHb.

3anpornoHoBaHa KOHIEHIIS EKCHEePTHO-(YHKIIOHAIBHOT Mojzeli e()eKTUBHOCTI
MapHUIpyTiB 3 BUKOPUCTaHHSM HOpMyBaHHsS Ta AHP Moke OyTn BIpoBaPkeHOIO y CHC-
TeMax JIOTICTUYHOTO TUIAaHYBaHHS TPAHCIIOPTHUX KOMIIaHiH.
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Summary

Introduction. This article explores the alignment of European intermodal
transportation companies with the United Nations Sustainable Development Goals
(SDGs) as part of the global sustainability agenda. In the context of increasing attention
to sustainable development, transport companies have begun actively integrating
the SDGs into their operational strategies. These efforts reflect a growing recognition
that logistics chains must not only be economically efficient but also environmentally
responsible and socially inclusive.

The primary aim of this research is to examine the extent and nature of sustainable
development initiatives among intermodal transport operators across Europe. Using
a Case Study Research methodology, the study analyzes 123 companies, both signatories
of the UN Global Compact and those that independently commit to sustainability
principles. The analysis identifies ten key areas of activity — such as decarbonization,
safety, gender equality, waste management, and anti-corruption — through which
companies engage with the SDGs.

Thefindings reveal that the most systematic and ambitious sustainability practices are
pursued by large multinational corporations such as Maersk, CMA CGM, and Kuehne +
Nagel. These companies have sufficient resources to invest in innovative technologies,
digitalization, responsible procurement, and diversity initiatives. In contrast, smaller
operators tend to adopt more flexible approaches, selecting specific SDG targets that
align closely with their business capacities and market conditions. Despite the lack
of a unified framework for sustainability implementation across the sector, many firms
have successfully integrated ethical standards, environmental safeguards, and inclusive
labor policies into their value chains.

The study concludes that intermodal transport is a critical enabler of sustainable
development, particularly in the areas of climate action, decent work, and responsible
production. However, effective implementation of sustainability goals requires not
only corporate commitment but also collaborative action through international
alliances and coalitions. As such, partnerships — such as the Clean Cargo Working
Group, the Getting to Zero Coalition, and the Maritime Anti-Corruption Network play
an essential role in advancing global SDG progress within the transport sector. This

© Drozhzhyn O.L., Volianskyi F.A., 2025
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paper underscores the importance of multidimensional, adaptable strategies tailored to
each company s operational context and global sustainability trends.

Key words: intermodal transportation, sustainable development, SDGs, liner
shipping, maritime transport, container delivery.
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Anomauisn

Bemyn. Y cmammi 0ocniodicyemubcsi 8i0n08IOHICMb €8PONEUCOKUX KOMNAHIU, WO
30MICHIOIOMb THMEPMOOANbHI nepege3enHs, yitam cmanoeo possumky (L{CP), eusna-
yenum Opeanizayiero Q6 eonanux Hayiil, K cKAaOHUKA 2100A1bHO20 NOPSOKY OEHHO20
cmanoeo pozeumky. B ymosax 3pocmarouoi yeazu 00 NPUHYUNIE CALO20 PO3GUMKY
mpancnopmui komnauii 0eoani akmushiwe inmezpyioms L{CP y ceoi onepayitini cmpa-
meeii. Taki 3ycunnsn ceiouams nNpo YC8IOOMAEHHS MO20, W0 MPAHCHOPMHI JAHYIO2U
Maromes 6ymu He uuie eKOHOMIYHO eeKmUsHUMU, d U eKONO2IYHO 8i0N08I0ANbHUMU
ma coyianbHo IHKAO3UBHUMU.

Memoro docniddcenns € oyinka macumady ma xapaxkmepy 6npo8a0NCeH sl iHiyia-
Mmug Cmanoeo po3sUmMKy ceped Onepamopis iHmepmoOodlbHUX nepegesens )y €8poni.
Memoodom ketic-0ocaioxcenHs npoananizo8ano Jisnvricmo 123 komnaniil, K y4acHUKIG
Tobanvnozo dozosopy OOH, max i mux, Xmo camocmiino peanizye nowmuKy cma-
1020 po3sumKy. Budineno decsimov ocnosHux Hanpsamie OisibHOCMI KOMNAHIU, yepes SKi
peanizyromocs 8ionogioni LJCP, 3oxpema dexapbonizayis, be3nexa, renoepHa pieHicmo,
VIPABIIHHS 8i0X00aMU MA AHMUKOPYNYIUHT 3AX00U.

Pezynomamu 0ocniodicentst NOKA3Y10Mb, Wo HAUNOCIIOOBHIWI Ma HAUAMOIMHIUL
NPAKMUKY BNPOBAONHCYIOMbCS ENUKUMU MPAHCHAYIOHATbHUMU KOPNOPAYIAMU, MAKUMU
sax Maersk, CMA CGM ma Kuehne + Nagel. Taki komnanii maioms docums pecypcie
OJ1s1 IHBeCMYBANHS 8 [HHOBAYIUHI MeXHON02Il, Yupposizayiio, 8iON0BIOANbHI 3AKYNIGII
ma npoepamu 3 iHK03usHOcmi. Menwi onepamopu, c80€i0 uep2oio, 3acmoco8yiomb
SHYUKUL NiOXI0, eudbupaiouu mi yini, wo Hauobiltbule i0N08i0aioms iXHiM onepayitiHum
MOMNCIUBOCMAM | pUHKOBUM yMmosam. Hezeaowcarouu nma giocymuicmes €0unHozo cmaw-
oapmy 8npo8adNHCeHHs CMAIUX NPAKMUK, 6a2amo KOMNAHIl yce YCRIWHO inmezpysau
eMUYHi HOPMU, eKONO2IYHI CMandapmu ma NoaAiMuKu CoyianbHol 8i0n08i0anbHOC
¥V €801 102ICMUYHI IAHYIOSU.

3pobneno 6UCHOBOK, 10 IHMEPMOOANbHI Nepede3eH s 8idieparms KiU408) poilb
y 0ocsieHenHi yinell cmano2o po3sUmKYy, 30kpema y cihepax KiimamuuHux Oiu, 2io-
Hol mpayi ma 6i0nosidanvbHoco eupoonuymea. llpome eghexmuene 6npoeadlcenHs
L[CP nompebye ne nuuie 3ycuib oKpemux KOMRAHil, a i cnintbHux Oiil yepe3 yuacmo
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V MidcHapoOHux iniyiamueax i koaniyisx. Ilapmuepcmea na xwmanm Clean Cargo
Working Group, Getting to Zero Coalition ma Maritime Anti-Corruption Network
Manmov UpiulaibHe 3HAYeHHs 015 2100abHOo20 npozpecy ¥ cghepi cmanozo mpaw-
cnopmy. ¥ cmammi niOKpecaioemvpes 8adCIUGiCms 0a2amosuUMIpHUX i a0anmueHux
cmpameziil, AKi 8paxo8yioms K onepayiunull KOHmMeKcm KOMRAHil, max i ceimosi
menoenyii cmanoeo po3sumxy.

Knrouosi cnosa: inmepmooanshi nepesezenns, cmanuti pozeumox, L{CP, ninitini
nepese3enHsl, MOPCbKULl MPAHCNopm, 00CMABKa KOHMelHepIs.

Introduction. The Sustainable Development Goals (SDGs) were adopted by all
United Nations member states with the aim of achieving them by 2030, in accordance with
the “2030 Agenda for Sustainable Development” [2]. The SDGs serve as a framework
for governments to enhance the sustainability of their societies and, ultimately, the world
as a whole. However, various organizations and international transport companies
have begun to interpret and implement the SDGs differently, using them as tools for
analyzing and shaping internal policies to align with this global agenda. The SDGs are
intended to help companies assess different aspects of their business models in order to
identify potential risks and develop strategies for their mitigation or elimination. This
approach allows businesses to prioritize specific goals according to their operational
profiles and focus on addressing related challenges.

The intermodal container transportation system incorporates several dimensions that
can be classified as priorities from a sustainable development perspective.

