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MEHEAKMEHT

YIK 658:377 DOI https://doi.org/10.33082/td.2025.2-25.01

MAPKETUHIOBHUI MIJIXIJI 1O YIIPABJITHHS HAJAHHAM
GAXOBUX OCBITHIX HOCJYT

T.A. Kotyn', O.B. MepkT1?, 1.0. ®inorenona’

1. 1. 1., Ipodecop, mpodecop Kapenpu
«YTpaBIiHHS JIOTICTHYHUMU CUCTEMaMH 1 TPOEKTAMID)
Ooecwkutl HayionanbHull Mopcokuil yHisepcumem, Odeca, Yxpaiua,
ORCID ID: 0000-0002-5410-4783
2K.e.H., JJOIIEHT, IOIEHT Kadeapu «YIIpaBIiHHS JOCTHYHUMHU CUCTEMAMH 1 IPOEKTAMU»
Ooecvrutl HayionanbHull Mopcokutl yHisepcumem, Odeca, Yxpaina,
ORCID ID: 0009-0006-1903-590X
’Marictp 3 MPOEKTHOTO MEHEIKMEHTY, acIipanT Kapeapu
«YTpaBIiHHS JIOTICTHYHUMHU CUCTEMaMH 1 TPOEKTAMM))
Ooecvkuil HayionanbHuil Mopcokuul yHisepcumem, Odeca, Yrpaiua,
ORCID ID: 0000-0001-9409-6135

Anomauisn

Bemyn. Cyuacni mpancghopmayitini npoyecu 6 cucmemi oceimu Yxpainu, cnpudureri
27100a1i3aYicio 0C8IMHBLO20 NPOCMOPY MA BNPOBAONCEHHIM PUHKOBUX MEXAHIZIMIG, BUMA-
2aroms nepeocMuUcieHHss nioxodie 0o opeawizayii ocgimuvoeo npoyecy. Ocobnuo akmy-
AILHUM CIAE OOCTIONCEHHSL CeeMeHmy (haxosoi oceimu, sKull Oe3nocepeonbo nos sI3aHuil
i3 Ni02OMOBKOI0 K8ANIIKOBAHUX Cneyianicmis s PUHKY npayi. Y 36 3Ky 3 yum UHUKAE
nompeda 8nPOBAOICEHHI MAPKEMUH208020 NIOX0JY 00 YIPAGIIHHS OCGIMHbLOIO OLLIbHIC-
mio, wo 3abesneuums 8IONOGIOHICIbG NPONO3UYIT OCBIMHIX NOCTYe BUMO2AM CHONCUBAUIE
ma pobomooasyie. Memoro cmammi € meopemuyte 0OLPYHMYBAHHSL Md BUSHAYEHHS 0CO-
OUBOCMEl MAPKEMUHE0B020 NIOX00Y 00 YNPABIIHHA HAOAHHAM (DAX08UX OCBIMHIX NOCILYe.
Pesynomamu. Y cmammi 8uznauero cymuicmos punKy OC8IMHIX NOCY2 SIK CUCEMU eKOHO-
MEYHUX 8IOHOCUH MIdIC CYO 'EKMAMU OCBIMHBLOZO NPOYECY WOOO KYNIGII-NPOOUIICY OCEIMHIX
nociye. OxapakmepuzoeaHo 0CHOBHI 61ACMUBOCIE CYUACHO20 PUHKY OCBIMHIX nocye. 10ew-
Mughikoeano ma NPOAHAI308aHo cyd '€Kmie puHKY (haxosux oceimuix nocuye. Jocuiocerno
630EMO38 SI3KU PUHKY (PAXOBUX OCGIMHIX NOCIY2 13 CYMINCHUMU PUHKAMU, 30KPEMA PUHKOM
npayi ma cnoscugdum punkom. Bucnoeku. Punox ocsimuix nociye seuse coboio ckiaouy
cucmemy, egpexmusne GYHKYIOHYBAHHS SIKOT MOJNCIUBE 30 YMOBU HALALOONCEHHSL 3AEMO-
Ol midic ycima cyb ’exmamu. Punox (axosux oceimmuix nociye micHo 63aeMON08 si3anuil 3
PUHKOM Npayi, wo 3yMOGII0€E HeOOXIOHICHb Y32004CEHHSL CIPYKIYPU NIO20MOSKU (axisyie
i3 nompebamu pobomooasyis. Mapxemuneosuil nioxio 00 YnpasiinHs HAOAHHAM Gaxo6Ux
OCBIMHIX NOCIYe € BANCIUBUM THCINPYMEHMOM NIOBUUEHHSL KOHKYDEHMOCHPOMONICHOCHE
3aK1a0i8 0c8imu, o 00380MIAE CBOEUACHO AOANNTY8AMU OCEIMHI NPOZPAMU 00 BUMOE PUHK)
ma 3abe3neuumu 8UCOKY SIKICIb Ni020MOBKU (axieyie.

Kntouosi cnosa: mapkemurneosuii nioxio, ¢axosa ocgima, ocgimui nociyeu, puHox
0C8IMHIX nociye, cyo'ekmu puHKy 0ceimu, puHox npayi.

© KosTtyn T.A., Mepkert O.B., ®inorenona 1.0., 2025
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MARKETING APPROACH TO MANAGING THE PROVISION
OF PROFESSIONAL EDUCATIONAL SERVICES

T.A. Kovtun!, O.V. Merkt?, 1.0. Finohenova®
Doctor of science, Professor, Professor at the Department
«Logistic Systems and Projects Management»
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0002-5410-4783
2Doctor of philosophy, Associate Professor, Associate Professor at the Department
«Logistic Systems and Projects Management»
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0009-0006-1903-590X
3Master of Logistics Management, Post Graduate Student of the Department
«Logistic Systems and Projects Management»
Odessa National Maritime University, Odessa, Ukraine,
ORCID ID: 0000-0001-9409-6135

Summary

Introduction. Modern transformational processes in Ukraine's education system,
caused by globalization and implementation of market mechanisms, require rethinking
approaches to educational organization. Research on professional education, directly
related to training qualified specialists for the labor market, becomes particularly
relevant. There is a need to implement a marketing approach to educational management
to ensure that educational services meet the requirements of consumers and employers.
The purpose of the article is to theoretically substantiate and identify the features of
the marketing approach to managing the provision of professional educational services.
Results. The article defines the educational services market as a system of economic
relations between subjects regarding the purchase and sale of educational services.
The main characteristics of the modern educational services market, the subjects of the
professional educational services market are identified and analyzed. The relationship
between the professional educational services market and related markets, particularly
the labor market, is examined. It has been established that imbalance between supply
and demand in the labor market arises due to the insufficiently prompt response of
the professional education system to dynamic economic changes. Conclusions. The
educational services market is a complex system whose effective functioning requires
established interaction between all subjects. The professional educational services
market is closely interconnected with the labor market, necessitating harmonization
of specialist training with employer needs. The marketing approach to managing
professional educational services is an important tool for increasing the competitiveness
of educational institutions, allowing timely adaptation of educational programs to
market requirements and ensuring high-quality specialist training.

Key words: marketing approach, professional education, educational services,
educational services market, subjects of education market, labor market.

Beryn. Cyvacui TpancdopMalliiiHi MpoIecH B CUCTEMI OCBITH YKpaiHH, CIIPHYU-
HEHI BIIPOBAHKCHHIM PUHKOBUX MEXaHI3MIB B OCBITHIO JiSUTBHICTH, BUMAararoTh Iepe-
OCMUCJICHHS MIAXOIB 0 OpraHizamii OCBITHLOTO mporiecy. OcoOIMBO aKTyaTbHUMH ITi
MMATAHHS CTalOTh IJIST CETMEHTY (haXOBOI1 OCBITH, SIKUH O€3MTOCEePEIHBO OB’ I3aHUN 13
MITOTOBKOIO CHEIaNICTIB Iy puHKY mpaili. CydacHICTh moTpeOye MiATOTOBKH BHCO-
KoKBaTi(hikoBaHUX (haxiBIIiB, SKi HE TUTHKH BOJOMIIOTH TOCTATHIM 00CATOM 3HAHB, aje
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W 3/1aTHI 11l 3HaHHS 3aCTOCOBYBaTH Ha TPAKTHUIl Ta MOCTIHHO YIOCKOHAJIOBATH CBOT
YMiHHS 1 HABUYKH.

B yMoBax BHCOKOT KOHKYpEHIIii Ha PUHKY OCBITHIX OCIYT 3aKijaau (paxoBoi OCBITH
MYCSTh BUKOPHCTOBYBATH 1HHOBAI[Ii{HI METOIM YIIPABIiHHS OCBITHBOIO AiSUTBHICTIO JUIS
3a0e3MeUYeHHs BIACHOT KOHKYPEHTOCTIPOMOKHOCTI. OHUM 13 Halie(heKTHBHIIIMX ITi/-
XOJIIB CTa€ MAPKETUHTOBUH, IO JIO3BOJISIE BUBYATH Ta 33J0BOJBHSATH IMOTPEOU YIacHU-
KiB pUHKY OCBITHIX IOCIIYT, & TAKOXK HAJIArOJPKyBATH B3AEMOJIII0 MK PHHKOM (haxoBoi
OCBITH Ta PUHKOM ITpalli.

3acTocyBaHHsI MapKETHHIOBOTO TMJAXOMy JIO YIPAaBIIHHS OCBITHIMH TOCITyTramMH
HaOyBae 0COOMMBOTO 3HAUCHHS B KOHTEKCTI HEOOX1IHOCTI TIO/IONIAHHS IUCOANaHCy MiXK
MOMUTOM Ta MPOIMO3UIIIEI0 HA PUHKY Ipalli, 10 BUHUKAE Yepe3 HelOCTaTHhO olepa-
TUBHY peakifito cucteMu (paxoBoi OCBITH Ha TMHAMIYHI 3MiHHM B €KOHOMIIIl Ta CYCITiJIb-
CTBI B IIJIOMY.

IMocTranoBka npo6aemu. CydacHuid pUHOK ITpalli BUCYBAE BUCOKI BUMOTH JIO SIKOCTI
MiATOTOBKM (haxiBIliB, OYIKYIOUM BiJl HUX HE JIMIIE TPYHTOBHUX TEOPETUYHUX 3HAHB,
aye ¥ MpakTUYHUX YMiHb Ta HaBUYOK, IO MOXKYThb OyTH Bijpa3y 3acTOCOBaHi y Mpo-
¢eciitniii gisiibHOCTI. CucTeMa (axoBoi OCBITH IMOBHHHA 3a0€3IIEUyBaTH ITiITOTOBKY
BHCOKOKBaJIi()iKOBAaHUX CIICIIANICTIB, 3aTHUX J0 MOCTIHHOTO MPOoeCiHHOrO BIOCKO-
HAJICHHS Ta aJlanTarlii 0 MiHJIMBUX YMOB PUHKY ITPAIIi.

[Ipote choromHi crocTepiraeTbesi 3HaUHMM TUCcOANaHC MK MOMUTOM Ta IPOTO-
3MIIE€I0 HA PUHKY (DaxXOBUX OCBITHIX MOCIYT. BifcyTHICTH CBOEYACHOI Ta ajeKBaTHOT
peaxiii 3 6oky cucremu (haxoBoi OCBITH Ha TpaHchopmarlii eKOHOMIKH PU3BOAUTEH JI0
TOTO, IO MPOMO3HUIist MPOPECiHUX KaJIpiB i3 IEBHUM PIBHEM OCBITH 4acTO HE BiAIO-
BiJjae pearbHUM 1oTpedbam poOoTonaBIiB. BupimenHs 1iel mpoOieMu MOXKIIMBE JIHIIE
3a YMOBH HaJIaroJPKeHHS €PeKTUBHOT B3a€MOJIIT Mi>K PHHKOM TTpalli Ta pUHKOM (haxoBUX
OCBITHIX MOCTIYT.

VY 1bOMY KOHTEKCTI aKTyalli3yeThCsi HEOOX1IHICTh 3aCTOCYBaHHS MapKETHHTOBOI'O
MiAXOMy 10 YNpaBIiHHS HaJaHHSM ()aXOBUX OCBITHIX MOCIYT, IIO JO3BOJHTH 3aKiia-
JlaM OCBITH BU3HA4YaTH Ta (OPMYBATH OCBITHI MPOJYKTH BIIMOBITHO O MOTped crio-
KHMBadiB. PUHKOBI YMOBU (YHKIIIOHYBaHHS OCBITHBOI raily3i 3yMOBIIOIOTH TIOTpeOy
y JOCTIJKEHH] XapaKTepUCTHK, OCOOIMBOCTEH Ta CTPYKTYPH PUHKY (axOBUX OCBITHIX
MOCJIYT, BU3HAYCHHI MOTO Cy0’€KTIB Ta BCTAHOBJCHHI B3a€MO3B’S3KIB 3 IHIIIMMU PHH-
KaMU, 30KpeMa 3 PHHKOM TIpalli.

[Ipobnema monsirae B HEOOX1THOCTI PO3POOKH Ta BIPOBAKEHHS MapKETHHTOBUX
MEXaHi3MiB B YNpPAaBIiHHA HaJaHHSAM (axoBUX OCBITHIX MOCTYT JUIsl 3a0e3reucHHS
iX BIJTMOBITHOCTI BUMOTaM YCIX 3alliKaBIIEHUX CTOpPiH: 3100yBaviB OCBITH, 3aKJaJliB
OCBITH, POOOTO/IABIIIB Ta JCPKABH.

AHani3 ocTaHHIX JociHiIxKeHb i myOaikamiii. TeopeTruHi Ta MPaKTUYHI aCIEKTH
(YHKI[IOHYBaHHSI PUHKY OCBITHIX TOCIYT € MPEJMETOM aKTHBHUX HAayKOBHX JOCIHi-
JDKEHb SIK 3apyOiKHUX, TaK 1 BITYM3HSHUX BYeHUX. DyHHAaMEHTaNbHI 3acagul Map-
KEeTUHTY B OCBITI 3aknajzeHo B mpamsx ®. Kornepa ta K. ®dokca [1], sixi po3pobuin
KOHIIETIIIIF0 CTPATeriYHOTO0 MApKETHHTY JUIs HaBYANbHHUX 3aKJaJiB 1 3aponoHyBaIH
CHCTEMHHH TIJIX1Jl IO aHANi3y OCBITHHOTO PHHKY Ta MO3MI[IOHYBaHHS OCBITHIX yCTa-
HoB. Lli inei Oynu po3BunyTi B podoTax b. SABopceki Ta A. Komi [2; 3], siki chopmystro-
BaJIM MPHUHIIMIIA PUHKOBOI opieHTarlii, a Takox /. Hapsepa ta C. Cneiitepa [4; 5],
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K1 00TPYHTYBAJIH NPSIMHUA 3B’ 130K Mi’K MApPKETHHIOBOIO Opi€HTAIi€l0 opraHi3alii Ta ii
pe3ynsraTuBHICTIO. Cepel BITYM3HSHUX JIOCIIIHUKIB BATOMHI BHECOK Y PO3BHUTOK TEO-
pii MapkeTHHTY OCBiTHIX mociyT 3poouia T. €. OboneHchka [6], sika nepiioro B Ykpaini
I'PYHTOBHO IIpoaHaji3yBaia 0cOOIMBOCTI MAapKETHHTOBOI JisIIBHOCTI 3aKIa/liB OCBITH
Ta 3arporoHyBaja METOIOIOTIYHI MiAX0IH 10 (OPMYBaHHS IXHBOI €PEKTUBHOI Mapke-
THUHTOBOT CTpaTeTii.