Sustainable development in the context of intermodal transport is viewed through
the lens of establishing principles not only for the operation of the intermodal operator
itself but also for the selection criteria of partner companies (agents, actual carriers,
terminal operators, and other third parties). These principles include:

— economic — efficient and responsible use of resources, aimed at ensuring long-
term profitability and viability of the intermodal business;

— environmental — reduction of waste and carbon footprint during intermodal
deliveries and maximization of energy efficiency to minimize negative impacts on
the environment (e.g., pollution and global warming);

— social —focus on initiatives such as safety, health, diversity, and inclusiveness among
intermodal company employees to foster healthier and more self-sufficient communities.

Literature review. The first academic publications dedicated to sustainable development
in the transport sector began to emerge in the late 1980s and early 1990s, following the rise in
popularity of the sustainability concept after the release of the “Our Common Future” report,
widely known as the Brundtland Report [1], by the World Commission on Environment
and Development. Alongside initial attempts to define sustainable development, early
scholarly works appeared in the context of the transport industry, including the contributions
of D. Banister, D. Gordon, P. Nijkamp, J. Whitelegg, and S. Owens [2—6].

This review is based on the analysis of the activities of leading intermodal container
operators and their alignment with the United Nations Sustainable Development Goals
(SDGs). These SDGs were established by the UN in 2015 as a “universal call to action
to end poverty, protect the planet, and improve the lives and prospects of everyone,
everywhere” [7].
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Today, the topic of sustainable development in transportation is examined from
various perspectives: global frameworks, maritime shipping, individual SDGs,
regional strategies, and case-based analyses. For instance, the sustainability strategies
of container shipping companies have been addressed in works such as [12—15],
while other studies explore the implementation of sustainability principles in specific
seaports across different regions, including: Finland [16], Brazil [17], Indonesia [18],
Greece [19], South Korea [20], the United Kingdom [21], Taiwan (Kaohsiung) [22-23],
the Netherlands (Amsterdam) [24], Spain (Port of Barcelona) [25], Vietnam
(25 ports) [26], and Canada (18 ports) [27].

The diversity and volume of highly cited publications on sustainable transportation,
along with the emergence of dedicated academic journals addressing shipping-related
sustainability issues, clearly demonstrate a growing academic and professional interest
in this subject area.

Research area and methodology. Unfortunately, the direct implementation
of the general transport-related SDGs outlined in [34] as a roadmap for intermodal
transport companies is not entirely feasible due to the following reasons:

— the specific nature of intermodal transport companies lies in freight operations,
which inherently limits their ability to support targets associated with passenger mobility
(e.g., SDG 11.2 — access to safe, affordable public transport, and SDG 3.6 — reducing
traffic-related deaths and injuries);

— the diversity among intermodal transport companies — in terms of resource availability,
financial capacity, operational profiles, workforce size, and geographic scope — allows them
to selectively adopt SDGs that are aligned with their capabilities and priorities;

— an intermodal company may commit to sustainable development objectives
either formally (e.g., by signing the UN Global Compact) or informally by
voluntarily integrating sustainability principles into their operations without
external declarations.

Fig. 1 presents the number of European transport companies (sector: “Industrial
Transportation™) that have joined the UN Global Compact as of May 2025, indicating
their formal alignment with the sustainable development agenda.

Among the listed signatories, the leading countries are France, Germany,
and Denmark. However, it is evident that only a portion of all transport companies
included in the statistics actually provide intermodal services.

The analysis of intermodal transport companies’ engagement in sustainable
practices was conducted using the Case Study Research (CSR) approach. A total
of 123 European companies were studied, including both signatories of the UN Global
Compact and those that independently commit to sustainability principles. The study
focused on annual and sustainability reports of intermodal operators headquartered
in EU countries, aiming to assess the scope and focus of their sustainability-oriented
business activities.

Presentation of the main research material. As previously noted, companies
independently define the hierarchy of priorities, identifying which tasks are most
relevant to their business, and where they can exert influence and bear responsibility for
mitigating negative impacts.
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Fig. 1. European countries whose intermodal transport companies have joined
the UN Global Compact initiative as of May 2025

All SDG-related initiatives of a particular company can be broadly classified into
three categories:

— areas with a high potential for large-scale positive impact;

— areas where the company sees an opportunity for direct or indirect positive
contribution;

— areas where there is potential to minimize or prevent negative consequences.

This paper identifies ten key fields of activity for intermodal transport companies
(Fig. 2), through which their alignment with the Sustainable Development Goals (SDGs)
is examined: establishing sustainable intermodal chains; decarbonization programs;
security; responsible ships recycling; supporting diversity and inclusion; employee-
employer relations policies; responsible procurement; air emissions; protecting ocean
health/spills preventing; anti-corruption.

Application of Intermodal Supply Chains. The implementation of intermodal
supply chains contributes to the achievement of several United Nations Sustainable
Development Goals (SDGs). The creation of sustainable intermodal connections is
directly aligned with SDGs 8.2, 8.3, 8.5, 9.3, 12.3, 17.10, and 17.16.
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Fig. 2. Intermodal fields of activities and SDS's (Source: Compiled by the authors)

For example, the TradeLens platform (developed by IBM and GTD Solution,
a division of Maersk) enabled integration of over 220 organizations, including ocean
carriers, ports, and terminals, providing access to data representing nearly half of global
containerized seaborne trade. Maersk is also planning two pilot projects within
a multilateral initiative aimed at automating advance cargo information for developing
countries (SDGs 17.10, 17.16) [22].

More than 4.000 active clients of Twill/Maersk Go and nearly 1.700 participants
in its webinars and coaching programs have been recorded. Additionally, Maersk has
invested in 21 start-ups supporting small and medium-sized enterprises (SMEs) in trade
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facilitation, reaching over 15.000 clients. Trade procedure reform support was provided
in 10 countries. Its cold chain logistics business serves hundreds of clients in nearly
50 countries (SDG 17.6). Communication with small businesses is facilitated through
the Maersk Mobile App (SDG 8.2).

In 2024, CMA CGM introduced TANGRAM, a program consisting of three core
modules: Artificial Intelligence (with BCG University), Leadership (with HEC Paris),
and Climate (with Imperial College London), contributing to SDG target 8.5. In
the same year, the company launched the She Sails program, aimed at promoting
maritime careers for women, with the goal of having 500 female crew members by
2026 (SDGs 17.10, 8.3).

Decarbonization Programs. Regulatory frameworks — particularly in the European
Union — are evolving in response to climate change, with a focus on sustainability
and decarbonization. Business entities engaged in intermodal transport are implementing
decarbonization strategies aligned with SDGs 7.3, 13.1, and 17.16.

The main contributions to energy efficiency stem from various initiatives, including
fleet modernization, deployment of energy monitoring systems, and optimization
of transport operations. For instance, Maersk utilizes the Star Connect monitoring
system installed on all vessels, enabling real-time tracking of engine performance. This
data assists crews in selecting optimal, fuel-efficient routes (SDG 7.3).

ZIM has set a target to reduce its carbon intensity (g CO2/TEU-km) by 30 % by
2025 compared to the 2021 baseline. To enhance resilience and adaptation to climate-
related disruptions (SDG13.1), ZIM identified five major climate risks for monitoring:
Sea-level changes; Regulatory developments; IMO Carbon Intensity Indicator (CII);
Extreme weather events; Inaccurate greenhouse gas (GHG) emissions management.

CMA CGM has committed to achieving net-zero carbon emissions across all
operations by 2050 and set two intermediate targets in maritime transport: a 30 %
reduction in GHG emissions by 2030 and an 80 % reduction by 2040 (compared
to 2008 levels). Moreover, the company adopted a strategic modal shift: 70 %
of intermodal road transport operations were transitioned to lower-carbon options
such as rail and barge.

A strong example of collaborative sustainable development is the joint initiative
among intermodal companies such as Kuehne + Nagel, CMA CGM (which owns
CEVA Logistics), and PSA (a co-owner of Loconi Intermodal S.A.). These entities
are engaged in joint R&D efforts with 20 industrial partners within the Coalition for
the Energy of the Future, aiming to accelerate the energy transition in global supply
chains (SDG 17.16).

Safety. In the context of intermodal transport companies, safety issues — particularly
inrelation to SDG 8.8 —are of critical importance, given the sector’s reliance on a diverse
and often vulnerable workforce. This includes drivers, dockworkers, equipment
operators, third-party personnel, and subcontractors across various transport modes
and intermodal nodes.