Crenngika puHKY OCBITHIX IMIOCIYT SIK CHCTEMH €KOHOMIUHHUX BiTHOCHH M1 PI3HUMHU
Cy0’€KTaMU I0/10 KYyMiBIIi-IIPOIaKy OCBITHIX MOCIIYT A€TAIbHO JOCHIKEHA B poO0Tax
0. A. Kapmirok [7], B. FO. Imutpienra [8], A. 1. Ky3smincekoro [9] ta P. [Taropu [10]. 11i
ABTOPH PO3IVISIJIAIOTH 3aKJIa]] OCBITH SIK aKTUBHOTO YYACHUKA PUHKOBHX BiJTHOCHH, KM
MOBUHEH aJIalTyBaTUCs JI0 MIHJIMBUX YMOB 30BHIIIHBOTO CEPEOBHINA Ta OPIEHTYBa-
THCS Ha 33JI0BOJICHHS MMOTPed CHOXHMBAYiB OCBITHIX mociayr. OcoOnuBy yBary JA0CHij-
HUKH TMPUIUISIOTH B3a€MO3B’SI3Ky PHHKY OCBITHIX MOCIYT 13 PUHKOM Ipalli, 0 JIOCTi-
mxeHo B mparix JI. M. Inpiu [11], H. 1. Xomsasko [12] ta T. FO. Orapenxko [13]. Boau
OOIPYHTOBYIOTh HEOOXIJHICTh MapKETHHIOBUX JIOCIHIPKEHb JUIS BUSBICHHS MOTpPEO
pPOOOTONABIIIB Ta IPOTHO3YBaHHSI MTOMUTY Ha (axiBIiB Pi3HUX CIELiATbHOCTEH.

[MpakTHuHi acreKTH BIPOBA/KEHHS! MAPKETUHTOBOTO MiIXO/y B YIIPaBIiHHS 3aKiia-
JlaMH OCBiTH po3miisiHyTO B pobotax O. M. Ilepexeiinu [14], A. B. Ma3sypa [15], JI. Kai-
HiHO1 [16], M. O. Jltormna [17] Ta O. I'. Ko310B01 [18]. ABTOpH NPONOHYIOTH KOHKPETHI
IHCTPYMEHTH MapKeTHHT-OPIEHTOBAHOTO YIPABIIHHS 3aKJIaaMd OCBITH, BKIIOYAIOUN
METOIH JIOCII/DKEHHSI PUHKY, (OPMYBaHHs OCBITHIX MPOJYKTIB, IHOYTBOPEHHSI, MTPO-
CYBaHHS Ta MMO3UI[IOHYBaHHS 3aKJ1a/[iB OCBITH Ha PUHKY OCBITHIX IOCIIYT.

OctaHHIMH pOKaMH OCOOJIHMBOTO 3HaYCHHS HaOyBarOTh JIOCIIKEHHS y cdepi nud-
poBoi TpaHCchOpMAIil MApKETHHTOBOI TisTBHOCTI 3aKJIa/(iB OCBiTH. 30Kpema, B. JIudap
ta A. Mi3i [19] nocniKyloTh BUKOPHCTAHHS IHCTPYMEHTIB IIU(PPOBOTO MAPKETUHTY
y hopMyBaHH1 IMiJIXKY 3aKJIa/IiB BHIOi OCBITH B YKpaiHi. BB mipkuTanizanii Ha po3-
BUTOK KOMYHIKaIliHOT ITOJIITHKY 3aKJIa/{iB OCBITH IPYHTOBHO NIPOAHAIi30BaHO B pPOOOTI
B. B. Jloiiko ta €. M. Jloiiko [20]. OcobnmuBocTi ¢popMyBaHHS Ta peanizallii Mapke-
TUHTOBOI KOMYHIKaTUBHOT CTpaTerii B yMOBax Ji/KUTai3allil po3nIsIat0ThCsl B TOCITI-
mkeHni €. M. Jloiiko [21]. KommekcHe nociikeHHs mpoOneMaTtuky nugpoBizarii
3aKJiaJly OCBITH sIK €()eKTHBHOI MOJIENI YIPABIIHHS SKICTIO HAJIaHHS OCBITHIX TIOCITYT
npeacTaBiieHo B poOoti A. Manaxosa Ta O. XmenbHOT [22], siki 00IpyHTOBYIOTh HE00-
XIJHICTh BITPOBAPKEHHS IU(DPOBUX TEXHOJOTIH y BCI aCleKTH AISUIBHOCTI 3aKJIajiiB
OCBITH, B TOMY YHCJIi B MAPKETUHTOBIH JisITBHOCTI.

Brim, He3Baxaroun Ha 3HAYHY KUTBKICTB JOCIHI/PKEHb Y cepi MApKETHHTY OCBIT-
HiX MOCITYT Ta (PyHKIIOHYBaHHS PUHKY OCBITH, HEIOCTATHHO BUBUCHUMH 3JTUIIAIOTHCS
MUTaHHS MPAKTUYHOTO 3aCTOCYBAaHHS MapKETHHIOBOTO IMiJIXO/Y JI0 YIIPaBIiHHS Ha/IaH-
HSIM caMe (aXxOBHUX OCBITHIX TOCIYT B yMOBax TpaHcdopmaiii OCBITHBOT CHCTEMHU
VYkpainu.

@opmyaoBaHHs mijiell crarrti. MeTol0 cTarti € TeopeTudHe OOIPYHTYBaHHS
Ta BHU3HAYCHHS OCOONMBOCTEH MapKETHHIOBOTO IiJXOMY JO YIPABIiHHS HaJaHHIM
(axoBUX OCBITHIX MOCTYT.

BianoBijiHO /10 MOCTaBICHOT METH B CTATTI OyJIM BUKOHAHI TaKi 3aBIaHHS:

1. Bu3HaueHO CyTHICTh Ta OCHOBHI XapaKTEPUCTHKH CYYaCHOTO PUHKY OCBITHIX
HOCIIYT.
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2. OxapakTepr30BaHO Cy0’€KTiB pUHKY ()aXOBHUX OCBITHIX ITOCIYT Ta IXHI QYHKIIIT.

3. TIpoanainizoBaHO B3a€MO3B’SI30K PHHKY (DaXOBHX OCBITHIX MOCIYT i3 CYMIKHUMH
PUHKaMH.

4. BU3HaYeHO METOMOJIOTIUHI 3acaju JOCIIJDKEHHS PUHKY (PaxoBHX OCBITHIX
MOCITYT.

5. OOrpyHTOBaHO IMPaKTHYHI PEKOMEHAIIIT I10/I0 BIPOBAKCHHS MapPKETUHTOBUX
THCTPYMEHTIB B YIPaBIiHHS HaJaHHSIM (PaxOBHX OCBITHIX ITOCIYT.

Buknan ocHoBHoro marepiamy. OCBiTHI TIOCIYTH SIBISIIOTH COOOIO YHIKAJNbHY
KaTeropito EKOHOMIYHUX OJar 3 JyaJiCTHYHOIO NPHPOIOI0, MOEIHYIOUH EKOHOMIYHI
Ta comiajibHi acriekTH. CKiIagHa CTPYKTypa CHCTEMH OCBITH Ta Pi3HOMAHITTS ii BUJIB
YHEMOXKITUBITIOIOTH MEXaHIYHE MIEPEHECEHHS 3araIbHIX PUHKOBUX KOHIIEMIIIN Ha cepy
OCBITHIX mocyr. OCBiTHI MOCIIYTH € CYCIUTBHUM 0J1aroM, OCKUTBKH BOHHM HAJICXKATh JI0
KaTeropii mociIyT, MOKINKAaHUX 32/I0BOJILHSTH KOJICKTUBHI TOTPEOH.

PUHOK OCBITHIX MOCIYT JIONIIBHO TPAKTYBAaTH SIK IHTETPOBaHY CUCTEMY €KOHOMIYHUX
BiZTHOCHH MIXK Pi3HOMaHITHUMH Cy0’ €KTaMH MIOJIO0 KYITBIi-[IPOaXy OCBITHIX ITOCIYT, 1110
(hbOopMYIOThCS Y ITPOIIECT TUHAMIYHOT B3a€MOJIIT MOMHUTY 3 OOKY CITOXKHMBAUIB Ta ITPOO3HUIIIT
BiJI 3aKJ1aJ1iB OCBITH. KOMIUTEKCHMI aHaIIi3 HAYKOBUX JDKEPEIT I03BOJISIE CHCTEMATH3YBaTh
MIiZXOMU JI0 BU3HAUCHHS [IHOTO MOHATTS (Ta0i. 1), BHOKPEMITFOIOYM CKOHOMIYHI, COIli-
QJIBHI Ta THCTUTYIIIHI aceKTH (YHKIIOHYBaHHSI PUHKY OCBITHIX TTOCITYT.

Tabmuus 1
Bu3zHaueHHS MOHSATTS «PUHOK OCBITHIX MOCYI»
ABTOp TpakTyBaHHs
O6onenceka T. €. PHHOK OCBITHIX IOCTYT — II€ CHCTEéMa BiTHOCHH (€KOHOMIYHHX, COIIi-
[6] aNbHUX, IPABOBHX, OPraHi3allifHuX), ki 3a0e311e1yi0Th BAPOGHHULTEO,

peaitizailito, CrioXKMBaHHSI OCBITHIX MMOCIYT, TOOTO MPOIIEC BIATBOPEHHS
po60Y0i cHIH Ta PO3BUTKY 0COOMCTOCTI.

Kapmrox O. A. PHHOK OCBITHIX MOCIYT — II€ CYKYITHICTh CKOHOMIYHHUX B3a€MOBIIHO-

[7] CHH, III0 CKJIQTAIOTHCS MIXK PI3HOPIBHEBUMH CY0’ €KTaMH 3 IPUBOLY
KyMiBJIi-TIPOJIaYKy OCBITHIX TOCIIYT.

Jmutpies B. 1O. PrHOK OCBITHIX ITOCIYT — II€ CHCTEMa COLialbHO-eKOHOMIYHHUX BiTHO-

[8] CHH MiXX HaBYAJHHUMH 3aKJIaJJaMH 1 CTIO)KUBAYaMH 3 METOIO TIPOTAXKY

Ta KyHiBJIi OCBITHIX HOCIYT.

Ky3pmincpkuit A. I. | PUHOK OCBITHIX IOCTYT — eKOHOMIYHUI TIPOCTIp, HA SKOMY B3a€EMOIIOTh
[9] TMOIMT Ha OCBITHI MOCITYTH 3 00KY OCHOBHHUX IOCIIOAAPIOIOYHX CY0’ €KTIB
(oxpemMux rpoma/isiH, JOMOTOCIIONAPCTB, MIPHEMCTB I opraHizarii,
Jiep>KaBy) 1 TX MIPOTTO3MIIiS BiJT PI3HUX OCBITHIX 3aKJIAIiB.

[Taropa P. PUHOK OCBITHIX MOCIIYT — 116 CUCTEMa BITHOCHH Y PUHKOBHX yMOBax
[10] 3 IPUBOJTY KYIIiBIII-TIPO/IAXKY OCBITHBOT ITOCIYTH, SIKa B CUITY IILOTO CTa€
TOBAPOM.

IDicepeno: yzazanvueno asmopamu na ocnogi [6-10]

MeTo0JI0TiHHO0 0CHOBOIO JIOCITI/PKEHHS pUHKY ()aXOBUX OCBITHIX ITOCIYT € KOMII-
JIEKCHUH TIIX1[, 0 MOETHYE THCTPYMEHTH €KOHOMIYHOTO, MApPKETHHIOBOTO Ta COIi0-
JIOTIYHOTO aHaji3y. Y Mexax Halloro JA0CiKeHHs OyJid BUKOPUCTaHI TaKi METOJIH:

— CHCTeMHHUH aHaJi3 1 BUBUECHHS CTPYKTYPHU Ta B3a€MO3B’SI3KiB €JIEMEHTIB PUHKY
(haxoBUX OCBITHIX MOCTYT;

— KOMITapaTUBHUI aHAJII3 /IS MOPIBHSHHS PI3HUX ITiIXO/IB /10 BU3HAYCHHS TOHSTTS
«PHHOK OCBITHIX TTOCITYT;
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— CTPYKTYpPHO-(QYHKIIOHAJILHUN aHaIi3 Ui JOCTIDKEHHS (YHKIIN Cy0’€eKTiB
PHHKY (paxOBHX OCBITHIX ITOCIYT;

— rTpadiuHmMi MeToh JUIs Bi3yanmizallii B3a€MO3B’SI3KIB MK PI3HUMH PHHKAMH
Ta cy0’eKTamu;

— eMIipu4YHi METOIH Jisi 300py Ta aHaji3y JaHWX mon0 (QYHKIIOHYBaHHS PHHKY
(haxoBUX OCBITHIX MOCTYT.

[TpoBeaeHe AOCTIKSHHS TO3BOIMIO BUSIBUTH OCHOBHI TCHJEHIIT Ta 0COOJIMBOCTI
(byHKIIOHYBaHHS pUHKY (DaXOBHX OCBITHIX IMOCIYT B YKpaiHi, 10 BiIOOPayKEHO B TAKUX
pe3yJnbrarax.

OCHOBHI XapaKTePUCTUKHU Cy4acCHOTO PUHKY OCBITHIX MOCIYT:

1. PUHOK OCBITHIX TIOCIIYT TOB’sI3aHUH 31 3HAYHUM PHU3UKOM, 110 3yMOBJICHO HEMOXK-
JMBICTIO TOYHO MPOTHO3YBaTH MOIMUT Ha OCBITHI mociayrd. OCOOIMBO 1€ CTOCYEThCS
HOBHX OCBITHIX TOCHyr (HOBOi CIHeLialbHOCTI, OCBITHBOI mporpamu abo ¢opmu
HaByaHHs). [IporHO3 Ha OCBITHIO IHHOBAIIIIO CKIIAIHUH Yepe3 BiJICYTHICTh MeXaHi3My ii
TECTYBaHHsI, TOMY BUBEICHHS HA PUHOK IIi€1 IOCITYTH MOB’I3aHE 3 PU3UKOM, KM MOYKE
OyTH HEBUITPABIAHUM.

2. Tlpomo3wuiliss Ha PUHKY OCBITHIX TOCIYr € BEIHYUHOI TPaHHUYHOIO, Heeac-
TUYHOIO 1 TOMy OuIbII BHM3HaueHOo, HiX mnomuT. LBuako 30LMBIHMTH 00CATH
Ha/IaBaHWX OCBITHIX IMOCIYT y pa3i 3Ha4HOro 30iJbIICHHS TONHUTY HAa HUX BKpau
CKJIAIHO.

3. IomuT Ha OCBITHI MOCIYTH OUIBII 1HIWBINya bHUHN, BiH TIepeaye iX BUPOOHH-
IITBY 1 B OCHOBI CBO{i Ba)KKO ITiJ/TA€THCS B3aEMO3aMIHHOCTI. 3pOOUTH MOCIYTY B TOMY
BUDIISAII, B SIKOMY BOHA Oyia O iJeHTUYHA MOMUTY Ha Hel, MPaKTHYHO HEMOKIIUBO.

4. Ha BigmiHy Biji TOBapiB, CIIOKMBAHHS OCBITHIX MOCIYT MPAKTUYHO HE M€ 4aco-
BUX 0OMEKEHb, 1110 HAOUHO IiJITBEP/PKYETHCS KOHIICHIIIERD Oe3repepBHOT OCBITH.