Safety measures typically involve the deployment of real-time monitoring systems on
cranes and forklifts, as well as the organization of hazard identification and emergency
response training sessions. These measures form part of integrated corporate Health,
Safety, Security, Environmental, and Quality (HSSE) management systems.
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The intermodal transport sector operates using both directly employed staff under
formal labor contracts and outsourced services from third parties. In both cases, ethical
labor standards must be maintained — ensuring fair remuneration, social protection,
and the right to participate in trade unions or labor committees. Since a significant
portion of intermodal operations is executed through partner companies, adherence to
common business ethics across the value chain is crucial.

Notable examples of codified partnership standards include the DB Code of Conduct
for Business Partners [24], the Kuehne+Nagel Supplier Code of Conduct [25],
and Hupac Intermodal’s ethical guidelines [26]. These documents incorporate provisions
prohibiting forced and child labor, upholding freedom of association, enforcing fair
wages, and setting environmental criteria for logistics partners. They also address
migrant worker rights, compliance with international labor standards (ILO, UNGP),
workplace safety, and anti-corruption policies.

Leading intermodal operators are increasingly implementing mentorship programs
for women in operational roles and are creating inclusive environments tailored to
their needs. These efforts include the provision of gender-specific personal protective
equipment (PPE), anti-harassment policies, and initiatives to ensure equal access to job
opportunities and career advancement.

Responsible Ship Recycling. Ship recycling initiatives are typically undertaken
by major intermodal transport operators that own and manage maritime fleets. These
programs support the achievement of SDGs 8.8, 14.1, and 17.16. They are implemented
under internal frameworks such as the Maersk Responsible Ship Recycling Standard
and the MSC Ship Recycling Policy, in accordance with the 2009 Hong Kong
International Convention for the Safe and Environmentally Sound Recycling of Ships,
the conventions of the International Labour Organization (ILO), the United Nations
Guiding Principles on Business and Human Rights (UNGP), and the OECD Guidelines
for Multinational Enterprises.

Promoting Diversity and Inclusion. This area of activity aligns with SDGs 5.1,
5.5, 10.2, and 10.3. Some of the most impactful diversity initiatives are found in sectors
traditionally dominated by male workforces. For instance, gender equality policies
at Rail Cargo Group (RCG) — primarily operating in the railway sector — have increased
the proportion of women in the workforce to 20.5 %, with women occupying 13 %
of management roles in Austria and 19 % abroad. Furthermore, 45 % of trainees at RCG
are women [29].

Hellmann Worldwide Logistics has established a representative body for employees
with severe disabilities and actively develops tailored integration solutions for candidates
and employees with disabilities [30]. Maersk is recognized for its consistent efforts in
building an inclusive and respectful environment for LGBTQIA+ colleagues [31].

The CFL Group prioritizes diversity and equal career opportunities for all
employees. It is a signatory of the Luxembourg Diversity Charter (IMS — Inspiring More
Sustainability) and the Women in Rail agreement [32]. CFL has published a Gender
Equality Policy and developed a multi-year action plan addressing recruitment, career
development, work-life balance, and the prevention of sexual harassment and sexism.
The company adheres strictly to the MEGA (Ministry of Gender Equality and Diversity)
positive action approach.
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Employer—-Employee Relations Policies. In intermodal transport companies,
employer—employee relations policies are most closely associated with SDGs 8.5, 8.7,
8.8, and 16.3. These initiatives often intersect with diversity and inclusion strategies,
as they are aimed not only at external stakeholders but also at the internal workforce
of the companies themselves.

CEVA Logistics provides an illustrative example of robust and measurable internal
equality policies. The company tracks and discloses several performance indicators,
including the base salary gap between women and men (score: 38/40), individual differences
in salary increases (20/20), disparity in promotion rates (10/15), and the percentage
of employees receiving salary increases after returning from parental leave (15/15).

A key example of SDG 8.5 in practice is the Maersk Academy, a centralized resource
center offering training and mentorship programs to empower employees to meet
business goals while advancing their careers. Leadership development initiatives provide
managers with tools to guide teams effectively while fostering inclusive talent pipelines.

In alignment with SDG 8.6, intermodal companies strictly prohibit child labor
and affirm their compliance with international standards on children’s rights. This
commitment is documented in several policies and codes, such as the MSC Code
of Business Conduct, Kuehne+Nagel Modern Slavery Statement, Hellmann Code
of Conduct, Hupac Code of Conduct, and CEVA Logistics Statement on Fighting
Against Forced Labour and Child Labour in Supply Chains.

Responsible Procurement Policies. According to SDG 12.6, it is recommended,
particularly for large and multinational enterprises, to adopt sustainable production
practices and to report on efficient resource use. Intermodal companies integrate
responsible procurement policies by embedding sustainability principles throughout
the value chain.

These practices are supported through the digitization and standardization
of procurement processes, with particular focus on decarbonization, occupational safety,
and human and labor rights. Strategic sourcing efforts aim to ensure that suppliers uphold
environmental and social standards consistent with corporate sustainability goals.

Air emissions. Efforts to reduce air emissions support SDG 3.9, which seeks to
minimize deaths and illnesses caused by hazardous chemicals and air, water, and soil
pollution. A notable example of coordinated efforts in this direction is the joint initiative
by CEVA Logistics, ENGIE, and SANEF to establish the European Clean Transport
Network (ECTN). This alliance is focused on deploying charging infrastructure for
heavy-duty trucks along highways, powered by low-carbon fuels such as biogas,
hydrogen, and electricity [34].

Hapag-Lloyd has partnered with the environmental organization One Earth — One
Ocean to combat marine pollution. The company operates specialized maritime waste
collection vessels, such as SeeHamster and SeeKiihe, tasked with the removal of oil,
chemicals, and plastic waste from global waterways [35].

SDG target 14.1 is addressed through corporate standards aimed at preventing
and reducing marine pollution, as well as active participation in global initiatives. Several
intermodal operators, including DB Schenker, MSC, Kuehne+Nagel, Hapag, and CMA
CGM, collaborate with Ocean Conservancy [36], and are members of the Clean Cargo
Working Group (CCWG) [37].
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Ocean Protection incl. Spill Prevention. Activities in this area support not only
SDGs 3.9 and 14.1 but also 14.3, through the promotion of effective regulations
on marine resource extraction, reduction of harmful emissions, and the adoption
of environmentally friendly technologies.

These efforts are also closely linked to SDG 17.6, which emphasizes the importance
of international scientific and technological cooperation for sustainable development.
Intermodal companies engage in global alliances and partnerships such as the Clean
Cargo Working Group, Digital Container Shipping Association (DCSA), Getting
to Zero Coalition, and the Global Centre for Maritime Decarbonization (GCMD).
Initiatives like the Hydrogen Council and the European Clean Hydrogen Alliance foster
innovation and low-emission transport solutions.

These companies also contribute to North—South, South—South, and triangular
cooperation initiatives, including the Maritime Just Transition Task Force and Mercy
Ships. Moreover, they participate in monitoring programs and contribute to international
data reporting platforms, including those coordinated by the United Nations [38].

Anti-Corruption Initiatives. Intermodal companies reinforce SDG 16.3 by
promoting the rule of law through the development of employee codes of conduct
and ensuring compliance with legal and ethical standards. Target 16.5 is supported
through strict anti-corruption policies that prohibit facilitation payments and all forms
of bribery.

These measures are further implemented through participation in global frameworks
such as the Maritime Anti-Corruption Network (MACN), which includes members like
Maersk, CMA CGM, and MSC [39]. Employee training programs and supply chain
risk assessments strengthen the integrity of business operations. Global partnerships
(SDG 17.16) are advanced through supplier engagement and participation in anti-
corruption and compliance networks worldwide.

Conclusions. Intermodal transportation plays a crucial role in advancing the United
Nations Sustainable Development Goals, particularly in areas such as energy efficiency,
emissions reduction, gender equality, inclusion, and safe working conditions. However,
the practical implementation of these goals varies depending on company size, business
profile, and degree of engagement in global initiatives.

A systemic integration of sustainable practices is most commonly observed among
large transnational corporations such as Maersk, CMA CGM, and Kuehne + Nagel,
which possess the resources to invest in innovation, decarbonization, digitalization,
and social initiatives. The majority of intermodal transport companies tend to adopt
a flexible approach to the SDGs, selecting targets that best align with their business
models. This reflects the absence of a unified standard for sustainability implementation
across the intermodal sector.

Sustainability efforts are most effectively pursued through partnership-based
initiatives, corporate codes of conduct, ethical procurement policies, and participation
in international coalitions such as the Clean Cargo Working Group, the Getting to Zero
Coalition, and the Maritime Anti-Corruption Network (MACN).

Based on the review of intermodal practices and policies, 6/10 aforesaid fields
of activity (Fig. 1), with a high level of impact on sustainable development and a low
level of implementation. Among them: 1) measures to comply with the principles

131



PO3BUTOK TPAHCIIOPTY
Ne 4(27), 2025

of decent work, equal opportunities and inclusion are mainly applied to in-house
personnel. Contractors often have uncontrolled social standards; 2) the focus on
global decarbonization shifts attention from noise pollution and air quality in ports/
terminals, which has a negative impact on local communities; 3) responsible use
of resources (reuse of containers, recycling of packaging, recycling of materials)
is developing slowly, although it is declared in the policies of many companies;
4) sustainable development strategies rarely include systemic protection
of intermodal infrastructure from extreme weather events, rising sea levels and other
climate threats; 5) low-level of application of “green” financial instruments for
infrastructure modernization; 6) despite the growth in the number of published
reports, there is still no single standard of transparency, and the indicators are often
incomplete and/or incomparable.
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Anomauisn

Mo 3aniznuunozo mpancnopmy 6ucysaromuCsa SUCOKI 8uMo2u Wooo 1020 be3nexu
ma naditinocmi. Buxio 3 1ady enekmposgoza moodice cmasumu nio 3azposy 6e3nexy pyxy,
a MaKoxc npusgecmu 00 MamepidaibHux ma ekonomiynux eumpam. OOHUMU 3 HATIBPA3IU-
BILUUX elleMeHMIB eleKMPULUHO20 PYXOMO20 CKIA0Y 3ani3HUYb € MA20GI eNeKmPUUHi 08U-
2VHU, AKI Ha 6a2amboxX eleKmpo8o3ax MAlomb 3HAYHUL MepMin ekcnayamayii. Buaciiook
3HAYHO20 BUYEPNAHHS PECYPCY MA Yepe3 8AXHCKI YMOBU eKCIIyamayii 30i16uyemoscs imo-
BIpHICMb BUHUKHEHHSL HECNPABHOCMEU K Y MEXAHIUHIU, MAK i 8 eNeKmpPUUHIll YACTUHAX
osueyna. Ocobaugy ysazy apmo npudiiumu HeCnpasHOCMsM, KL N08 S3aHI 13 Wimo4HO-
KOJLEKMOPHUM 8Y3110M MA206020 €leKMPUYHO20 08u2yna. Pozenanyswiu npudunu 6uxooy
310y KOJLeKMOPHUX eIeKMPUYHUX O8USYHIG DIZHUX Cepill enekmpo8o3ie, 8UOHO, WO 3HAY-
HULL BIOCOMOK 8UX00I8 3 1A0Y NOB SA3AHUL i3 NOUWKOONCEHHIM came WimOoUHO-KONEeKMop-
H020 8y31a. OCHOBHOIO NPUYUHOTO MAKOT 3aKOHOMIDHOCII € (i3uUHa 63AEMOIISI 080X KOH-
Maxkmis, AKi pyxaromuscs 0OUH CHOCOBHO OOHO20, ULO NOPOOIHCYE MOHCTUBICING BUHUKHEHHS
eneKmpuydHoi dyeu mixc Humu. Y yiti pobomi po3niaHymo NPUdUHU BUHUKHEHHS 0Y208020
PO3PAOY 8 WiMOYHO-KOLEKMOPHOMY 8Y31i MA208020 eleKMPUUHO20 08USYHA elleKMpPO8Oo-
34, WO MOdice NPU3BOOUMY 00 Cepio3HUX NOUKOOIICEHb ma 8i0M08 y pobomi. [Ipoana-
JIB08AHO HASAGHI MemOoOU OiaeHOCMUKU MA208UX 0BUSYHIB, BU3HAUEHO iXHI nepesazu ma
Heooniku. Po3pobieno memoouKy uasiienHs YmeopeHHs Oy2u Y WimouHO-KOIEeKMOPHOMY
8Y3/i HA OCHOBI GUMIDIOGAHHS THIMEHCUBHOCTI VIIbMPADIONemo6o20 SUNPOMIHIOGAHHSL.
Pospobneno cucmemy 3axucmy 0euzyna, axka 6a3yemucsa HA NPOSPAMOBAHOM) JO2IUHO-
my xoumponepi. OOIpyHmMOBano OOYITbHICG MA ePEeKMUBHICTID 6NPOBAOINCEHHS MAKOT
cucmemu Ha e1eKMpOoBO3ax 015 NiOBUWEHHS HAOIIHOCT MA20BUX eLeKMPOOBUSYHIE Md
3HUdCEHHA ekcnayamayitinux eumpam. OCKiIbKY HA TOKOMOMUBAX, W0 eKCNLyamyomsCs
6 VKpaiti, KonekmopHi eleKmpudni MawuHyu 3acmoco8yiomvpCs He uuie 0/ YIMEOPeHHs
Ms206020 3yCUNLIA, A U 01 2eHepayii cmpymy 30y0xcents, Hanpyau 61ACHUX Nomped ma
07151 pOOOMU THUUX acpe2amis, JIOZIYHUM PO3GUMKOM ONUCAHOT Yy pobomi memu modice
cmamu yOOCKOHANLeHHA cucmemu 01 UKOHAHHSA 3aXUCIY OONOMINCHUX MAUWUH e1eKmpo-
603i8. Y nepcnexmusi ye 003601uno 6 wie oinvuie 30inbuumu HaditiHicmy ma npoOyKmue-
HICMb pobOMU e1eKMpPOPYXOMO20 CKAAOY 3ANI3HUYb.

Knrouosi cnoea: mszosuii enekmpuunuil 08USYH, WIMOYHO-KOIEKMOPHUL BY301,
enekmpuyHa oyea, 0iacHOCMuKa.

© Toprawos B.10., baé’sak M.O., 2025
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Summary

High requirements are imposed on railway transport in terms of its safety and
reliability. The failure of an electric locomotive can jeopardize traffic safety, as
well as lead to material and economic costs. One of the most vulnerable elements
of the electric rolling stock of railways are traction electric motors, which on
many electric locomotives have a significant service life. Due to significant
depletion of the resource and due to difficult operating conditions, the likelihood
of malfunctions in both the mechanical and electrical parts of the engine
increases. Particular attention should be paid to malfunctions associated with
the brush-commutator assembly of the traction electric motor. Having considered
the causes of the failure of collector electric motors of various series of electric
locomotives, it is clear that a significant percentage of failures is associated with
damage to the brush-commutator assembly. The main reason for this pattern is
the physical interaction of two contacts that move relative to each other, which
creates the possibility of an electric arc between them. This paper examines the
causes of arc discharge in the brush-commutator assembly of the traction electric
motor of an electric locomotive, which can lead to serious damage and failures.
Existing methods of diagnosing traction motors are analyzed, their advantages
and disadvantages are determined. A method for detecting arc formation in the
brush-commutator assembly based on measuring the intensity of ultraviolet
radiation is developed. An engine protection system based on a programmable
logic controller is developed. The feasibility and effectiveness of implementing
such a system on electric locomotives to increase the reliability of traction
electric motors and reduce operating costs is substantiated. Since on locomotives
operated in Ukraine, DC electric machines are used not only to generate traction
force, but also to generate excitation current, voltage for their own needs and for
the operation of other units, a logical development of the topic described in the
paper can be the improvement of the system for protecting auxiliary machines of
electric locomotives. In the future, this would further increase the reliability and
productivity of electric railway rolling stock.

Key words: traction electric motor, brush-commutator assembly, electric arc,
diagnostics.

AKTYaJbHICTh AOCTIGKeHHs. 3ai3HUYHUHA TPAHCIOPT BiAirpae BaKIMBY PpOJb
y 3a0e3IeueHHI BAHTQXXHHX 1 TACAKUPCHKUX ITePEBE3eHb, 30epirarouu CTpaTerivHe 3Ha-
YEeHHS JUII EKOHOMIKH YKpaiHu.
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HaniiiHicTh 1 epeKTHUBHICTh pOOOTH JIOKOMOTHBHOIO MapKy € Ba)XJIMBOK YMOBOKO
cTablIbHOTO (PYHKITIOHYBAaHHS 3a1i3HHYHOT ramys3i.