5. TpaauuiitHuii TOKaJIBHUHN XapakTep PUHKY OCBITHIX TOCITYT BU3HAYAETHCS HEPO3-
PHBHICTIO TIONUTY Ta MPOMO3HILii. AJle OCTaHHIM 4acoM, 3 OIJIsIy Ha MacOBHI Nepexij
Ha JUCTaHIlIifHe HaBYaHHsI, IIe He € Oe3repedHuM (PakToM I Cy9acHOTO PHHKY OCBIT-
HIX MTOCIIYT.

7. Insa cdepu OCBITHIX MOCIYT XapakTepHa acCUMETPUYHICTh iHpopmaii. Crioxu-
Bay, Ha JKaJb, YaCTO HE BOJIOAI€ TTOBHOO iH(OPMAIIIEIO MPO SKICTh HATaBaHOI IOCITYTH
1 OpIEHTYETHCS HA TIOTIEPE/IHIN TOCBI, IO CTBOPIOE TIEBHY HEBU3HAYCHICTH HA JIAHOMY
PHHKY.

8. BiTYu3HSIHMI PUHOK OCBITHIX MOCIYT ()aKTHUHO c(hopMyBaBCS B YMOBax Iepe-
XOJy 10 pUHKOBHX MEXaHi3MiB rOCIOJapPIOBAHHS Ta iICHYE B PHHKOBUX YMOBaX.

9. lludposa Tpanchopmallisi OCBITH CYTTEBO 3MIHIOE XapaKTep HAJaHHS OCBITHIX
MOCTYT, PO3IIUPIOIOYN X JIOCTYIHICTh Ta BIJKPUBAIOYM HOBI MOXKIMBOCTI JUIs TIEp-
COHaJTi3allii HaBYaHHS. 3a JaHUMHU ONUTYBAHHS, MPOBEICHOrO JlepKaBHOKW CIy)00r0
craructuku Ykpaiau y 2023 poui, 78 % 3aknaniB ¢paxoBoi ocBiTH B YKpaiHi BIIpoBa-
JIWJIA €JIEMEHTH JTUCTAHIIIMHOTO HABYAHHS, 1[0 CBITYUTH MPO aKTUBHY JIIJDKUTAI3AIII0
OCBITHBOTO TIporiecy [23].

10. 3pocTae KOHKYpEHIlisi Ha PUHKY OCBITHIX MOCIIYT, OCOOIHMBO Y CerMeHTI (haxo-
BOI OCBITH, IO MOCHIIIOETHCS MTOSIBOIO HOBHUX (DOPM Ta MPOBAKIEPIB OCBITHIX MOCIYT,
30KpeMa OHJIAiH-TIaT(hopM, KOPITOPATUBHHUX YHIBEPCUTETIB Ta MIXXHAPOIHUX OCBITHIX
oprasizarfii.
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Cy0’€exTH pHHKY OCBITHIX ITOCIYT Ta IXHi (QYHKIIIT

VYdacHUKaMU PUHKY OCBITHIX ITOCIHYT, IO BCTYIAIOTh B €KOHOMIUHI BiTHOCHHH, €:
BUPOOHUKHU a00 MOCTaYalIbHUKH OCBITHIX MOCIYT, CIIOXKHMBAa4i OCBITHIX MOCIYT, IOCe-
PEIHUKH, epiKaBHI Ta TPOMAJIChKi IHCTUTYTH Ta CTPYKTYpPH, IPHUYETHI 10 MPOCYBaHHS
OCBITHIX MOCIYT Ha pHHKY (puc. 1).

Cy0’€KTH PHHKY
OCBIiTHIX mocayr

Hepxaeni Ta

rpoMagceKi
/ iHcTHTYTH
A

Bupodunrn . - Cnoxneaqi
OCBITHIX mocayr | »| ocEBiTHIX mocayr

v
IMocepenERKR /

Puc. 1. Cucmema cy6’exmis punky oceimuix nociye
IDicepeno: enacna po3pobka asmopie

/

3HauHa KUIBKICTh OCBITHIX MOCIYT Mae npodeciiiny (paxoBy) cipsMOBaHiCTb, TOOTO
HAJICXKITh 10 cerMeHTy npodeciiinoi (haxoBoi) ocBitH. Paxosa ocsima —3100yTTs KBa-
midikarii 3a BIAMOBIIHUM HANPSIMOM TiATOTOBKH a00 CIIEIialbHICTIO, 1110 SBIISIE COO0I0
LIJIECTIPSMOBAHUN MTPOIEC HABYAHHS HASBHUX (IPAIIOI0YMX) 1 TOTSHIIIMHUX (HAIpH-
KJIaJl, CTY/ICHTIB) MpauiBHUKIB NpodeciiHMX 3HaHb Ta BMiHb 3 METOIO HAOYyTTs HaBU-
YOK, HEOOXITHVX JIJIsi BAKOHAHHSI IEBHUX BHIIB 3aBJjaHb Y KOHKPETHIN CIEIialbHOCTI.

OcHoBHi hopmu 3100yTTs (haxoBOT OCBITH: HABYAHHS Yy BHUIIMX 1 CHIELiasli30BaHUX
HaBYaJbHUX 3aKJIaJlaX OCBITH, CTaXXyBaHHS Ha Kypcax ITiIBUIIICHHS KBaidikarii, yao-
CKOHaJIeHHs1 npodeciiiHoi maiictepHOCTi Ha BupoOHUNTBI. KpiM TOTO, icHye Oararo
IHIIMX MiOXO0AIB 10 MPo(eciiiHOro poO3BUTKY, a caMe: KOHCYIbTalil, TPEHIHTH, CIIIIbHI
[IPAKTUKHU, BUBUCHHS YPOKIB, HACTABHULITBO (MEHTOPCTBO), TEXHIUHA 10TIOMOTa [24].

Bupobnuxamu (nocmavansnuxamu) ocimuix nocy2 BUCTYNaroTh GpisuyHi abo opu-
JUYHI 0cOOHM, SIKI MarOTh 03B (JIIEH3iI0) HA IIeH BHJ MisUIBHOCTI Ta BUXOIATH Ha
PHHOK 13 An(epeHioBaHOI0 NPOMO3HULi€l0. 3 MO3ULi PUHKY Mpali IHTepec CTaHOB-
JSTH (paxoBi OCBITHI MOCITYTH 3 TIEPILIOTO 110 TPETiH PiBHI OCBITH, 1110 HAJAIOTHCS 3aKJIa-
namu rpodeciiftHol Ta BUIIOI (B TOMY YHCII MiCIISAUIIIOMHO) OCBITH.

3aknaan (axoBoi OCBITH BHCTYHAIOTh y Poii cy0’€KTiB, 10 (HOPMYIOTH MIPOIO3HU-
Iif0 Ta HAJAIOTh OCBITHI MOCIYTH. 3 MO3HIII MapKETHHTOBOTO ITiIXOy 0 OCHOBHHX
¢byHKLil 3aKknany GpaxoBoi OCBITH BXOAWUTH: HAAAHHS OCBITHIX IMOCIYT, IepeAada 3HaHb
3000yBayaM OCBiTH, (JOPMYBAaHHS Y HUX YMiHb Ta HABUYOK 32 (DaxoM; HaJlaHHS JOAAT-
KOBHX OCBITHIX MOCHYT, 110 (POPMYIOTb OCOOUCTICTh MalOyTHHOTO (paxiBILsL; HAAHHS
iHpOpMaLIfHO-TTOCEPETHULBKUX TOCIYT MOTCHUIHHUMH Ta pealbHUM 3400yBayaM
OCBITH Ta POOOTONABIISIM, BKIIFOYAIOYH [TOTOKEHHS 3 HUIMH YMOB MaiflOyTHbO1 poOOTH,
PO3MIpiB, HOPSIKY Ta JuKepes (piHaHCYBaHHS MOCIYT.

Cnootcusaui ocgimuix nociye GOpMyIOTh IOIUT HA OCBITHI ITOCTYTH Ta 3a10BOJILHSIOTH
CBOI OaykaHHsL, ITiJ SIKUMHU PO3YMIIOTh ITOTPEOH, 110 HAOYIIM KOHKPETHOT (DOPMH BiIIOBIIHO
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JI0 PIBHS KyJIBTYpH Ta 0COOMCTOCTI iH/¥Bia. CHIOXKMBAYIB OCBITHIX TIOCITYT YMOBHO MOKHA
TIOJIUTMTH Ha CIIOYKMBAYiB-KJIEHTIB Ta CTIOKMUBAYIB-TIOKYIIIIIB OCBITHIX TIOCIYT.

Cnoorcusaui-knienmu — 1e 0codu, ki 0epyTh Oe3nocepeJHbO Y4acTh Y Tpoleci
HaBUaHHs, a00 3700yBaui (axoBoi ocBith. BignosimHo o [25] 3m00yBaui ocBiTH —
BUXOBaHIIl, Y4Hi, CTYACHTH, KYpCaHTH, CIIyXadi, CTa)KHUCTH, aCHIpaHTH (aJ1’ TOHKTH), JIOK-
TOpPAHTH, IHII 0CcOOH, SIKi 3/100yBalOTh OCBITY 3a Oy/Ib-KUM BHUJOM Ta ()OPMOIO 3710-
OyTTs ocBiTH. OKPEMO BHILIMMO 3000y6auis (haxoeoi oceimu — CTYIEHTIB, KypCaHTIB,
CITyXadyiB, CTAXKUCTIB, acHipaHTIB (a1 IOHKTIB), JOKTOPAHTIB, IHIIUX 0Ci0, SKi 3100yBa-
10Th (haXxOBYy OCBITY 32 Oy/b-SIKUM BHJIOM Ta ()OPMOFO 37100yTTSI OCBITH.

Y npotieci HaJlaHHST OCBITHIX MOCIYT, SIKUH € OJIHOYACHO 1 POIIECOM iX CIIOKUBAHHS,
Gbi3u4HUM 0co0aM, SIKi HABYAKOThCS, TOOTO OE3MOCEePEeIHIM CIIOKHUBaYaM, HaJISKUTh 0CO-
OmmBa poib. EQeKTHBHICTH OCBITHIX MOCTYT BEJIHMKOIO MIpOIO 3aJ€KHUTh Bijl aKTHBHOTO
BKJIFOUCHHS OCi0, 10 HABYAIOTKLCS, a came 3/100yBadiB, y Mpoliec iX HaJaHHs, SIKHH Ma€e
nepcoHigikoBaHul Xapakrep. 3100yBad OCBITHIX MOCIYT € HE MPOCTO MarepialbHUM
HAKOITMYyBayeM 3HaHb, ajie 1 X HOCieM, BOJIOApEM, KOPUCTYBaueM Ta KiHIIEBHM CIIO-
JKMBadeM, SIKAH HaJlalli MOXKe X BUKOPUCTOBYBATH B Ipo(deciiHiil AisIbHOCTI 32 haxoM.

3m00yBau 3jiiicHIOE BHOIp CBOET MalOyTHBOI CHEIIaIbHOCTI, TEPMIHIB, MICIIS
Ta (hopMH HaBYAHHS, BAPTOCTI Ta JHKEped Horo ¢iHaHCYBaHHS, a TAaKOX BHOIp Maii-
OyTHBOTO MicIst poOoTH (a00 HACTYIMHOTO PiBHSI OCBITH) W YCHOTO KOMIUIEKCY YMOB
peanizaiiii HabyTOro moreHIiany. 3100yBady € EHTPAILHOK JIAHKOI, 3aBISKUA SKOMY
Ta HaBKOJIO OCOOHMCTICHOTO BUOOPY SIKOTO HAJIArO/DKYIOTh B3a€MOJIT BCi iHIIN CYy0’ €KTH
pPHUHKY (axoBOi OCBITH.

Cnoarcusay-nokyneys — 1ie Cy0’€KT, SIKHI TPUIMae PIllIeHHs PO KYIIBIIO Ta TPO-
BOJIMTH OILIATY OCBITHBOT MOCIYTH ii BUpOOHUKY. Jl0 CTIOKMBaYiB-ITOKYIIIIIB HAJIEKaTh
(hizuuHi 0coOu abo FOPUIAMYHI OpraHizallii, Mo 3AIHCHIOIThH OIUIATY OCBITHIX MOCIYT.
Crio)xrBaueM-IIOKyIIIeM MOXKE BHCTYIIATH JepikaBa, poOOToAaBIi, cami 3100yBadi
(haxoBOi OCBITH Ta IXHI 0aThbKH, poAuuu TOIIO. OTXKE, B SIKOCTI CIIOKHUBaya-KJIi€HTa
Ta CIIOKMBaYa-TIOKYIIISI MOYKE BUCTYIIATH OJ{HA i Ta cama ocooa.

Ha punky (axoBHX OCBITHIX MMOCIYT, OKpIM BUPOOHHUKIB Ta CIOXHUBAYiB, BAKIIHBY
POJIb BiZIrpalOTh MOCEPETHUKH, a TAKOXK JCPIKaBHI Ta TPOMAJIChKI IHCTUTYTH.

Jo cknany nocepednuxie BXONATh Pi3HOMAHITHI CYO’€KTH: CIIy:KOM 3alHATOCTI,
Oipxki mparlti, OCcBiTHI (GOHIM, acolliaIlii 3aKjiajaiB OCBITH Ta MiAMPUEMCTB, CICLiaIbHI
OCBITHI IIGHTPH, OPTaHM PEECTpAllii, JIIEH3yBaHHs Ta aKpeIuTallil 3aKjajiiB OCBITH
Ta iHIIN opraHizaiii. Yci 1i cy0’€KTH CHPUSIOTH OiIbIl €()EKTHUBHOMY MPOCYBAaHHIO
OCBITHIX TociyT. OyHKIIOHAIEHE TPU3HAYCHHS [TOCEPETHHUKIB TOJISATAE Y TPOBEICHHI
MapKETHHTOBHX JIOCIIJKEHb PHHKY OCBITHIX TIOCIIYT, KOHCYJIBTYBaHHI iIHIINX Cy0’€KTiB
II0/I0 CTaHy PUHKY (haXxOBOT OCBITH, y4acTi B Ipoliecax akpeauTallii 3akiiaaiB (paxoBol
ocBiTH, (hopMyBaHHI KaHaiB 30yTy, OpraHi3allii IpoJaxKy OCBITHIX MOCIYT, & TAKOX
ydacTti y (piHaHCYBaHHI, KpeIUTYyBaHHI Ta 1HIIMX (opMax MarepialibHOl i pecypcHoOl
HiITPUMKNA BUPOOHUKIB Ta CIIOKUBAYIB OCBITHIX MTOCIYT.

OcoOnuBe Miclie B CHCTEMi PUHKOBHX BITHOCHH y cdepi (haXxoBOi OCBITH HAIEKUTH
oeporcasi ma it opeanam ynpasninis, SKi BAKOHYIOTb He JIUIIE PETyIsTOPHY, ajlie i cTpare-
rYHO-KOOPIUHALIIHHY (PyHKIIi0, 3a0e3euyroun 30a1aHCOBaHUH PO3BUTOK HAIlIOHATBHOT
cucrteMu (axoBOi OCBITH BIAMOBIIHO /IO JOBIOCTPOKOBHX MPIOPUTETIB COLIaIbHO-CKO-
HOMIYHOTO PO3BUTKY Kpainu. /o KIo4oBUX (QYHKIIN Jep:KaBu HAIEKaTh: (POPMyBaHHS
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CTpaTeriyHoro 0aueHHs pO3BUTKY (haxoBOT OCBITH; 3a0€3MEUEHHS SIKOCT1 OCBITHIX MOCIYT
Yyepe3 MEeXaHI3MH JIIEH3YBaHHs Ta aKpeIuTallil; MOHITOPHHT Ta OIIHIOBaHHS €()eKTUB-
HOCTI 3aKJaJiB OCBITH; IIbOBE (hiHAHCYBaHHS NPIOPUTCTHHUX Tally3edl Ta CTBOPCHHS
CHPHUSTIIMBOIO 1HBECTHUIIIMHOIO KJIiMaTy. 3aCTOCOBYIOYHM KOMILJICKC IHCTPYMEHTIB (Jep-
JKaBHE 3aMOBJICHHSI, TTOJIATKOBI MiJIBI'H, TPAHTOBI TIPOTPaMu, KPEIUTHI MEXaHI3MH), Jiep-
JKaBH1 OpraHy 30aIaHCOBYIOTH MOIHT 1 IPOTIO3HUIIII0 Ha PUHKY (PaXOBHX OCBITHIX MOCIYT,
CTUMYIIIOIOTh PO3BUTOK TMEPCIEKTHBHUX CHEIabHOCTEH, 3a0e3MeuyloTh 1HKITIO3UB-
HICTh Ta JIOCTYIHICTh OCBITH, MATPUMYIOTH pi3Hi 1i popmu (popmanbHy, HepopMaIbHY
Ta iHpOPMAabHY) JUTS peasti3allii IPUHIMITY HABYAHHS IPOTSITOM KHTTS.

36’5130k pUHKY (haxo8ux 0CEIMHIX ROCAYe 13 CYMINCHUMU PUHKAMU

Bbazoro po3BUTKY €KOHOMIKH KpaiHU Ta Ii eKOHOMIYHHX YCIiXiB CIYKUTh 3pOCTaHHS
piBHS (axoBOi OCBITH HACEJICHHS, & PIBEHb PO3BUTKY CUCTEMH (PaxOBOi OCBITH, CBOEIO
Yeproro, 3aJIeKUTh BiJl EKOHOMIYHOTO PO3BUTKY KpaiHH. 3BiJICH BUILIMBAE, 110 (GaxoBa
OCBiTa Ta EKOHOMIKa CITIBICHYIOTb SIK JIBI B3a€MO3B’s13aHi Ta B3a€MO3aJICIKHI CHCTEMH.
daxoBa 0CBITa CTBOPIOE EKOHOMIKY, EKOHOMIKa pO3BHBAE (PaxoBy OCBITY. SIK HACHIIOK,
(OpMYIOTBCS 3B’ SI3KM PUHKY (PaXOBUX OCBITHIX TOCHYT i3 CYMIXKHUMH PUHKAMH.

3a pesynbraTamMu MPOBEIEHOTO JOCIIIPKESHHS, B3a€EMO3B 130K PHHKY (paXOBUX OCBIT-
HiX MOCIYT i3 CyMI>KHUMHU PUHKAMH Ma€ CUCTEMHHUH XapakTep Ta MPOSBISIETHCS Yepes
COILIaIbHO-eKOHOMIUHi, OpraHi3aliifHo-yIpaBIiHChKI Ta iHPOpPMaIiTHO-KOMYHIKaIii{Hi
BiTHOCHHU. 3TiHO 3 JaHuMU Jlep:kaBHOT ciryOu craTucTUKU Ykpainu 3a 2023 pik,
CTIOCTepiraeTbest aucOanaHc MK CTPYKTYPOIO HiATOTOBKH (haXiBIiB Ta morpedamu
PHMHKY ITpalli B po3pi3i cneniaibHOCTeH. Tak, HaJJTUIIIOK BUITYCKHUKIB CITOCTEPIraeThCsl
y cepax mpapa, EKOHOMIKH, MEHEPKMEHTY, TOJ1 SIK BiAUyBaeThCs Aedinut (haxiBIliB
IH)KCHEPHO-TEXHIUHUX CIeIiaIbHOCTEH [23].

3 ogHOTO OOKY, (PaxOBi OCBITHI MOCIYTH € OJHHM i3 CEKTOPIB CIIOXXHBYOTO PHHKY,
3 IHIIOTO OOKY, BCi €IEMEHTH CIIOYKHBYOTO PUHKY MOTPEOYIOTh POAYKTIB PHHKY (axo-
BUX OCBITHIX MOCIYT y BUDNSJI MiATOTOBICHHUX MpodeciiHux kaapiB. OTxe, pUHOK
(haxoBUX OCBITHIX MOCIYT HEOOXiTHO PO3IVISIIATH Yy B3a€MO3B’SI3KY 3 yCiMa eJeMeH-
TaMH CIIO)KUBUOTO PHHKY. 3B SI30K LIEH € OTOCepeIKOBaHNM Yepe3 B3a€MOJIII0 3 PUHKOM
palli, OCKIIbKH PHHKOBA €KOHOMIKa Teper0dadae HassBHICTh PUHKY Tpalli, IKUi popmy-
€THCS 3AJICKHO BiJl TOTPEO CIIOKMUBUOTO PUHKY Ta 3aB/SIKH ICHYBaHHIO PHHKY (axoBUX
OCBITHIX mocnyT. ToOTO CIIOCTEPIracThesi B3aEMHA 3aJI€KHICTh TPhOX PHHKIB: CIIOKHB-
YOro PUHKY, PHHKY Tpalli Ta puHKY (aXOBUX OCBITHIX MOCIYT (pHUC. 2).

CroXMBYMi PHHOK, PUHOK Tpalli Ta pHHOK (PaXOBHX OCBITHIX ITOCIYT € CYMIKHUMH,
CErMEHTH OUTBIIOCTI CyMDKHHX PUHKIB € PHHKaMH pecypciB abo 3aco0iB mparii Juis
PHHKY OCBITHIX mocnyr. OTke, puHOK ()aXOBHUX OCBITHIX MOCIYT € COLIaIbHO-EKOHO-
MIYHOIO CHCTEMOIO, 1110 33JI0BOJIbHSIE IOTPEOU CYCIIIBCTBA y MiATOTOBII KBasi(hikoBa-
HUX NMpodeciifHuX KaapiB, BUCTYIIAE B POl pecypcHoi 6a3u puHKY nparli. CrioKuBYHiA
PUHOK, 00OB’SI3KOBUM E€JIEMEHTOM SIKOTO € TIAroTOBIeHI npodeciiiHi kaupu, Gopmy-
€THCS 32 PaXyHOK PECypCiB pUHKY TIparli.

Humni cioctepiraerhbest qucbanane MK TIOITUTOM Ta IPOTIO3HITIEI0 Ha PUKY (PaXOBUX OCBIT-
HiX mociyr. Yepes BiZICYTHICTh CBOEYACHOT Ta aJICKBATHOI peakilii 3 00Ky cucTeMu (haxoBoi
OCBITH Ha 3MiHM €KOHOMIKH IPOTO3HUIIisi TPOPECiHHNX KaJpiB 3 TIEBHIUM PIBHEM OCBITH HE
BIJIIOBI/IA€ TTONUTY HA PUHKY Tpatii. BupimmTy npoGieMy, 10 BUHUKIIA, MOYKITBO 3aBJISIKH
HaJIaro/PKEHHIO B3a€MOJIiT MK PUHKOM ITpalli Ta PUHKOM (DaXOBUX OCBITHIX TIOCIYT:
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Exonomira

Cnoxueanii pHHOK

Punok ToBapie Punok mocayr

(xapuoBa, xiviuna, (MeIHmuEA, ocBiTa,
JAeTKa TPaHCHOPT,
MPOMHCIOEICTE 3B A30K, TOPTiEIa
Ta in.) Tain)

Ionum na draxisuic IHponesuwin faxisuis

Prrox mpami

Baza BakaHciil paxiemie

PaBOK ()aX0BHX OCBITHIX mOCTyT

| $axoea ocEiTa |

Cycnitbcmeo

Puc. 2. B3aemo3ss 5130k punky paxosux oc8imuix nociye i3 CyMisCHUMU PUHKAMU
Iicepeno: enacna pospobka agmopis

PuHOK paxoBHX OCBITHIX MOCITYT OB’ I3aHHH 13 PUHKOM ITpaIli OTI0CEPEAKOBAHO, Yepe3
OCBITHI NOTPEOH, SKi BUCTYAOTh OJJHOUYACHO HAWBaXKJIMBIIITMMUA YMHHUKAMH [TOTEHITIH-
HOTO TIONUTY Ha PUHKY (haxoBOT OCBITH Ta MOTCHIIIHHOI POIO3UIIii PUHKY TIPAIIi.

Bupimutu npobnemy B3aeMoii pHHKY Mpalli Ta pUHKY (axoBUX OCBITHIX TOCITYT
HEMOXJIMBO O3 ypaxyBaHHS iHTEpeciB Oe3Mocepe/iHiX CIOKUBAUiB OCBITHIX MOCIYT,
SKI MaroTh CBOI IIUJTi, 3aBIaHHs, MOTHBaIil0 y BUOOpi mpodecii Ta chepu TpyaoBoi
JUsUTbHOCTI 3a (paxoM. 3akmaau (paxoBOi OCBITH, HAJAKOYH OCBITHI MOCIIYTH, TIOBUHHI
TaKOXX BPaxOBYyBaTH BUMOTH POOOTONABIIIB, CTaH CIpaB y cdepi 3aiHATOCTI Ta Ha peri-
OHAJILHUX pUHKaX mpaili. [{e 00rpyHTOBY€E HEOOXIAHICTh 3aCTOCYBaHHS MAPKETHHTOBUX
MEXaHi3MiB y BU3HAUCHHI XapaKTEPUCTHK OCBITHBOI MOCIYTH SIK MPOIYKTY OCBITHBOI
JUSUTBHOCTI.

Mapkemune-opicumosane YNpAaginHs HAOAHHAM OCEIMHIX NOCHye SIBISE COOOI0
YIPaBIiHCHKY MiSIBHICTh 3aKJaJy OCBITH, CKOHIICHTPOBaHY Ha BU3HAYCHHI MOTpPEO
Ta MPOMO3HUIIIT Ha PUHKY OCBITHIX IOCIYT, IO BiJPi3HSIOTHCS Bijl TOBApiB — aHAJIOTIB
KOHKYPEHTIB — a00 MaloTh BHHATKOBI NepeBarv HaJl KOHKypylounMHu ToBapamu [19].
MapkeTruHT-0pieHTOBaHE yNpaBIiHHS Mepeadadae 3aCTOCYBaHHS MApKETHHTOBOTO ITi/I-
XOJTy JIO YIPaBJIiHHS MPOIECOM HaJaHHSM OCBITHIX MOCIYT, CIPSMOBAHOTO HA BU3HA-
YEHHSI CIIOKUBYOTO 3aMUTY Ha MOCITYTH, TOOTO BiJINIOBI/II HA MTUTAHHSI: SIKOTO PiBHS, KO
SKOCTI, 32 SIKHH TEpMiH, SIKOT BAPTOCTI Ta B SIKMX YMOBaX CIIOXKHBa4 0a)kae OTpUMATH
OCBITHIO TIOCTYTY. Y pe3yJbTari MpOBEJCHHS MApKETHHTOBOTO JIOCIIKCHHSI PUHKY
mpaiii 3aknaau (axoBoi OCBITH MOBHMHHI (pikCyBaTd cjaOKi MicCIis, HEBIJIIOBIIHICTh
MOITUTY Ta TPOTIO3UIIIi HA PHHKY Ipalli Ta MOJETIOBATH CIIOXKHBYI MepeBari, Ha OCHOBI
SKHUX MOTPIOHO Oy/TyBaTH CBOIO aCOPTUMEHTHY MOJNITHKY, MAPKETUHIOBY JisITbHICTb.

Cucmema ¢hpaxoeoi oceimu Mae CTaTH CIOJIYYHOK JIAHKOKO MIDK JIBOMa HalBaX-
JMBINIMMH aTpuOyTaMH PHHKY Mpali — TOMUTOM Ta IMPOIMO3MIIEI0 pOoOOUOi CHIH, IO
rotrye (haxiBLiB ITiJi BUMOTH POOOTOMABIIB JUIs iX SIKHAWUIIBUIIIONO Ta €(EKTUBHOIO
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MpareBIalITyBaHHS, BIITOBITHO TAKOX JI0 IXHIX BHYTPIIIHIX MParHeHb Ta IHTEPECiB Cyc-
MTbCTBA.

Ocnosna yinb gaxosoi ocgimu — MiAroToBKa KBanidikoBaHOTO npodecionana Bij-
MOBITHOTO PiBHA Ta TMPODII0, KOHKYPEHTOCHPOMOXXHOTO Ha PUHKY Ipalli, KOMIIe-
TEHTHOT0, BIJIMOBIIAaJbHOIO, BUILHO BOJIOJIIOYOTO CBOEK Ipodeciero Ta 00i3HAHOTO
Yy CYMDKHHUX Taly3siX JISUTBHOCTI, 3/1aTHOTO 70 €(PEKTUBHOI POOOTH 3a CIEIiabHICTIO
Ha piBHI CBITOBUX CTaHJApTiB, TOTOBOTO JI0 MOCTIHHOTO MpodeciiHOro 3pocTaHHs,
COLIAJILHOI Ta MPodeciitHoi MOOIITBHOCTI TOIIIO.

s ycnimHOro (yHKIIOHYBaHHS 3akiany (axoBoi OCBITM HEOOXIIHUH TOCTiii-
HUI PO3BUTOK MPOIO3UII] OCBITHIX MOCIYT, YI0CKOHAJICHHS IX 3MICTY Ta ONaHyBaHHS
HOBHX METOJIIB HAaBUaHHS. 3aB/ISKH [[bOMY PEalli3y€eThCsi OCHOBHA, COIIAJIbHO 3HAUYIIA
MeTa Oy/b-sIKOTO 3aKjiaay (haxoBOi OCBITH — JJOHECTH JIO CIIOKMBAUiB OCBITHIX MOCIYT
HAyKOBO-TE€XHIUHI 3HAHHSI Ta MIEPEIOBHUI JOCBI/I, AKi O CIPHUSUIN IHTEICKTYaIbHOMY PO3-
BUTKY Ta OCBITI 3100yBaviB.

JMcKyCiiHUM € TIMTaHHsSI CTOCOBHO XapaKTepy BiTHOCHH NPEICTAaBHHUKIB PUHKY
(axoBoi OCBITM Ta PHHKY Tpalli. PUHKOBI BiJIHOCHHU mependadaroTs 0OMiH I[IHHOC-
TAMH MK JBOMa Ta Oijbllie CTOPOHAMH, TOOTO 3IIHCHEHHS YIOJM MK Y4aCHUKAMHU
puHKY. 3akiaa GaxoBoi OCBITH € BUPOOHUKOM OCBITHIX TTOCIYT, 3 SIKKMH BiH BUXOJUTh
Ha pUHOK (DaxoBOT OCBITU. 3 PUHKOM TIpalli BiH ITOB’sI3aHUI OMOCEPEAKOBAHO, 3aBISKH
pe3ysibraTaM CBOEI OCBITHBOI JiSUTBHOCTI, BTUICHUM Y 3HAHHSIX, YMIHHSIX Ta HABUYKAX
BUITYCKHHUKIB (puc. 3).