Bucoki BuMoru 1o 0e3meku pyxy Ta HEOOXIJHICTh MOKpAIICHHS EKOHOMIYHHX
MOKa3HUKIB POOOTH 3aNi3HUII TMOPOKYIOTh HEOOXiTHICTh 30epekeHHsI Ta IIiJ[BU-
HICHHS HAJIIHOCTI pOOOTH BCHOTO 00JIaTHAHHS TATOBOTO PyXOMOTO ckiaay. OcoOnuBy
yBary npuausioTh TAroBUM enekrpuunumM neurynam (TEJD), sxi 3abe3nedyrors Oe3-
MOCEPETHI0 peai3alilo TATOBOrO 3yCHIIIsl eNleKTpoBo3a. HaniiHicTs iX poOoTH cyT-
TEBO BIUIMBAE HA 3arajibHy Npare3/1aTHICTh JOKOMOTHBA, a BiIMOBa a00 MOIITKO/KEHHS
TaKWX BY3JIiB MOXKE ITPU3BECTH JI0 aBapiiHUX CUTYAIlld Ta MPOCTOIB.

VY 3B’513Ky 3 UM PO3pOOKa 1 BIPOBAHKEHHS METOIUKH BHUSIBJICHHS Ta 3aro0iraHHs
MOSIBU PAaNITOBUX HECTIPABHOCTEH TSATOBUX €JICKTPHUYHKX JIBUTYHIB € aKTYaIbHOIO 1 ITpaK-
THUYHO 3HAYYIIOKO.

MocranoBka npo6aemu. OnHIEIO 3 BPa3IUBUX YaCTHH TATOBOTO EIEKTPHYHOTO
JIBUTYHA, SIKHI 32aCTOCOBYETHCS HA €JIEKTPOBO3aX, € HOTO MITOYHO-KOJICKTOPHUH By3011.
Bin npusHaueHHud 151 KOMyTalii 0OMOTOK SIKOpSi, SIKi 00epTaroThesl, Y BU3HAYCHUI
MOMEHT 4Yacy, SIKUH 3aJIeKUTh BiJ] KOHCTPYKIIl TATOBOTO JBUTYHA, Ta Tiepenadi eneK-
TPUYHOTO CTPYMY BiJl HEPYXOMHUX KOHTaKTHHUX €JIEMEHTIB, 110 HA3WBAIOTHCS LIITKAMHU,
SIK1 KPIIUISATHCA B IITKOTPUMAYi 0 HEPYXOMOTO OCTOBA.

KoHCTpyKI1ito KOJIEKTOpa ABUI'YHA IMOCTIHHOTO CTPYMY ITOKa3aHO Ha PUCYHKY 1.

OCHOBHHMH €IIEMEHTAMH LIITKOBO-KOJIEKTOPHOTO BYy3Ja € Ha0ip MiJHHUX IUIACTHH,
JIO TIIBHUKIB SIKUX MIKITFOYAEThCsI 0OMOTKA SIKOPsi. [[oBEpXHI IJIaCTUH TOPKAIOTHCS rpa-
(bITOBI IIITKH, SIKI YTPUMYIOTHCS HA MICIli KOPITYCOM HIITKOTPHMaua Ta IPUTHCKAIOTHCS
NPYKUHOIO 13 HEOOXITHOIO CHIIOIO JUIs 3a0e3MeUeHHs] HOMIHAJIbHOTO HATHUCKY MIITOK,
110 € BYKJIMBUM JIJIs1 HA/IIHHOT poOOTH By3Ja.

CxeMarnvHe 300paXeHHsI KOHCTPYKIIIT MIITKOTpUMaYa elNeKTPOIBUTYHA IOCTIHHOTO
CTPYMY Ta TpaBepCH, Ha SIKil BiH KPIMUTHCS, MOKa3aHO HA PUCYHKY 2.

Puc. 1. Koncmpyxkyis konekmopa na cmanesii emynyi [1]:

1 — cmonopnuil esunm, 2 — eatika, 3 — Kiibyesi KaHa8KU 051 OANAHCYBAILHUX
B8AHMAICIB, 4 — KOHYC HAMUCKAHHS, 5 — banoadic; 6 — I301AYitiHI MIKAHIMOGL
mandcemu; 7 — poboua wacmuna Konekmophoi niacmunu, 8 — 3azop, 9 — izonsayiunui
yunindp,; 10 — nacmisuun xeicm, 11 — nienux, 12 — xopnyc konexmopa (cmanesa
emynka); 13 —winiy y nisHuxy; 14 — Komniekm KoLeKMOPHUX NIACHUH,

15 — konexmopHa MikaHimosa npokIaoKa
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Puc. 2. Tpasepca (a) i wimxkompumay (6) maeo6020 enekmpoosueyna noCmiiuHo2o
cmpymy [2]: 1 —mpasepca, 2 — naneys,; 3 — kponwmelin, 4 — wimxkompumay, 5 —
pecyniosanvii egunmu,; 6 — wimka, 7 — no8OPOMHUL KpoHuimetin, 8 — npyjcuna

Ha TEJ] nnst mokpaiieHHst poOOuuX MapameTpiB 3aCTOCOBYIOTHCSI PO3Pi3Hi IIITKH,
SIK1 3aI100Irar0Th 3aKIIMHIOBAHHIO IIITKH, 8 TAKOK MalOTh MEHIITY IMOBIPHICTH BiJIPHBY
BiJI TOBEPXHI KOJIEKTOPHHUX TUTACTHH, IO BAYKJIMBO TSI 3a1I00IiraHHS YTBOPEHHS TyTH.

KinbkicTe muacTuH, MITOK, iX pO3MIpH Ta iHII MapaMeTPH MiTOYHO-KOJIEKTOPHOTO
By3Jla MOXKYTh BiIPI3HATHCS 3aJIe)KHO BiJ TUIY ABUTYHA.

[IpoTe criabHUM HENOTIKOM YCiX KOJIEKTOPHUX EJIEKTPOABHUIYHIB € Te, IO Mij Yac
POOOTH Ha KOJIEKTOPI MOYKE BUHUKATH 1CKPiHHS, SIKE 32 TIECBHUX YMOB MOXE IIEPEPOCTH
Y KPYTOBHI{ BOI'OHb.

€ JeKiabka NMPWYWH TIOSBH ICKPIHHS IIITOK, CEpPel OCHOBHHX MOXKHA BHIUTATH
HEeNpaBWJIbHUHA HATHCK ILITOK HA KOJEKTOP, HAAMIPHE 3HOIICHHS IIIiTOK, 3aKyCYBaHHS
LIITKM y MIITKOTpUMadi, HEpiBHOCTI Ha IOBEPXHIi KOJIEKTOPA.

OCKiNbKY eNeKTpUYHa Ayra Ma€ 3Ha4Hy TeMIIeparypy, BOHA MOKE BUKIIMKATHU TIeperpi-
BAaHHS 30HU KOHTAKTY, II0 MOKE TIPH3BECTH JI0 TIOIIKO/PKEHHS KOJISKTOPHHX IIIACTHH a00
KOPITYCY KOJIEKTOPA, 3 MOKJTHBIM yYTBOPCHHSM HAIUTMBIB, 33IMPIiB Ta 3aTATYBAHHSI pOOOTOT
IIOBEPXHI KOJIEKTOPHUX IUIACTHH Ta IHIINX MOIIKO/DKEHb, 110 TOKa3aHO Ha PUCYHKaX 3, 4.

Puc. 3. IlowkoOoicenms konexkmopa, wo SUKIUKAHI YIMEOPEHHAM eleKmpUiHoi dyau
ma HAmucKauuam wimox [3]
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Puc. 4. 3eaprosanns KoneKmopHUX niacmuH migxe coboro nio i€t erekmpuyHoi oyeu
ma HamucKauHuam wimox [3]

[omkomkeHnil KOJEKTOp 3a3BHYail BHKIIMKAE Ie OiNbINE ICKPiHHS, 110 3HAYHO
noripurye oro crad. TpuBanuii mpouec iCKpiHHS MOXKE IPU3BECTH 10 KPYTOBOTO BOTHS
Ta J10 3BAPIOBAHHS KOJIEKTOPHUX IUIACTHH MiX c00010, 1110 MOKa3aHO HA PUCYHKY 4.