Eronomira
P N\ CnoxnBunii pHAOK
N
P “paxisers - \ IIpedykm - Mesapu ma NOCIyzU
pobitamk N
i 5
| : PaHoK mpani
| BEOY CKHBK - 1T _ - .
I OpeTeHqeHT I Paaym sax e
|
! I
I
I p I PHHOK (paX0BHX OCBIiTHIX DOCAYT
3mobysas |
| oceitH I Hpodyrm - ghaxoei oceimui nocayzu
' 1
oo
abirypiear |
1 | Cyenitscmeo

Puc. 3. Dopmysanis npodyxmie cymisocHux punkie
Loicepeno: enacna po3pobra agmopie

3axumaz (paxoBoi OCBITH HE MPOMOHYE PUHKY Tpaili (axiBIiB — BUITYCKHUKH CaMo-
CTIITHO TTPOMOHYIOTH CBOIO po0OYy CHITy Ha PUHKY Mpalli MiIpUeEMCTBAM Ta opraHi3a-
IIisIM, a Ti OIIHIOIOTH KBaTiiKaIiio i€l poO0v0i CHIIN Y BUIVISAII CTApPTOBUX 3apIuiaT
Ta IHIIUX YMOB HaiiMy. 3axian (paxoBOi OCBITH B PE3yJBTaTI ITi€l yTOau HE OTPUMYE
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NPSIMUX MaTepiajibHUX BUTOI. BiH O4iKye OTpUMaTH BIAI'YK BiJl CBOEI IIJIbOBOI ayiu-
TOpi1 y BUINISII TOKpAIEHHS IMiJKY Ta I THECEHHS TIPECTHXKY 3aKialy OCBITH, 301Tb-
HICHHS KUTLKOCTI a0iTypi€HTIB 3a paxyHOK 3pOCTaHHS MOMUTY Ha OCBITHI TIOCIIYTH, IO
Ha/IAI0ThCS 3aKJ1aJI0M, 3MIIHEHHSI CBOT'O KOHKYPEHTHOTO CTaHOBHIIIA.

3aknan GaxoBoi OCBITH 3alliKaBICHHH B TOMY, I00 HOTO OCBITHI IOCIYTH SKOMOTa
MOBHIIIIE BiMOBIIANKM BUMOTaM PUHKY IIpalli, a BUITYCKHUKH SIKHAHTIOBHIIIIE 3aCBOIO-
BaJM nporpamy. Tomy BiH 3aIliKaBlIeHHI Y BUBYCHHI I[LIbOBOTO PUHKY TIpalli, OCKIJIbKH,
Mo-Tepiie, PUHOK Mpalll BU3HAYa€ OCHOBHI CTaHIAPTH SKOCTI (DaxoBoi OCBITH 1,
MO-/IpyTe, MEePCIEeKTHBA MPAIIEBIANITYBaHHS MOJIOAUX (axiBIiB € BAKIIMBUM MOTHBOM
BUOOpPY 3aKialy MOTEHIIIHHIMH a0iTypieHTaMu.

Ipaxmuuni pexomenoayii w000 8NPOBAONCEHHA MAPKEMUHLOBUX IHCIMPYMEHMIE

Ha ocHOBI poBEICHOTO JTOCII/KSHHS TPOTIOHY€EMO KOHKPETHI MMPAKTUYHI PEKOMEH-
JIAIil 1010 BIIPOBA/PKEHHS MaPKETHHIOBOTO ITiIXOy B YIPaBIiHHS HaJaHHAM (haxo-
BUX OCBITHIX ITOCJIYT:

PozpoOka Ta BrpoBapKeHHS MapKeTHHIOBOT 1H(QOPMAIIIHOT cucTeMU 3akinany (daxo-
BOi OCBITH, II0 BKITFOYaTHME: CHCTEMAaTHYHUI MOHITOPUHT PHHKY Ipalli Ta BUMOT po0o-
TOZABIIIB; BIJICTC)KEHHSI TCHCHIIIN y PO3BUTKY Tajy3edl €KOHOMIKU; aHajli3 KOHKYpPEHT-
HOTO CepeJIOBUIIA; JOCIIIKEHHS TIOTPEO Ta OYIKYBaHb CIIOKMUBAYIB OCBITHIX TTOCIYT.

®dopmyBanHs nopTdenst OCBITHIX TOCIYT Ha OCHOBI PE3yJbTaTiB MapKETHHIOBUX
JIOCITI/DKEHB: PETYJISIPHUN NEperisi Ta OHOBJICHHS OCBITHIX MPOrpaM BiJIMOBIJIHO 10
BUMOT PHHKY TIpalli; po3po0Ka HOBUX OCBITHIX POJYKTIB 3 ypaxyBaHHSIM IEPCIICKTHB-
HUX TIOTpeO €KOHOMIKH; BIPOBA/PKEHHS THYYKHX MOIYJILHUX TPOTpaM, IO JA03BOJIS-
I0Th IIBHUJIKO aJIaIITyBaTHCS IO 3MiH 30BHIIIHLOTO CEPEIOBUIIIA.

BuxopucranHsi cydacHuX IU(POBUX TEXHOJOTIH Yy MapKeTHHIOBIH JISITBHOCTI: PO3BH-
TOK OHJIAMH-TIPUCYTHOCTI 3aKJ1a/Ty (haxoBOi OCBITH Yepe3 CaiT Ta CoLlialibHI MEpPEXi; BIIpOBa-
TokeHHs1 CRM-crcteM st yNpaBITiHHS BITHOCHHAMHU 3 KJTFOUOBHMH CTECHKXOJI/IEpaMH; BUKO-
PHICTaHHS aHAITUYHUX IHCTPYMEHTIB JUTsI OIIHKK €)EKTHBHOCTI MApKETUHTOBHX 3aXO]IiB.

HanaromkeHHs! cTpaTeriqyHoro mapTHEPCTBa i3 POOOTOMABISIMU: CTBOPEHHSI CIiJIb-
HUX OCBITHIX TPOEKTIB Ta MPOrpaM JIyalbHOI OCBITH; 3aJIydCHHS MPEICTABHUKIB 013-
HECY JI0 pO3pOOKH Ta OIIHKU OCBITHIX ITPOTPaM; OpraHi3ailis CTa)KyBaHb Ta MPAKTHK Ha
0a3i mianprueEMCTB-TIAPTHEPIB.

Po3BHUTOK cHcTeMH MapKETHHIOBUX KOMYHIKaIlii: (opMyBaHHS Ta MPOCYBaHHS
Openny 3aknany (HaxoBoi OCBITH; IPOBEJCHHS perysipHix PR-3axo/iB (JHI BiqKpUTHX
JIBepeil, OCBITHI BUCTaBKH, KOH(EPEHIIi1); BUKOPUCTAHHS TapreTOBaHOI PEKJIAMH JUIS
3aJy4eHHs HITbOBUX ayITUTOPIH.

3anpornoHoBaHi peKOMEHAIT JTO3BOJISATH 3aKiagaM (axoBoi OCBITH €(PEKTHBHO
BITPOBA/PKYBaTH MapKETUHTOBHM MIAXIJ] 10 YIPABIIHHS OCBITHBOIO JISUTBHICTIO Ta ITiJI-
BUIIYBATH CBOIO KOHKYPEHTOCIIPOMOXKHICTh HA PUHKY OCBITHIX TOCIIYT.

BucnoBku. PUHOK OCBiTHIX TOCIyT SBIIsSIE COOOI0 CHCTEMY €KOHOMIYHHX BiJHO-
CHUH MIX Cy0’€KTaMH OCBITHBOTO MPOIIECY IIOAO KYIIBII-IPOAAXKY OCBITHIX IOCIYT.
J1o KITIOUOBHX XapaKTEPUCTUK CyYacCHOTO PHHKY OCBITHIX IMOCIYT HAJIe)KaTh: BUCOKHUI
PiBEHb HEBH3HAUYEHOCTI Y MTPOTHO3YBaHHI ITOTIUTY, HEENIACTUYHICTh MTPOTIO3HUIIi1, iIHANBI-
Jlyaji3allisi TOMUTY, BiJICYyTHICTh YaCOBUX OOMEKEHb Y CIIOKMBAHHI Ta ACUMETPUYHICTh
iHpOpMaIii, 0 3yMOBIIOE€ HEOOXIJIHICTh MapKETHHIOBOTO MiJXOMY JIO YIPaBIiHHS
OCBITHBOIO IISIIBHICTIO.
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OcHOBHHMH Cy0’€KTaMH PUHKY (PaXOBHUX OCBITHIX MOCIYT €: BUPOOHUKH (3aKJIaaH
(daxoBoi ocBiTH), crokuBa4i (3100yBadi OCBITH Ta oOprasizaimii, mo 31iHCHIOIOTH
OIIJIaTy), MOoCcepeTHUKH (CITyKOU 3aiHATOCTI, acomialii, OCBITHI IEHTPH), & TAKOXK JAep-
kaBa Ta 11 opranu ynpasiinss. Koxxen cy0’ ekt Bukonye crnienudiuni GyHkIii y 3ade3me-
YeHH1 e(heKTHBHOTO (PYHKIIIOHYBaHHSI PUHKY ()aXOBHUX OCBITHIX IOCIYT Ta MiIrOTOBII
KkBaJiQikoBaHuX (HaxiBIIiB.

PuHOK (haxoBUX OCBITHIX MOCIYT TiCHO B3a€MOIIOB’SI3aHUH 31 CIIO)KUBUUM PUHKOM
Ta PUHKOM Tipaii. 3 oIHOTO OOKY, ()aXxoBi OCBITHI MOCIYTH € CEKTOPOM CIIOYKHBYOTO
PHHKY, 3 iHIIOTO — (GOPMYIOTh pecypcHy 0a3y sl puHKy npaii. JlucOananc Mix momu-
TOM Ta TPOTIO3UIIEI0 HA PHHKY TIpalli BAHUKAE Yepe3 HeJJOCTATHLO ONepaTUBHY peak-
1iF0 cUcTeMH (axoBOT OCBITH Ha 3MIHHM B €KOHOMIIII, 110 MiIKPECITIOE BAXKIUBICTh Haja-
ro/KeHHsI €(DEKTUBHOT B3a€MOJIIT MIXK IIUMH PHHKAMH.

[TpoBeaeHe MOCHTIPKEHHS T03BOIMIIO OOIPYHTYBATH METOZOJIOTTYHI 3aca i BUBUCHHS
PHHKY (haxOBHX OCBITHIX MOCIIYT, 110 BKIFOYAIOTh KOMIUICKCHE BUKOPUCTaHHSI CHCTEMHOTO,
KOMITapaTUBHOTO Ta CTPYKTYPHO-(DYHKIIOHATILHOTO aHasti3y. Ha 0CHOBI eMmipuIHUX JaHUX
BUSIBIICHO OCHOBHI TEHJICHITIT PO3BUTKY PUHKY (haxOBUX OCBITHIX MOCIYT B YMOBaX U(pPO-
BOi TpaHc(opMallii OCBITH Ta po3poOJIeHO TPAKTHYHI peKOMEH IAIiT MO/I0 BIPOBAIKSHHS
MapKETUHTOBHX IHCTPYMEHTIB B YIIPaBJIiHHS HAIAaHHIM (PaXOBHX OCBITHIX MOCITYT.

MapkeTHHTOBHI TiAXiA J0 YNpaBIiHHS HaJaHHSM (AaxoBHX OCBITHIX MOCTYT
€ BXJIUBUM IHCTPYMEHTOM Mi/IBUIIICHHS KOHKYPEHTOCTIPOMOXHOCTI 3aKIIa/IiB OCBITH
Ta 3a0e3MeueHHsI BIIMOBITHOCTI SIKOCTI MiAroTOBKH (paxiBIiB BUMOTaM PUHKY Mpalii.
BripoBaikeHHSI MApKETHHTOBOTO TIJIXOY JIO3BOJISIE 3aKiajgaM (axoBOi OCBITH CBOE-
YacHO pearyBaT Ha 3MiHH Y 30BHIIIIHBOMY CEpPE/IOBHIIl, BPAXOBYBATH MOTPEOH CITOKH-
BauiB Ta BJIOCKOHAJIIOBATH OCBITHI IPOTPaMH, 1110 CIIPHSIE TIOAOIAHHIO AUCOATaHCy MiXkK
MIOTIMTOM 1 TIPOTIO3HIIIEI0 HA PUHKY ITPAIIi.
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BIIJINB ITPABMUJI IMO 2023 POKY CTOCOBHO CUCTEMMU TOPTIBJII
BUKHUJIAMHA €EBPONEHCBHKOIO COI0O3Y (EU ETS) HA YYACHUKIB
PUHKY MOPCBKHUX CYXOBAHTAXKHUX ITIEPEBE3EHD
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Anomauisn

Bemyn. YV yiti cmammi oocnioscyemscs enaug npasun IMO 2023 poky cmocosHo
cucmemu mopeieni sukuoamu €eponeticokoeo Cow3sy (EU ETS) na mopcwki cyxosan-
MAdNCHI nepeee3eHHst 3 0CcoOnUsUM axyenmom Ha npaxmuyi ¢paxmysanns. EU ETS,
sanposaoddicena 1 ciuns 2024 poky, mae Ha memi CKOpoOUeHHS BUKUDIE BYaleyio UWLIAXOM
iHmezpayii MOpCbKO20 MpAHCNOpmy y c80i0 Hopmamueny oazy. Mema. Jlocriodcenns
susuac 6e3nocepeori i 00820CMPOKOGI BUKIUKU, 3 AKUMU CIMUKAIOMbCSA KOMAAHITL, WO
3aUMarOMbCs MOPCLKUM NEPEeBE3CHHAM HACUNHUX 6AHMAICIB, D0AAI0YU CKAAOHT cumy-
ayii 8ionosionocmi yiu cxemi. J{oCAiOdNceHHs: CNpUse eTUOUOMY POZYMIHHIO GNIUBY CXe-
MU HG MOPCbKULL MPAHCNOPM Md NPONOHYE NPAKMUYHI peKomeHoayii 0nia 3ayikasie-
HUX CMOPIH 2any3i W00 800CKOHAEHHS 8I0NOBIOHOCMI Ma eheKmusHOCmi pobomu.
Pesynomamu. Ilpoananizosari KOHKpemHui pe2yisimopHi 3MinU, AKI OYIU 6HeCeHi OHOB-
nennamu IMO 2023 wooo cxopouenns suxudie GHG, ixni giominnocmi 6i0 nonepeomix
HopmamusHux akmis; 3’sacosana ponv EEXI ma CII 6 xonmekcmi cKOpOYeHHs GUKU-
0ie GHG, oyineno oyiky8ami eKkoHOMiuHi HACIIOKU OHOBLEHUX NPasuUl OJisl 6IACHUKIB §
Onepamopis Cyxux 8aHmaxcie, 30Kpemad, 3 mouku 30py WO0OeHHUX onepayitl, eumpam i
npUOYMKOBOCMI MA BUHAYEHO PIBeHb BNIUBY HOBUX NPABUI HA KOHKYPEHMOCNPOMON4C-
HICMb [ PUHKOBE NO3UUIOHYBAHHS CYOHOBUX OPOKEPCHbKUX KOMNAHIU Y CeKmopi nepe-
BE€3€HHS CYXUX HABAIOYHUX BAHMAICIE, BPAXOBYIOUU IX 63AEMOOII0 3 BILACHUKAMU MA
onepamopamu cyxux eanmasicie. Bucnoexku. Oxapaxmepuzo6ano ocHo6HI 3ayiKkagieni
CMOPOHU Y BUPIUEHH] QOCTIOHUYLKO20 NUIMAHHS, PI6EHb IXHIX THMepecié ma GNiusy Ha
¢yuxyionyeanusn ETS. Bnposaodoicenns EU ETS 3nauno eniugae na punox MOpcbKux
CYXOBAHMANCHUX Nepede3etsb | (hpaxmysanHs y (iHancosux, onepayitHux i cmpame-
2iynux acnexmax. Y ¢inancosomy niani sumpamu Ha npuoodanns keom €C (EUA) ma
épaxysanns eumpam na euxuou CO, y paxmosux cmaekax HAKIAOAOMb 3HAYHUL
mseap Ha CYOHONIABH] KOMNAHIL, WO NPU3800UmMsb 00 NIOSUWEHHS (PPAXMOBUX CIABOK
ma excnyamayiiHux eumpam.

Knrouoei cnosa: Cxema Topeisni Buxudamu €eponeticoxoco Coro3y, Inoexc Enepeo-
epexmusnocmi Icnyrouux Cyoen, Inoukamop Inmencusnocmi Buxudisé Byaneyio.
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Summary

Introduction. This article examines the effect of the European Union Emissions
Trading Scheme (EU ETS) under IMO rules 2023 on dry bulk maritime transport, with
a particular focus on chartering practices. The EU ETS, which is entered into force on
1 January 2024, aims to reduce carbon emissions by integrating maritime transport
into its regulatory framework. Objective. The study examines the immediate and
long-term challenges faced by bulk maritime transport companies in overcoming the
complexities of compliance with the scheme. It contributes to a deeper understanding of
the impact of the scheme on maritime transport and offers practical recommendations
for industry stakeholders to improve compliance and operational efficiency.
Results. The specific regulatory changes introduced by the IMO 2023 updates on GHG
emission reductions are analyzed and how they differ from previous regulations; the role
of EEXI and CII in the context of GHG emission reductions is clarified; the expected
economic consequences of the updated rules for dry cargo owners and operators are
assessed, in particular in terms of daily operations, costs and profitability, and the level
of impact of the new rules on the competitiveness and market positioning of shipbroking
companies in the dry bulk sector, taking into account their interaction with dry cargo
owners and operators, is determined. Conclusions. The main stakeholders in addressing
the research question, the level of their interests and their impact on the functioning
of the ETS are characterized. The implementation of the EU ETS significantly affects
the dry cargo maritime transport and chartering market in financial, operational and
strategic aspects. In financial terms, the costs of purchasing EU allowances (EUA) and
incorporating CO, emissions costs into freight rates impose a significant burden on
shipping companies, leading to increased freight rates and operating costs.

Key words: European Union Emissions Trading Scheme, Energy Efficiency Index for
Existing Ships, Carbon Intensity Indicator.

Beryn. Mopcbka raimy3s repeOyBae Ha TIOpo3i 3HAUHUX 3MiH Y 3B’S13Ky 3 HOBUMH ITIpa-

BHJIAMH, 3alpoBaHKEHUMU MiKHApOIHOIO MOpchkoro opranizamiero (IMO). V mumHi
2023 poxy IMO ompmttoga#AIa OHOBJICHI CTPATETIi Ta IIiJIi, 0 03HAMEHYBAJIO CEPHO3HI
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3MIHH y CKOpOYEHHI BHKHAIB apHUKoBHX Ta3iB (Greenhouse Gas, GHG) y Mopchkomy
cexropi. L{i HOBI IMPEKTHBYU CHIPSIMOBaHI Ha KOMITICKCHI 1JIi CKOPOUYCHHS BUKHUJIIB TIap-
HHUKOBHX I'a3iB, Ha BiIMiHY BiJ| IIONIEPEIHBOTO (POKYCY BUKIIFOYHO HA IHTEHCHBHOCTI BUKH-
niB Byrekuciioro rasy (CO,). Onnak BOHM BCE 1€ MiIKPECITIOIOTH BAKIUBICTh iICHYIO-
YHMX IHCTPYMEHTIB, TakuX siKk [Haekc eHeproedexTuBHOCTI icHyrounx cyneH (Efficiency
Existing Ship Index, EEXI) Ta Inmukarop inreHcuBHOCTI BUKHIIB Byrieio (Carbon
Intensity Indicator, CII) 11 HOCTIHHOTO BIOCKOHAJICHHS CKOPOYEHHSI BUKUIB [ 1; 2].

L1i 3MiHU € cTpaTeriyHUMH, OCKUTbKA KOMITET i3 3aXHCTy MOPCHKOTO Cepe0BHUIIA
(Maritime Environment Protection Committee, MEPC 80) IMO 3akiHuMB peTesbHY
OIIIHKY BIUTMBY, KOTpa Maja Ha METi MpoaHalli3yBaTH EKOHOMiYHI HACIiJKH cepel-
HBOCTPOKOBUX TOJIITHYHHUX 3axoliB. OTpUMaHi pe3yibTaTd 3aKIaJaloTh OCHOBY JUIS
MaiOyTHHOTO BIPOBA/KCHHST HOPMATHUBHHUX JOKYMEHTIB, BKJIIOYAIOYH TMPHUHSATTS
[ILOBOTO CTaHJAPTY CYJAHOBOTO TMAJIMBA, KUK JTUKTYE MOETAITHE CKOPOYEHHS HOro
BUKOPHCTAHHS Ta MEXaHi3M IIHOyTBOPEHHS Ha Byryenb. L{i 3axoqu miaHyeTbest BIIPo-
BasiuTH y 2025 pori Ta 3acrocoByBaru 3 2027 poKy, TOTPUMYIOYHCh aMOITHUX TEPMiHIB,
BcraHoBieHux IMO [3-5].

B ocnosi nepenisinytoi Crparerii IMO miono BukuiB napHUKoBHX raziB 2023 poky
JISKUTH TBEPJIEC 3000B’A3aHHS JOCATTH CYTTEBOTO CKOPOUCHHS TAKUX BUKHIIB BiJl MIK-
HApOIHOTO cynaHoIuiaBcTBa. CTpareris nependadae YSCHUM 1 CIpaBeTIUBUI TIEpEXif,
BCTAHOBJIIOIOYM OPIEHTHPH ISl IPOMHUCIIOBOCTI, CIPSMOBAHI HAa CKOPOUCHHS BUKHUJIIB
napaukoBux rasiB Ha 30 % m0 2030 poky 3 eckanaiji€ro 10 ckopoudeHHst Ha 80 % 10
2040 poky, 3 KIHIIEBOIO METOO JIOCATHEHHS YUCTHX HYJIbOBUX BUKHUJIIB SKOMOTa OJINKUE
10 2050 poxky. [TouarkoBa cTparerist BAKW/IiB TAPHUKOBUX Ta3iB, BuknaaeHa y 2018 porii,
Majia Ha METi CKOPOTHUTH CEPE/IHIO IHTCHCUBHICTh BHKHJIIB BYIJICIIO B Tajly3l MiXKHa-
pomHoro cyaHoraBcTea moHaiMenme Ha 40 % mo 2030 poky MOPIBHSHO 3 PiBHSAMH
2008 poky. BiamosigHo o 1miei Mmetu 1 ciuns 2023 poky Oyiio BBEJCHO B JIit0 MTpaBHiia
EEXI ta CII, cipsMoBaHi Ha BU3HA4YEHHsI, KUTbKICHY OILIIHKY Ta 3MEHIICHHS IHTCHCHUB-
nocti BukuaiB CO, icHyrounx cyzen [1; 2].

HesBakatoun Ha 30UIbIIEHHS TI00ATBHOT MOPCHKOI TOPTiBIi Yy BUMipi TOHHO-MHUJIb
Maibke Ha 40 % 3 2008 poKy, BUKH/IU BiJl MIX>XHAPOIHOTO CYIHOILIABCTRA, SIKI JIOCSTIIN
niky B 1 minmbsipa ToH y 2008 poti, ckopoTuiucst TpuodnusHo 1o 850 MinbioOHIB TOH
y 2022 poui. He3Baxkarouu Ha mporpec y mokpamieHHi ByIJIeleBOi iIHTEHCUBHOCTI CY/I-
HomJaBcTBa, BrpoBakeHHs npasui EEXI ta CII o3nauae epy, sika BUMarae 3HaYHUX
MOKpalleHb eHEProe()eKTUBHOCTI MOPCHKUX TPAHCIOPTHUX CYJIEH, 10 IepeOyBaroTh
B excrutyarari [1; 2].

IMocranoBka mpo6iaemu. HemonaBHi HOpMaruBHI 3MiHH, 3ampoBakeni IMO,
CIPUYMHIIIN 3HAYHI TOTPSICIHHS Y MOPCBKIH Traiy3i, 0COOIMBO B CEKTOpi CyXOBaH-
Ta)XHUX TepeBe3eHb. CynHoBi Opokepebki pipmu, Hanpukian Genconis LLC ta inmi,
OIMHSIOTHCS B CTaHI OUiKyBaHHS Ta 3aHETIOKOEHHS, PO3MIPKOBYIOUYH NIPO HACIIAKH ITUX
3MiH JUIsl IXHBOT MOBCSKIEHHOT JiSUTHOCTI Ta IIUPIIC — PUHKY CYyXWX HACHUITHHUX BaH-
TaxiB. 3 mosBo0 oHoBIeHb IMO 2023, cnpsimoBaHux Ha ckopoueHHs Bukuaie GHG,
MoOpchKui JaHmamadT 3a3Hae riuOokoi pedopmarii. Genconis LLC dgiTko po3ymie
HEOOXITHICTh 3aBYaCHOTO YCBIJJOMJICHHS Ta MiJATOTOBKH JI0 HEBIIBOPOTHUX 3MiH. be3-
Npele/ICHTHUI XapakTep 1 MOTCHIIHHWN BIUIMB WX MPAaBHJ Ha TOBCSKACHHY MisUThb-
HICTh 1 PUHOK CyXHX BaHTaXIB CIIOHYKaJIM KOMITaHIIO0 PO3M0YATH 1e A0 CIKSHHS JIJIs
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3100y TTS BIJMIOBITHUX 3HAHb Ta CTPATETIUYHOTO Mepen0adeHHs, 00 YMIJIO OpPiEHTYBa-
THCS B MOBax, [0 3MIHIOIOTHCS.

3anposamkenns 3MiH IMO 2023 poky, cipsiMOBaHUX Ha CKOPOYCHHSI BUKUIB Tap-
HUKOBHUX Ta3iB, BUKIUKAJIO Mi/JIBUIICHE OYIKYBaHHs Ta 3aHENOKOEHHs cepen Genconis
LLC Ta inmmx Opokepcbkux KommaHii. [{i MaiiOyTHI 3MiHM B paBWIIaX CBiT4aTh PO
3HauHy TpaHchopmarlito B MOPCHKiil Taiy3i, o 3MYIIye CYHOBUX OpPOKEpiB MaTH CBOE
OadeHHsI IEPCIEKTHUB Ta MIPOBOANTH 3aBYACHY Mi/ITOTOBKY.

AHaJi3 ocTaHHixX 1ocaifzkens i myouaikaniii. Bre po6oTH MOPCHKUX TPaHCIIOPT-
HUX CY/ICH Ha HABKOJIUIITHE CEPEOBUIIE YePe3 BUKH/IH IITKIJTUBIUX PEUOBHH 3aBXKU OYB
y ¢GoKyci 0arathb0X HAyKOBUX JOCII/DKEHb. [1omyk e()eKTUBHUX METOJIB BUPIIICHHS
poOIeMH B CHCTEMI MEHE/KMEHTY CY/IHOIIJIABCTBA y TIOTICPE/IHI YacH MpeJICTaBICHUH,
HanpuKiaa, y podorax [6—8]. ABTOpH BU3HAYAIOTh CYKYITHICTh (DAKTOPIB, 10 3yMOBITO-
I0Th NIPOIIEC parioHai3alii BUKOPUCTaHHS MAJIMBa MOPCHKHMH CYTHAMH, T TOAUISIOTH
X Ha KOHCTPYKTHBHIi, TEXHOJIOT1YHI Ta OpraHi3aliifHo-eKOHOMI4Hi, TPUIOMY OCHOBOIO
palioHaTbHOTO BUKOPHUCTAHHS TAJIMBHO-CHEPTETHYHUX PECYPCIiB BUZHAIOTH PO3POOKY
Ta BIPOBA/KCHHSI CHEPro30epiralounx Ta MpupoI00XOPOHHNX TEXHOJIOTIH 1 BIOCKOHA-
JICHHSI YIIPaBIIiHHS BUKOPUCTAHHSM Nanusa [§].

dopmynoBaHHs 1ijieii crarTi. CTarTsi Mae Ha METI JIOCIIAMTH BIUIUB HEI[OAaBHIX
HOPMAaTHBHHUX aKTiB Ha YYaCHHWKIB PHHKY MOPCHKUX TPAHCIIOPTHUX IIEPEBE3CHb Ta Te,
SIK 111 3MiHH 3T0JIOM BIUTMHYTH Ha OpOKEpChKi KOMIIaHii, 1110 MPaIoTh Y CyXOBaHTaX-
HOMY CETMEHTI.

OcHOBHE 3aB/IaHHSI — JIOCHITUTH, SIK OTIOCEPEIKOBAHO BIUTMHE BIIPOBAPKEHHSI OHOB-
neanx IMO 2023 poky mono ckopouernst BukuaiB GHG Ha JisuibHICTE CyJTHOBUX OpO-
KEPChKUX KOMIIaHi# uepe3 IXHi BIJHOCHHH 3 BIIACHUKAMH Ta OIIEPaTOPaMK CyXOBaHTaX-
HUX CY/ICH.

BupimeHHs: mocTaBIEHOTO 3aBlaHHS MOTpeOye 30Cepe/KeHHS] yBaru Ha TaKhX
MTUTaHHSX -

1. SIki KOHKpETHI peryJIATOpHi 3MiHK Oyii BHeceHi oHoBieHHs MU IMO 2023 11010 cko-
pouenns BukuiB GHG, 1 unM BOHHM BifIpi3HSIOTHCS Bijl TIONEPE/IHIX HOPMATHBHHUX aKTiB?

2. SIky ponsb Bigirpatots EEXI ta CII y konTeketi ckopouenHs BukuniB GHG?

3. SIki odikyBaHi €KOHOMIYHI HACIIJKK OHOBJICHUX MPABUJI JUIsl BIACHUKIB 1 omniepa-
TOPIB CyXMX BaHTaXiB, 30KpeMa, 3 TOUKH 30py IIOJCHHUX OIepalliif, BUTpar i mpuoyT-
KOBOCTi?

4. SIKk NpUHHATTS HOBUX IMPAaBHJ MOXE BIUIMHYTH Ha KOHKYPEHTOCIPOMOXKHICTb
1 PUHKOBE IMO3MIIIOHYBaHHS CYJTHOBHX OPOKEPCHKHUX KOMITaHIi y CEKTOpi MepeBe3eHHS
CYXHX HaBaJIOYHUX BAHTAXKIB, BPAXOBYIOUM TXHIO B3a€MOJIIIO 3 BIACHUKAMHU Ta OIepa-
TOpPaMHU CyXUX BaHTaXiB?

Kpim Toro, onocepeikoBaHU BILTMB WX MTPABUII HA CYAHOBI OPOKEPCHKI KOMITaHii,
SIK1 ITPAIIOIOTh 13 BIACHUKAMH Ta ONEPaTOpaMy CyXOBaHTKHUX CY/JICH, BUMarae OijibI
PETEIBHOrO BUBYCHHSI MIOTCHIIHHUX PU3UKIB, CTPATETiYHUX MIpKyBaHb 1 IopaJ], HeoO-
X1JIHUX JUIsl HaBiraijii B HOpMaTUBHOMY CEPEIOBHIIII, 1110 PO3BUBAETHCS.