YV pazi TakuX MOMIKOKEHb JI0CUTh YaCTO BUHUKAE HEOOX1THICTh BHKOYEHHSI KOJIICHO-
MOTOPHOTO OJIOKY 3-11iJ] €JIEKTPOBO3a Ta PEMOHTY TAroBOro ABuryHa. IlporouyBanus
KOJIGKTOPHUX IUIACTHH CTAa€ HEMOXKIIMBHM, 1[0 BUMAara€ KaliTaJlbHOTO PEMOHTY abo
3aMiHH SKOPSI.

PanHe BUSBICHHS MOSIBY AYTrOBOTO PO3PSAAY HA LIITOYHO-KOJEKTOPHOMY BY3Ii
JI03BOJIMIIO O 3MEHIIMTH BUTPATH HA PEMOHT TATOBUX €JIEKTPUYHUX JIBUTYHIB, & TAKOXK
3MEHILUTH HMOBIPHICTb 1X BUXOMY 3 JIaAy IiJ YaC BUKOHAHHS MOi3HOI pOOOTH.

Ha 3anizHunsx YkpaiHu BUKOPHUCTOBYIOTBCS Pi3HI €JIEKTPOBO3H, Y SIKUX 3aCTOCO-
BYETBCS 3acTapijia eneMeHTHa 0a3a abo ii Hemae 30BciM. Ha OinbimocTi cepiit enexrpo-
BO31B BIIPOBAKEHO JIMILE 3aXHUCT BiJl KOPOTKOI'O 3aMUKAaHHS y ABMI'YHaX, OOKCYBaHHs
1 IepeBaHTaKCHHSI.

Tomy B 11iii poOOTi MPOMOHYETHCS BUPIIATH MTpodieMy nomkomkerast TE/] enex-
TPOPYXOMOT'0 CKJIaIy Hij Ai€l0 eNEeKTPUUHOI YT H.

Teopernunuii aHami3 AOCHIKeHHs. Y OUTBIIOCTI BIAOMUX JOCII/DKEHb TPOIIOHY-
etbes 3axucT TEJL Ha OCHOBI IPSIMOTO BUMIPIOBaHHS [TAPaMETPIiB €JIEKTPHIHOTO KOJIa, B SIKE
BKJTFOYEHO TSTOBHU €IEKTPUYHHI JBUTYH. BUHUKHEHHS iCKpIHHS BHKIIHMKAE Crienr(idHi
3aBaJM B KOJI, SIKI MO’)KHA BHSIBUTH HUIAXOM NPSAMOIO BUMIPY MapamMeTpiB eleKTPUYHOL
CXEMH eJIEKTPOB03a, & caMe CTPyMy Ta HalpyTH Ha KOJIEKTOpax IBUTYHIB [4; 5; 6; 7.

3a 10IOMOTr0I0 MaTeMaTHYHUX NIEPETBOPEHb OTPUMAHMX 3HAYCHb CHCTEMa IIOBUHHA
BU3HAYUTHU HASIBHICTD ICKPiHHSL.

Henonikom Takoro MeTozmy € 3aCTOCYBaHHSI IPSMOIO BUMIPIOBAHHS IIapaMeTpiB i3
BHCOKOIO 4aCTOTOI0 BHOIPKH, I10 Ha €JIEKTPOBO31 NPAKTHYHO HEMOXKIJIMBO 4Yepe3 3Ha-
YHY KUTBKICTh €JIEKTPOMArHiTHUX 3aBaj pi3HUX 4acToT. OHIEI0 3 OCHOBHUX MPOOIIeM
€ BeJIMYMHA HAaIpyTH, U0 nojxaeThest Ha Konekrop TE/I.

Takox y miif cucTeMi BUHHKAIOTh TIOMUJIKOBI CIIpaIfoBaHHs, OCKUTbkH B Ko TEJ]
BUKOPHUCTOBYIOTbCS EJIEKTPOIHEBMATHYHI KOHTaKTOPH, Ha SKUX BHUHHUKAIOTh 3HAYHI
JTyTOB1 PO3PSIH MTPH KOMYTAITisX.
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VY poborti [8] momaBanucst MpONO3HUIlii BUMipIOBaHHS PIBHS €JIEKTPOMArHITHUX 3aBaJl
BiJ ABUTYHA 4epe3 iHAYKTHBHI JaTYMKH Ha Horo kopmyci. [1in yac BUHUKHEHHS TyTo-
BOTO PO3PSy YTBOPHOIOTHCS CIEIU(IYHI EIeKTPOMATHITHI 3aBajy, sKi 1HIYKYIOTh
CTPYM Y KOTYIIL JaT4YHKa.

CxeMaTH4HO PO3MIIIEHHS TaTYMKa TIOKa3aHO Ha PUCYHKY 5.

OtpumaHi cHrHamy OOpOONAIOTHCS 3a JOTIOMOTOK MareMaTHYHHX IePETBOPECHb
Ta JI03BOJISIOTH 3pOOUTH BHCHOBOK PO HAsIBHICTH J[yTOBOTO PO3psiAy Ta HOro iHTEH-
CHBHICTb.

Takuii MeToq He BUMarae BTpy4aHHs B Koyo. [Ipore B peambHMX ymMoOBax poOOTH
CJIEKTPOPYXOMOTO CKJIAJy 3aJi3HMLI Taka CHCTEMa IpaLoBaTUME HECTabiIbHO uepes
BEIINKY KITBKICTh €JICKTPOMArHITHUX 3aBald, SKi TEHEPYIOTHCA yciMa CKJIaJTHHKAMH
€JIEKTPOBO3a, a TAKOXK BUMAarae€ BUCOKOTOYHOTO 1 IOPOTOro oOJiaJIHAHHA Ta HOro Hasa-
HITYBaHHSI ITiJ1 KOHKPETHUH THUIT JBUTYHA.

Tomy BIpOBafyKEHHS! TAKOTO METOAY € MPOOIeMaTHYHUM 1 HEIOUIJIBHUM B YMOBaX
3aJI3HUYHOTO TPAHCIIOPTY.

[IpoananizyBaBIIM HasBHI METOOY BUSIBJICHHS EJICKTPUYHOI AYTW Ha KOJEKTOpi,
MO)KHA 3pOOUTH BUCHOBOK TIPO HEIOCKOHAJICTh PI3HUX CHCTEM IS BUKOPHUCTAHHS 1X
Ha eJIEKTPOPYXOMOMY CKJIaJ, 110 BUMAarae y3arajbHEHHs Ta YIOCKOHAJICHHS BiJOMHUX
METO/IB.

Meta po6oTH. Y 1boMy AOCHIKEHHI POBOIUTHCS aHalli3 poOOTH po3podieHol
aBTOpaMM 1HHOBALIIHOT CUCTEMH MOHITOPHMHTY H 3aXHCTy TATOBHX €JICKTPOJBHUIYHIB
€JIEKTPOPYXOMOTO CKJIAy BiJl BUHUKHEHHS €JIEKTPUYHOI IyTH, sIKa MOXKE IPU3BECTHU JI0
HETaTUBHHUX HACIIJIKIB.

3aBaaHHA J0CTi/IZKEeHHS:

1. AHani3 (i3UYHOrO MEXaHi3My BHMHUKHEHHSI Ta PO3BHUTKY CIEKTPUYHOI IYTH
y LIITOYHO-KOJIEKTOPHOMY BY3J11 TATOBOTO CJIEKTPOJBUTYHA Ta BU3HAYCHHS TapaMeTpiB
JYTOBOTO PO3PSILY, 32 SIKUMH MOXKIIMBE HOT'O BUSIBIICHHSI.

Brrmsan ciiepery Burman cnpasa

Posnunyersn
KOTYLUIKH
ceHcopa

Puc. 5. Cxemamuune 300pasicents posmiujeHHs OamyuKa el1eKmpoMaeHImHUX 34640
Ha Kopnyci osueyna [8]
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2. Po3poOka apxiTeKTypH iHHOBAI[IHHOI CHCTEMH MOHITOPUHTY, IO MOEIHYE CEH-
COpHI €JIEMEHTH Ta METOJIU OOPOOKH CUTHAJIIB, JIJISl BUSIBJIICHHS JTyTOBOTO PO3PSIY.