BukJiiax ocHoBHOTO MatepiaJy. 3acHoBana B 2005 porii, EU ETS € nepiioro y cBiTi
MIXXKHAPOJIHOIO CHCTEMOIO TOPTiBJi BUKWAaMu. BoHa mpotinuia yotupu (as3u, KoKHA
3 SIKUX BIJIMIOBI/Ia€ BUKIIMKAM 1 CIIpHUsie pO3LIMPEHHIO 1i cepu BBy, YeTBepra ¢asa,
sika po3nodanacs y 2021 poti, € 0coONMBOIO Ta 3aCIyroBy€e Ha yBary, OCKUIbKH BOHA
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IHTETpy€e CYJHOIUIAaBCTBO B HOPMATHBHY 0a3zy, y3rojukyrouu ii 3 amOimismu EU 1mono
KiiMatrnaHuX 1itei 1o 2030 poky [1].

MopcheKkuil TpaHCIOPT € 3HAYHUM JDKEPEIIOM BHKHJIIB TAPHUKOBHX Ta3iB, IO CTa-
HOBHTB NpuOIM3HO 3—4 % 3aranbuux Bukuais CO, B €C y 2021 poui. ¥V Bcbomy CBiTi
BUKHJIU BiJ CYJHOIUTABCTBA CTaHOBUIM 2,9 % anTponoreHHux BukuaiB y 2018 porii,
nocsaruysin 1076 minsionis Ton CO,,. [Tpornosyetses, mo g0 2050 poky us uugppa
3pocte Ha 130 % Bix piBast 2008 poKy, CTBOPIOIOUHN 3HAYHY 3arpo3y s mijei [Tapu3s-
Kol KJIiMaTu4HOi yroau [2].

o6 BupimwuTy 10 npodaemy, IMO 3pobuina BakiuBUi Kpok y numHi 2023 poky,
3000B’513aBIIUCH JOCATTH HOBHX IIIJICH CKOPOUCHHS BUKH]IIB TTAPHUKOBUX Ta3iB i Iia-
HYIOUM BXKUTH BiAMOBIMHUX 3axoiB g0 2025 poky. OnHovyacHo €Bpomnelickkuii Coro3
PO3IIMPHUB CBOKO CHUCTEMY TOPTIBJI BHUKHIAMH, BKJIFOYMBIIN B HEl BUKUIU CO, Bijg
CYJICH, 110 3aXO/IATh y €BpOIeichKi moptH [1; 2].

PeTenbHy OLIIHKY BIUIMBY BHUKHJIIB Ta PO3pOOKY CTpaTerii MIo0 MPOTHIIT MOKIa-
neHo Ha KomiteT i3 3axucty Mmopcbkoro cepenosuiina IMO (MEPC 80). 3rigao 3 MEPC
80 (2023), HOBI TpaBWJIa BIUIMHYTh Ha CYXOBaHTa)KHI Cy/JHA 4Yepe3 CXEMy TOPTiBIi
Bukuaamu (ETS) i inaukarop inTencuBHocTi Byrero (CII). Lli nmpaBuiia oXorirom0Th
TPH 3aIpPOIIOHOBAHI CTATTi, CHEMiadbHO PO3POOIICHI I peHCOBUX YapTepiB Ta TalM-
yaprepiB moao ETS ta CII, Ta npusHaveHi Ui pery;IroBaHHS 3aX0/iB BiJIIOBITHOCTI.
[Mynkr ETS okpecnioe yrogy MiK BIacHUKaMH Ta (HpaxTyBajbHUKAMH, 30CEPEIKY-
IOYKCh Ha JI03BOJIaX HA BUKHUJIM 3TiHO 31 CXeMOI BUKHUJIB. BiH BKJIOUAE MPOTOKOIU
CHIBIpalli, MOHITOPUHTY Ta 3BITyBaHHS MPO BUKWUIM NMapHUKOBHX Ia3iB, MPOLEAYypH
nepe/adi JI03B0JIIB HAa BUKU/IM Ta MOJOXKCHHS 00 KOMIICHCAIIIT TO3BOJIIB MPOTIIrOM
NepiofiiB, KON Cy[JHA «BHUIAIAI0Th» 3 TaliM-uapTepy (off-hire) [9-13].

3 inmoro 6oky, myHkT CII BU3Hae 3000B’s3aHHS Cy/lHA JOTPUMYBATHCS IPABUI
MixHapoHOi KOHBEHIIIi Mpo 3amoliranHs 3a0pyaHeHHIO 13 cyneH MARPOL om0
IHTEHCHBHOCTI BUKHUJIB ByIJIeI0 mounHatoud 3 1 ciuns 2023 poky. Bin cnpsMoBye
CHIBMpAI0 MK BIACHUKaMH Ta (HpaxTyBajJbHUKAMH JJISi MOHITOPHHTY ITiJIBHICHHS
eHeproeekTUBHOCTI, 3000B’sI13y€ BIIACHHUKIB HajJaBaTH (ppaxTyBallbHHKaM 3HAYCHHS
CII cynHa 3a morepeiHii pik Ta JeTaji CIIOKUBaHHS MaJINBa, OKPECIIIOE 30008 I3aHHS
010 BIAMOBITHOCTI JJisi 000X CTOPIH Ta mepeadadae 0OrOBOPEHHS CTpaTerid Bimo-
BIJTHOCTI Y pa3i BHECECHHS HOPMATHBHHX TIOMPABOK MPOTATOM TepMiHy Jii yaprepy. Li
MOJIOKEHHST OKPECIIIOIOTh CIIBHY BiJTIOBIAIbHICTD, CIIBIPAIIO Ta MEXaHI3MHU BIJIIO-
BiiHOCTI Mixk BiacHukamu ta @paxryBaibHUKaMu. BoHU po3po0iieHi crieriaibHO JIst
3a0e3IeueHHSs BIIMOBIAHOCTI BAMOTaM 11010 BUKH/IIB TAPHUKOBUX Ta3iB i JOTPUMaHHS
CTaHJAPTIB EHEProeEKTUBHOCTI B CEKTOP1 CYXMX HABAIOYHHX IEPEBE3CHb.

OxapakTepu3yeMO OCHOBHI 3alliKaBJICHI CTOPOHH (PHC.) Y BHPIIICHHI JIOCIiIHAIb-
KOTO IMUTaHHs, PiBEHb iXHIX iIHTepeciB Ta BIUIMBY Ha (yHKIionyBaHHs ETS.

IMO nie sk TOO0ATBHUI PETYINIOIOUUI OpraH, KU BCTAHOBIIOE CTAHIAPTH Ta Tpa-
BUJIA JUTs1 MOPChKOT raiy3i. HeronasHi oHoBieHHs Ta crparerii IMO oo cKopodeHHs
BukuiiB GHG cyTTeBO BILIMBAOTH HA MalOYTHI HANPsIMU Ta MONITHKY Tamy3i. Komiter i3
3axucty Mopcbkoro cepeposuina (MEPC 80) IMO BinmnoBiaabHU#R 3a PO3IVIs] TUTAHb,
OB’ SI3aHKX 13 3alI00IraHHAM 3a0py/IHEHHIO 13 cyjieH 1 koHTposeM 3a HuM. MEPC 80 mpo-
BOJIUTH OIIHKY BIUTMBY Ta BiJIrpac KIFOYOBY posib Y (OPMYBaHHI HOPMATHBHHX aKTiB,
BIUIMBAIOUH HA BIJIMOBIHICTH BUMOTAM 3alliKaBJICHUX CTOPIH Ta TXHIO JISUTbHICTB.
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Toprisna BukMpgamm Esponeicbkoro Cotosy EU ETS

IHamkatop syrneuto Cll

<

Cxema Toprisni Bukugamm ETS

IMO (MEPC 80)

Tpynu 3axucry
HaBKO/IMLWHLOIO
cepeposuLa

CyAHOBNACHUKMN

MoOPpCbKi CyxoBaHTaHi
nepeBe3eHHs

CynHosi
6pokepun

Onepatopu

®paxTyBanbHUKK

Puc. Cmoponu, 3ayixaeneni é ¢hynxyionyeanni ETS

['pynu 3axucTy HaBKOJIMIIHBOTO CEPEOBHIIA Ta IPOMHCIOBOCTI — OpraHizaiii, o
BUCTYIAIOTh 3a CTally Ta EKOJIOTIYHO YHMCTY NPaKTHKYy B MOPCHKOMY cekTopi. Bonm
YBaKHO CTEKaTh 3a MOJIITHKOIO Ta YacTO BIUIMBAIOTH HA HEl, MparHydi 3a0e3neduTH
BIJIMOBI/THICTh HOPMAaTUBHUX aKTiB €KOJIOTIYHUM IILJISIM.

CynHOBIaCHUKH Ta ONEpPaTOpH BOJIOAIIOTH CyAaMH ab0 EKCIUIyaTyIOThb iX y Mop-
CbKOMY ceKTopi. OCKiIbKH Ha HUX 0e3M0cepeIHbO BIUTMBAIOTH HOPMAaTUBHI 3MiHH, BOHU
MparHyTh aIaNTyBaTH CBil (JIOT i AiSUTBHICTH 10 HOBHUX CTPATETiii CKOPOYECHHS BUKHUJIIB
GHG, 30kpema BIpoBaKeHHS TaKuX 3axoiB, sk iHaekc EEXI Ta CIIL.

CynHOBIaCHUKM MarOTh BHCOKHH iHTEpec 10 PO3yMiHHSA (piHAHCOBHUX HACHIJKIB
Ta omnepariiHuxX KopuryBanb, HeoOxigHoro st EU ETS gorpuManHs 3akoHOmaBCTBa,
a TaKOX MOTEHI[IHHUX 3MiH y MOJIEJISIX TOPTiBIi. BOHM BOIOIIOTH BUCOKOFO 3/1aTHICTIO
MIpUIMAaTH BaroMi pillieHHs B TUIAHYBaHHI MapIIpyTiB 1 poOOTi Cy/leH, CyTTEBO BILIH-
BAlOYM HA BUKJIMKH ITPOMMCIOBOCTI 10 HOPMAaTUBHUX 3MiH. Llel BIJIMB MOXOOUTH Bix
IXHBOTO KOHTPOJIIO HaJl BUTPATaMH CyJIHA Ta IXHBOIO 3AAaTHICTIO NPUIIMaTH CTpaTeriuHi
pitenns moao po6otu duoty. IxHiii iHTepec i BIIMB Ge3M0cepeIHbO OB SI3aHi 3 MPO-
OreMamH, 3ralaHUMHM paHille, TAKUMH SIK 3HAYH1 BUTPATH Ha BiANOBIIHICTH BUMOTaM,
CKJIQJIHICTh 3BITHOCTI PO BUKMJIM Ta HEOOXIMHICTh inTerpysatu Butpatu CO, y dpax-
ToBi foroBopu [14; 15]. CynHOBIACHUKY MOBUHHI OPIEHTYBATHCS B LIUX HOPMAaTHUBHUX
BHMOTaX, 30aJIaHCOBYIOUH OTepalliiiHy e(eKTUBHICTh i (pIHAHCOBY >KUTTE3IATHICTH,
poOJISTYU CBOIO POJIB KITFOYOBOKO B ananraitii ramysi 1o EU ETS.

Oneparopy cyJeH KepyloTb KOMEPLIHHUMH Ta EKCIUTyaTaliiHUMU acleKTaMH CyIHa,
BKJIIOYarouM (ppaxTyBaHHs, OOpOOKY BaHTaXy Ta 3a0€3MEUeHHs TOTPUMaHHS HOPMATHB-
HHUX BUMOT. BOHM MOXXYTb JIiSITH SIK TOCEPEAHUKN Ha PUHKY BAaHTAXHUX NIEPEBE3€Hb, (hpax-
TYIOYH Cy[HA JUIsl TIEPEBE3CHHS BaHTaXiB a00 HIyKatodd poOOTy IJIsl CyleH CBOTO (IoTYy.
Orneparopy Bi1atoTh MPIOPUTET ONTUMI3alii e(eKTUBHOCTI poOOTH CyAeH 1 MmiaTpuMIi
onepatuBHOI epeKTUBHOCTI B pamkax HopMatuBHOI 0a3u EU ETS. Bonu matots nomipHuit
BIUTMB Ha TIPOyKTUBHICTD CyJ/THA, PIlIIEHHSI III0/I0 TEXHIYHOTO 0OCITyTOBYBaHHS Ta CTparerii
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BIIMTOBIZIHOCTI, 1110 € KPUTUYHO BAXKJIMBUM Jj1s1 €)eKTUBHOCTI POOOTH Ta JIOTPUMAHHSI HOP-
MaTHBHUX BHMOT. OriepaTopy BiJirpatoTh KIFOYOBY POJb Y BIPOBAKECHHI MPAKTHYHUX
3aXOJIiB [O/I0 CKOPOUCHHS BUKHUJIIB 1 YIIPABJIIHHS BUTpaTaMU Ha BiJIIIOBITHICTb.

OpaxTyBaILHUKH Ta BAHTAKOBIACHUKH — CY0’ €KTH, SIKi OepyTh y4acTh y hpaxTyBaHHI
CyJIcH a00 BOJIOAIIOTH BAaHTAXKAMH, 110 TPAHCIIOPTYIOTHCS MOPCHKUMH Hutsixamu. Ha Hux
BIUTMBAIOTH 3MIHM B HOPMAaTUBHUX aKTaX i IMHAMIKA PHHKY, [0 TIO3HAYAETHCS HA CTpa-
Terii BUOOPY CyJIeH 1 TpaHCIIOPTYBaHHS BaHTaXIB. [TicIst TOCHIPKEHHS] pUHKY Ta CTPYK-
TYp CYJHOIUIABHUX KOMIIAHIA Ta BCHOTO BIJIMOBIIHOTO JI0 3alliKaBJICHUX CTOPIH OYyJI0
3’5ICOBaHO, 110 TPEeUIepH (TOProBi KOMIIaHIT —TOCEPETHUKN MIXK TIPOJABIIIMHU Ta TTOKYTI-
IIMHM BaHTaXiB) He MatoTh BifHomeHHs 10 EU ETS. [Ins 1150ro Ta CTOCOBHO JI0CTaBKU
MICIIS POy / KYIIBJIl BAHTaXKy Y HUX € 3alliKaBJIeHA CTOPOHA, SIKOIO 1 € DpaxTyBalib-
HUK, 110 MTPE/ICTABIISIE BAHTAXKOBIACHUKA Y (PPAXTOBHUX KOMITaHisX. PpaxTyBalbHUKH, SKi
MpEe/ICTaBIICH] B YapTep-napTisix 3 OOKy BJaCHUKA BaHTaXYy, MalOTh BEJIMKUHN IHTEPEC JI0
EU ETS uepe3 ii npsiMuii BIUIMB Ha MPAKTUKY (hpaxTyBaHHs 1 CTPYKTypH BHTpar. Bonn
MaroTh TIOMIPHHUI BIUIMB, OCKUJIBKH BiJ{IrPalOTh CYTTEBY POJb Y MeperoBopax (GppaxroBoi
YTO/IH, BKITIOUA0un 0OTOBOpEeHHs BUTpaT, nos a3anux i3 EU ETS. Ixui pimenns srmsa-
I0Th Ha Te, SKi cy/lHa 3apaxToBaHi Ta Ha IKUX yMOBaX, 10 POOHTH iXHIO POJIb BUPIIIAIb-
HOIO II0JI0 Y3TO/KSHHS OIepalliiiHOl CTparerii 3 HOpMaTUBHUMHU BUMOTAMH.