OcHoBHUiT MaTepias gocimkennst. [IpsiMi BUMIpIOBaHHS TMHAMIKK CTPYMY Ta HAIPYTH
Y KOJITi TSTOBHX EJIEKTPHYHHX JBUTYHIB €ICKTPOBO3IB € BKpail YCKJIaTHEHUMH Yepe3 BUCOKY
Hanpyry xueieHHs (1500 B). Tomy noriisHO BUOpaTy HE CTPYM Ta HAIPyTYy, a 1HIINN rapa-
METp, KU JTO3BOJIUTH BIJICITI/IKOBYBATH CJICKTPUYUHY JYyTY, 110 BUHUKAE Ha KOJICKTOPI.

Po3misiHyBIIM XapaKTEPUCTUKU EIIEKTPUYHOI JIyTH, BIJIOMO, 1[0 BOHA TOPOIIKYE
HE JIMIIE eJICKTPOMArHiTHI 3aBaJid, a i IEBHY KUJIbKICTh CBITJIOBOTO BUIIPOMIHIOBaHHS
Y BUJMMOMY JTiara3oHi.

[MpoananizyBaBIIM pe3yabTaTy JOCiKeHHS [9], M0 HaBelIeH] Ha PUCYHKY 0, CIIO-
CTEPITAETHCS CXOXKICTh CIIEKTPIB JIYTH, 3 SIKUX BUIUIMBAE, IO CTOBII [yTOBOTO PO3PSIY
BUTIPOMIHIOE €JIEKTPOMArHITHI XBUIII JOBKHUHOIO, ONTM3bK00 10 300 HM.

ToOTo MOXHa cKa3aTy, IO Y CIEKTPi eNEKTPUIHOI JYyTH TepeBaxae ynbrpadione-
TOBE BUIIPOMIHIOBAHHS, JOBXKWHA XBWJII SIKOTO MPAKTUYHO HE 3aJICKUTH BiJl YaCTOTH
MOAYJISIIT CTPYMY B €JIEKTPUIHOMY PO3PSIIL.
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3a pesynbTatamMy IbOTO aHAJI3y JUIS BUSBICHHS JYTOBOTO PO3PSAY MIiX HIITKOIO
1 KOJIEKTOPOM HaMM HPOINOHYETHCS BHKOPUCTOBYBATH JaT4MK YIbTPagioiIeTOBOTO
BUTIPOMIHIOBAHHSI.

OcHoBHa nepeBara Takoi MPONO3ULIiT MOJSrae y HOBiM TEXHOJIOT] BUSBICHHS JyTH
B TATOBHX EJIIEKTPUYHUX JIBUTYHAX EJIEKTPOPYXOMOTO ckiany. [Ipyu mboMy BUKOPHCTO-
BY€TBCS JOBOJI MPOCTa KOHCTPYKLiS BUMIPIOBAIBHOTO KOMILIEKCY 0€3 3aCTOCYBaHHS
JIOPOTHUX 1 CKJIaJHUX BUCOKOTOYHUX TPUCTPOIB.

OpnHax 3a TaKoro MmigXoAy CiJl MPUITyCTUTH MiHIMaIbHY HMOBIPHICTh XHUOHUX CIIpa-
LIOBaHb BiJl COHAYHOI'O BUIIPOMIHIOBaHHS.

AJle TATOBI €NEKTPUYHI JABUIYHH BUTOTOBJISIIOTHCS y IIIJIBHO 3aKPUTOMY KOPITyCi
Ta PO3TAIIOBaHI ITiJT Ky30BOM €JIEKTPOBO3a.

JHonatkoBo OifblIa YacTHHA KOPIYCY ABUTYHA 3aKpUTa pamolo Bizka. Tomy motpa-
IUISIHHS COHSIYHOTO YAbTPagioieTy BCepEeAUHY TSATOBOTO €JIEKTPUYHOIO ABUI'YHA MaJlo-
HWMOBIpHE.

PosrmsHeMo 1m1e oHe IpHITYIIeHHS, 3a IKOTO Mi3epHa KUTBKICTh COHSYHOTO YIIBTpa-
¢ionery MOKe MOTPANUTH Yepe3 BEHTWIALIHHY pewriTKy. HaBiTh y pasi Takoro mano-
WMOBIPHOTO BHIMAJKy BUIIPOMIHIOBAaHHIO JOBEAETHCS BINOWTHCA JEKibKa pasiB Bif
MAaCUBHOTO KOPIIYCY, 1110 3MEHIIUTh HOTO IHTEHCUBHICTb JIO MIHIMYMY.

[1e ogHuM akTOpOM, SIKHUH 3MEHIIYE IMOBIPHICTh HOTPAIUIIHHS COHSIYHOTO YJIBTpa-
(iornery Ha IaTUYUK, € Te, 110 Ha OIJIBIIOCTI TATOBHUX EICKTPOIBUTYHIB MOBITPSI AJISI OXO-
JIOAKEHHS TIOIAETHCS 31 CTOPOHH KOJIEKTOPA, 1 BUXJIOMHUI KOXKYX 3HAXOAUTHCS 3 1HIIOT
CTOPOHU SIKOPSI.

3a Takoi KOHCTPYKLIT IIJISIX JJ11 MOXKJIMBOTO YJIBTPadioneToBOro BUIIPOMiHIOBAHHS
JIO/IaTKOBO TIEPEKPUBAETHCSI TKOPEM.

SIK eTeKTop BUKOPUCTOBYETHCS (OTOIOA 31 CBITIIOPLIBTPOM, KU MPAITOE B YITb-
TpadioneToBoMy Jjiana3oHi. Y pasi NOTpaIUISTHHS y BIKHO JIeTEKTOpa yabsrpadionero-
BOT'O BHIIPOMIHIOBaHHs Yepe3 (POTomio]] OYHHAE TIPOTIKATH CTPYM, IO MPOTIOPIIHHAN
IHTEHCUBHOCTI BUTIPOMIHIOBAaHHSI.

Juis nporo nocmimkerns Hamu Buopano doronion GFUV-T10GD-L, 1o mae niHiliHy
3aJIeKHICT CTPYMY, SKHU MPOTIKa€E depe3 HbOTO, BiJl MOTYKHOCTI BHIIPOMIHIOBAaHHS,
sike BUMIproeThesi B MBT/cM?. CtpymoBa xapakrepuctrka ¢oroniona GFUV-T10GD-L
HaBejieHa Ha PUCYHKY 7.

@doToni0A BCTAaHOBIIIOETHCS BCEPEANHI KOPITYCY TSATOBOTO €JIEKTPOABUTYHA Pa3oM i3
IUIATOIO MIACHUIIIOBAaYa Ta 3a AOIOMOIOI0 APOTOBOTO MIJK/IIOUEHHS HEepelae CUrHail [0
KEPYIO4YOro €JIeMEHTY CUCTEMH, L0 PO3TALIOBYIOTh Y KY30Bi €JI€KTPOBO3a.

Sk Kepyroduii eJIeMEHT BUKOPHUCTOBYETHCS MPOTPAMOBAHUH JIOTIYHUN KOHTPOJIEP
(IVIK), sixmii oTpuMye Ta aHaiizye iHpopmarito 3 natuukis. Ha ocHOBI pe3ynbrariB
ananizy I1JIK poOUTs BUCHOBOK TIPO BHUSBIICHHS HECIPABHOCTI MIITOYHO-KOJIEKTOP-
HOTO By3J1a.

3TiHO 3 XapaKTePUCTHUKOIO, 10 300payKeHa Ha PUCYHKY 5, ()OTOi0/] BUIa€ CUTHAT
BennunHOK Bif 0 no 1,5 MkA. Takuil curHan HeMOXIJIMBO TEpeaTH Ha 3HAYHY BiJI-
CTaHb, 0COOJIMBO B YMOBAaX €JIEKTPOBO3a, IKUH TeHEePy€e 3HaUHY KUIbKICTh €IeKTpoMar-
HITHHX 3aBa]l.
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—— GEFUV-T10GD-L

0.9 |- -

Crpym (MKA)

0.0 ) 1 . ! . ! : I \ 1 )
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Hotyxnicts YO sunpoMiniosanng (MBt/em’)

Puc. 7. 3anescnicms cmpymy 6i0 iHmeHcu8HOCmi 6UNPOMIHIO8AHHSL OJis (homodiooa
GFUV-T10GD-L y pa3zi onpominenns 11020 1amnoio 3 008acunoro xeuni 222 um [10]

st BupinieHHs 1iei npobieMu Ha (HOTOAI0 BCTAHOBIIOETHCS TUIATA MTiACHITIOBAYA,
sIKa TIEPETBOPIOE CIIA0KWH CUrHAM (DOTOIOAa HAa TPOMUCIIOBHH cTaHAapT 4...20 MA.

[leperBopeHnuii curHai nogaeThest Ha ananorosuit Bxin [JIK.

[lepenavya curHaidy CTpyMOM, a HE HAIPyToiO 30UTBIITy€E HOTO 3aBa03aXHINEHICTb,
10 € OCOOJMBO B&KJIMBUM Yy PEaJbHUX YMOBaX EKCIUTyaTalii eJeKTPUYHOrO TpaH-
CIIOPTY 3TI3HUIL.

Amnanizyroun curHaim, [IJIK orpumye indopmarito mpo HasBHICTH ICKpiHHS Ha
KOJIGKTOP1 TATOBOTO EJEKTPOABHUTYHA Ta Yy pa3i MEpeBUIICHHs AONMYCTHMHUX 3HAYCHb
CHUTHAJTI3y€ MAITMHICTY TIPO HECIIPaBHICTb.

V pa3si irHopyBaHHSI MAIIMHICTOM CHI'HAJY BiJl CHCTEMH BHKOHYETHCS PO30OMpaHHS
CHJIOBOTO KOJIa 3 METOIO 3aXHCTY JIBUTYHA BiJ| MOJANIBIIOTO TOMIKO/PKEHHSI.

VY OifbIIOCTI €NeKTPOBO3iB, MO EKCIUTYyaTYIOThCS B YKpaiHi, HAa KOXKHIH CeKuii
3aCTOCOBYEThCS 0ChOBa (hopmysa 20-20, TOOTO YOTUPH MOTOPHUX OCI PO3JLICHI Ha
nBa Bi3kH [4; 5; 6; 7].

V Takiit kon¢irypauii kinbkicte TEJl Ha ofHIN ceklii CTAaHOBUTH YOTUPH, a OTKE,
1 BxomiB IJIK mmst peasmizartii 3aXruCcTy TakoK HEOOX1THO YOTHUPH.

Cepen nmonynsipHuX pimeHb TakuM napaMeTpam 3axososbHsie [IJIK Bim SIMENS,
a came S7-1200 3 momynem posmupenHs SM1231. Tlpore Take pilieHHs € TOpPOro-
BapTICHUM 1 HEJOUIIHHAM Yepe3 HOTro MOXKIHMBOCTI, SIKi HE OYIyTh 3aCTOCOBYBATHCS
MMOBHOIO MIpOI0, Ta 3HAYHY BapPTICTh.

SAx IIJIK HaMu TIPOTIOHYEThCS BHOpaTH KOHTPOJEp BUPOOHHWIITBA KOMITaHIl
Unitronics. 3rigHo 3 katanoroMm npuctpoiB [11] € 1Ba MOXIUBUX BapiaHTH, a came
OKpeMHUii MOy BBO/LY/BHBOLY, sikuii mparrtoe uepe3 Ethernet, Ta ITJIK cepii VISION.
OCKiTBKY TS TIEpIIoro BapiaHTy HeoOximHuil noxarkosuii [JIK, mo € HemorminbHNM,
Hamu BuOpano VISION V130-J-TR6.
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st BHOOpY MOPOTOBOTO 3HAYEHHS CIIPAIIOBAHHSI CUCTEMH MPOBOINUTHLCS BUOIpKa
3aMipiB IHTEHCHBHOCTI BHUIIPOMIHIOBaHHS y CUpaBHUX ABUTYyHaX Ta TEJl 3 pizHEMH
TTOTIKO/KEHHSIMHU, SIK1 BUKIINKAIOTh ICKPIHHS Ha KOJIEKTOPi. 3 KOKHOTO 3aMipy BUOHpa-
€THCSI MAKCUMAJIbHE 1 MiHIMallbHE 3HAYeHHS IHTEHCUBHOCTI BXifHOTO cUTHAIY. OTpH-
MaHi 3HAYCHHS JIO3BOJISIOTH OTPHMATH Jlialla30H IHTEHCHBHOCTI BUIIPOMIHIOBAHHS
CIIPaBHOTO Ta HECIPABHOTO TATOBOTO JABUTYHA. MiX Jiana30HaMU IHTCHCHBHOCTI
BHUITPOMIHIOBAaHHS y CrpaBHUX Ta HecnpaBHUX TEJl noriuHo OYiKyBaTH MPOMIXKOK,
B KWW HE TOTPAIUIS€ 3HAYEHHS IHTCHCUBHOCTI BHUIIPOMIHIOBAHHS Hi CIpPaBHHX, Hi
HECIPABHUX JIBUTYHIB, TOCEPEINHI IKOTO BUOMPAETHCS TOPOTOBE 3HAYCHHS CITPAITIO-
BaHHSI PO3pOOJIEHOT CHCTEMH 3aXUCTy. BU3HaueHHS KOHKPETHOTO 3HAYEHHS MOPOTY
CIPAIFOBAHHS CUCTEMH IMOTPeOy€e MPOBEACHHS JOJATKOBHUX JIOCIIIKEHb JUIs OTPH-
MaHHS peJeBaHTHOI BHUOIPKM 3HAYCHb IHTEHCHUBHOCTI BHIIPOMIHIOBAaHHS 3a PI3HUX
TUIIB ITOIIKOIKEHD.

BucHoBku. BrnpoBa/pKeHHS OMMCAHOI BHUINE CHUCTEMH 3aXUCTYy TATOBHX eIleK-
TPUYHUX JBUTYHIB 32 PO3pPOOJIIEHOI HAMH METOIWKOI0 BHSBIICHHS YTBOPEHHS IIyTH
y LIIITOYHO-KOJIEKTOPHOMY BY3JIi HA OCHOBI BUMIpPIOBaHHS IHTCHCUBHOCTI yabTpadione-
TOBOTO BUIIPOMiHIOBAHHS BCEPEIUHI KOPIYCY ABUTYHA JO3BOJIUTH BYACHO HONEPEIUTH
YTBOPEHHS JyTOBOTO PO3PsAY Ha KOJEKTOpi Ta 3armoOirTh 3HAYHUM TMOUIKO/HKEHHSIM
BHACITIZIOK TIeperpiBy KOHTAKTHUX MOBEPXOHb KOJEKTOPHHX ITTACTHH.

CBOE€10 YepToro 1€ JTO3BOJISIE MOKPAITUTH HAMIHHICTh POOOTH TATOBUX CJICKTPHUIHHUX
JBUTYHIB Ta €JEKTPOBO3a 3arajoM, IO MMOBUHHO MPHU3BECTH JIO 3MEHIICHHS WMOBIp-
HOCTI IPOCTOIO0 PYXOMOTO CKJIay.

Po3poOniena Hamu cucTeMa 3aXHCTY TATOBUX EJIEKTPUYHUX JBUTYHIB JO3BOJISIE
3MEHIIUTH BUTPATH HA PEMOHT SK TSTOBOTO JIBUT'YHIB, TaK 1 €JIEKTPOBO3iB 3arajioM, 1o
JTIO3BOJISIE 11 BIIPOBA/I)KECHHS BBAXKATH AKTYAJIbHUM Ta BUITPABIAHUM.

[lomanpmum HarpsIMOM PO3BHUTKY ONMUCAHOI B pOOOTI CHCTEMH MOXKE CTaTH BHUKO-
HaHHS 3aXUCTYy HE JIMIIEC TATOBUX EJIEKTPOJBHUTYHIB, a W JIOTMOMIKHHX €JIEKTPUYHHIX
MAIIIMH, B IKHX TaKOX 3aCTOCOBYIOTHCS KOJICKTOPH.
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