CynnoBi Opokepchki kommanii, Taki sik Genconis LLC, Ge3nocepenHbo 0epyTh
y4acTh y paxTyBaHHI, OPOKEPCHKIN AIsUTbHOCTI, KOHCYJIBTYBAaHHI Ta TEXHIYHUX aCIICK-
TaX MOpPChKUX omnepamid. Ha 1i kommaHii cepi03HO BIUIMHYJIM HOPMATHBHI 3MiHH,
1 BOHHM IParHyTh 3pO3YMITH, SIK I[i 3MiHU MO3HAYMTUMYThCS HA TXHIH IIOJCHHIHN Tislib-
HOCTI 1 TIO3MIIIOHYBaHHI Ha pUHKY. Bpokepy BHCTYIAIOTh OCEPEIHUKAMH, YMOXKITUB-
JIFOIOYM YTOJM MIXK CyJTHOBJIACHUKAMH Ta (paxTyBaJIbHUKAMHU, BUKOPUCTOBYIOYH CBOI
HIMPOKi 3HAHHS PO YMOBH TNI0OAJILHOT TOPTiBIIi, TOBAPHI IiHU Ta pyX ToBapiB. banTiii-
cpbKa Oipka B JIOHJIOHI € KITFOUOBUM IIEHTPOM JJIsi OPOKEPCHKHUX KOMITaHiH, 10 Mporio-
Hye 1ardopmy, sika Toyiermye eGekTuBHHI NONIyK BaHTaxy Ui cyzeH [15]. CymHoBsi
Opoxepu Jyxe 3alikaBjieHi B po3yMinHi TorkoliB EU ETS, 11100 HajaTy 1iHHI BKa31BKU
KJTIieHTaM 1 onTuMizyBaru ¢ppaxtosi yroau. [lornpu Te, 1110 BOHUM MarOTh MOMipHUH BIUIUB
y CHPHUSHHI TIEPEroBOpaM i MPOTMO3HUILISM, TO3UTUBHUN PE3YJIbTaT 3aJISKUTh BiJl TXHBOT
3MATHOCTI MTOCEPEHUYATA MK 3alliKaBJICHUMH CTOPOHAMH U aJanTyBaTHCS 10 JUHA-
Miku pUHKY. Taka poib € 3HauHOI y 3a0e3IeueHHI CKIIaJaHHs JJOTOBOPY, BijgoOpaka-
I04YM HOBY CTPYKTYpy BUTpart, BctaHoBieny EU ETS.

Cruparouuch Ha BJIACHUUN MPAKTHYHHUE JOCBIJ, iIHGOPMAILIF0 CTESHKXOJAEPIB, Bi/BI-
JaHi BeOiHapH, HOPMATUBHI Ta HAYKOBI NEPIIO/PKEPENa, MU y3araJlbHHIIU Pe3yJbTaTH
MIPOBEJICHOTO aHaIi3y IHTepPEeCy Ta PiBHS BIUIMBY 3al[iKaBICHUX CTOPIH y TaOMHIIL.

Tabnuns
InTepec Ta piBenb BiiiuBy Ha (pyHkunionyBanusg EU ETS
3amikaB/jieHa cTOpoOHA InTepec PiBeHb BILINBY
IMO (MEPC 80) Bucokuii
CyIHOBIACHUKHU Bucokwii
Oneparopu Bucoxuii [omipHuii
DpaxTyBaIbHUKH [MomipHuii
CynHoBi 6pokepn [omipauii
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BucnoBku. bBesnocepeHi BUKIMKH, 3 IKHMH CTHKA€THCS T'ally3b MOPCHKHX CYXO-
BaHT@)XHHUX TEPEBE3EHb 00 BiANOBIMHOCTI BUMoram mpasui IMO 2023 poky Bij-
HocHo EU ETS, € 6arartorpanHuMH, 10 BKJIIOYAE 3HAYHI aJIMIHICTpaTUBHI, (iHAHCOBI
Ta onepaliiini TpyaHouti. [To-repiiie, To4Ha 3BITHICTh PO BUKUAM BUMAra€e HaAIHHOCTI
CUCTEMHU MOHITOPHHI'Y Ta 3BITHOCTI ITPO BUKHJIU, 110 CTAHOBHUThH 3HAYHUU aMiHICTpa-
TUBHHU TsTap. TOHKOIII IUX MPOIECIB 30UIBIIYIOTh PU3HK TIOMHJIIOK, SIKi MMOTEHIIIHHO
MPU3BEAYTH 10 (PIHAHCOBHUX CAHKIIIH.

Brpoamxenns EU ETS 3Ha4uHO BIUTMBaE Ha pUHOK MOPCHKUX CYyXOBaHTaKHUX ITepe-
Be3eHb 1 ()paxTyBaHHs y (DIHAHCOBHX, ONEPALIHUX 1 CTpATEeriyHKUX acrekTax. Y (iHaH-
coBoMy Iu1aHi BuTpary Ha npuaoanns kot €C (EUA) Ta BpaxyBaHHS BUTpAT Ha BUKHIH
CO, y dpaxToBUX CTaBKax HAKIIA/IA€ 3HAYHUN TATAp Ha CyIHOTUIABHI KOMITaHii, 110 Mpy-
3BOJUTH JIO MiJIBUIICHHS (DPaxXTOBHX CTABOK Ta EKCIUTyaTalidHuX BUTpar. HeoOximgHa
OTIEPaTUBHICTH TOYHOTO 3BITYBAaHHSI ITPO BUKWJIM, OIITUMI3aIlisl MAPIIPYTIB Ta IHBECTHIIIT
y TEXHOJIOTIT 3MEHIIICHHS! BUKU/IIB Y TTOBCSAK/JCHHIN MPAKTHIII, 1110 BUMAarae OubI edek-
THUBHUX Ta EKOHOMIYHO YKUTTE3IATHUX cyneH. CTpareriyHo rajrys3b Mae aaanTyBaTHCS JI0
JIBOPIBHEBOTO PHUHKY, JIe HAJISKHI Ta €(pEeKTHBHI Cy/JHa KOHKYPEHTOCITPOMOXKHI, 1110 BUMa-
rae KOMIUIEKCHUX CTpareriii JiekapOoHi3allii Ta THYYKOCTI ONepamiiiHX KOPHUTYBaHb.
3araniom, EU ETS cnionykae rajry3br MOPCbKHAX CYXOBaHTXHUX TIEPEBE3CHb JI0 OLIBIIOT
e(eKTUBHOCTI, TEXHOJOTIYHUX IHHOBAIIA Ta CTPaTeridyHoi aganTUBHOCTI, (yHIaMeH-
TaJILHO 3MIHIOFOYH TUHAMIKY PHHKY Ta KOHKYPEHTHHH TaHAmadr.
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Anomauin

Bcemyn. J{na niosuwenns ob’emie nepegezenb 8aHMAdiCie y MIdDCHAPOOHOM) CNOTY-
YeHHI dicmanu nowupeHHs KOHmelHepHi nepeseseHus. Lle 3yMO61IEHO MOXNCAUBICMIO
nepesesenb KOHMeUHepie maudice cima 8UOAMU MPAHCROPMY, WO 3HAYHO NPULUBUO-
WLye mpancnopmy8aHHs 8AHMAN Ci8 8i0 8i0NpasHuxka 00 ompumyeadd. Pazom i3 yum
V npoyeci ekcnayamayii Mae micye nouKooNcenHs KOHmenepis, ke 3yMoGII0€e Heoo-
XiOHicmb 30UCHeHHs NO3ANAAHOBUX GUOIB IX PeMOHMIB, d BIONOBIOHO, i 000AMKOBUX
sumpam Ha ympumanms 6 excniayamayii. Mema. Jlocniodicenns miynocmi xapkaca
KoHmeliHepa YOOCKOHAIEHOI KOHCMPYKYIL Npu 8aHMANCHO-PO3BAHMANCYBAILHUX ONe-
pauyisx. Pesynemamu. /{13 3a6e3neuenns 30epedicenns Konmeunepie 6 ekcniyamayii
3anpONOHOBAHO YOOCKOHANIEHHS KOHCMPYKYIL iX KapKaca 6npo8adicenHam po3Kocie ma
2OPUBOHMAILHUX NOSCIB. 3 Memol GU3HAYEHHST GHYMPIWHIX CUL08UX (akmopis, sKi
BUHUKATOMDb Y KAPKACT KOHMelUHepa npu 1020 NiOUoMi 3a 6epxXHi (imuneu nposedeHo
pospaxynox y IIK «Jlipa — CAIIPy. ocriodcenns npogedero Ha npukiadi yHigepcainb-
Hoeo koHmetinepa munoposmipy 1CC. Ilpu ybomy xapkac KoHmeunepa po3eiaHymo y
BUSTIA0I CIMPUIICHEBOT KOHCMPYKYIL, KA 3aKPINAeHd 3a 8epXHi Qimuneu ma cnpuimac
BEPMUKATIbHE HABAHMANCEHHS, 3YMOGIEHe GIACHOK 842010 MA 8a20H0 8AHMANCY. 3a
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OMPUMAHUMU 3HAYEHHAMU CUTOBUX (PAKMOPI6 UIHAUEHO NPOPINL GUKOHANHS PO3KOCIE
ma 2opU3OHMAILHUX NOSACI8 KAPKACY KoHmelinepd. 3 ypaxysaunsam oopanozo npoghinio
BUKOHAHHSL PO3KOCIE MaA 20PUBOHMATLHUX NOSCIE N0OYO0BAHO NPOCMOPOSY MOOETb Kap-
Kaca ma nposedeHo 1020 po3paxyHoK Ha MmiyHicmo. Ilpu ybomy 3acmocoeano memoo
CKIHYeHux enemenmis, axuil peanizoeano 8 SolidWorks Simulation. Bcmanoeneno, wo
3anponoHo8are YOOCKOHANEeHHs € OoyinbHuM. IIpu ybomy cmae Moxcaueum 3HU3UMuU
MAKCUMANbHI HANPYHCEHHs 8 KApKACi KoHmetinepa Ha 7% NOPIGHAHO 3 MUN0BOI0 KOH-
cmpykyiero. Bucnosku. Pe3ynomamu npogedeHux 00Caioxicenb CAPUSMUMYMb CMBO-
DPEHHIO peKOMeHOayitl Wo00 NPOEKMYBAHHS CYYACHUX KOHCMPYKYIU KOHmMeUuHepis i3
NOKpAueHUMU MeXHIKO-eKOHOMIUHUMY MAd eKCHAYAmayiuHuUMy XapaxKmepucmukamu.
Lle, csocio uepeoro, 003601UMb NIOBUWUMU eeKMUBHICIMb eKCIIYamayii Konmeunep-
HUX nepege3ens, Y MOoMY YUCHL 8 MIHCHAPOOHOMY CHOJYYEHHI.

Knrouosi cnosa: xapkac konmeiinepa, yOOCKOHANEHHA KOHCMPYKYil, Ha8aHmaxce-
HICMb Kapkaca, MiyHICmb KApKaca, 6aHMANCHO-PO36AHMAMCYBATbHI Onepayii.
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OF AN IMPROVED DESIGN DURING LOADING AND UNLOADING OPERATIONS
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Summary

Introduction. To increase the volume of cargo transportation in international traffic,
container transportation has become widespread. This is due to the possibility of
transporting containers by almost all modes of transport, which significantly speeds up the
transportation of goods from the sender to the recipient. At the same time, containers are
damaged during operation, which necessitates the implementation of unscheduled types
of their repairs, and, accordingly, additional costs for maintenance in operation. Purpose.
Research into the strength of a container frame of improved design during loading and
unloading operations. Results. To ensure the safety of containers in operation, it is
proposed to improve the design of their frame by introducing braces and horizontal belts.
In order to determine the internal force factors that arise in the container frame when
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it is lifted by the upper fittings, a calculation was performed in the PC “Lira — SAPR .
The study was conducted on the example of a universal container of standard size 1 CC.
In this case, the container frame was considered as a rod structure, which is fixed to the
upper fittings and perceives the vertical load caused by its own weight and the weight of
the cargo. Based on the obtained values of the force factors, the profile of the braces and
horizontal belts of the container frame was determined. Taking into account the selected
profile of the braces and horizontal belts, a spatial model of the frame was built and its
strength was calculated. In this case, the finite element method, which is implemented
in SolidWorks Simulation, was applied. It was found that the proposed improvement is
expedient. This makes it possible to reduce the maximum stresses in the container frame by
7% compared to a typical design. Conclusions. The results of the research will contribute
to the creation of recommendations for the design of modern container structures with
improved technical, economic and operational characteristics. This, in turn, will allow
to increase the efficiency of container transportation, including in international traffic.

Key words: container frame, design improvement, frame loading, frame strength,
loading and unloading operations.

IlocTanoBka mpo0/ieMHu y 3arajJibHOMY BUDJISAI Ta ii 3B’A30K i3 BasKJIUBUMH
HAYKOBHMMH YU NPAKTHYHHUMH 3aBJaHHAMHU

[MigBuiieHHs: e)EKTUBHOCTI EKCIUTyaTallii BaHTaXOIEPEBE3CHb Y MIXXHAPOIHOMY
CTIOJIyYeHHI € OJHHUM 13 MOXIIMBUX HAaNpSMIB PO3BHTKY EKOHOMIKH €BPOMEHCHKUX
Kpaif. Jlocartu 1poro MOKIMBO PO3BUTKOM KOHTEHHEpHHX mepeseseHs [1; 2]. lepe-
BE3EHHsI BAaHTAXIB y KOHTCHHEPaxX € OAHUM i3 HAlO1IbII IEpCIIEKTUBHUX BU/IIB MEpeBe-
3eHb. Lle mosICHIOEThCSI BIICYTHICTIO HEOOXITHOCTI MEPEBAHTAKCHHS BAHTAXKY, & TAKOXK
MOKJIMBICTIO TEpPEeBE3eHb KOHTEHHEpa Pi3HUMU TPAaHCHOPTHUMH 3acobamu. Pazom i3
IIUMB YMOBaX €KCIUTyaTallil Ha KOHCTPYKIIF0 KOHTEWHEepa JII0Th Pi3Hi 32 BEITUYUHOIO
Ta NPUPOJOIO MOXOKEHHS CWIIOBI (akTopu. BoHM MOXYTh CHPHSTH MOLIKOIKEHHIO
KoHTelHepa. OnHUM 13 HaHOUIbIL HECHPUSATINBHX CEPE HUX € MOLIKOHKEHHSI OOKOBUX
CTiH. YHACJIZOK NOAIOHMX IOLIKOJUKEHb BUHUKAE HEOOXiJHICTh 1103aIJIAHOBUX BHIIB
PEMOHTY KOHTEHHEPIB, a BIATIOBIIHO, 1 TOMATKOBUX BUTPAT HA iX YTPUMAHHS B €KCILTY-
arartii. Lle 3yMoBITIO€ HEOOXiTHICTH CTBOPEHHS HAyKOBO-TEXHIYHUX PIIICHB, CIIPSIMOBA-
HUX Ha MMOKPAIICHHS MIITHOCTI OOKOBHUX CTiH KOHTCHHEPIB B €KCIUTyaTaIllii.

AHaJi3 ocTaHHIX J0C/iTKeHb | myOaikaniii, B IKHX 3a1109aTKOBAHO PO3B’sI3aHHSI
ni€i mpodJemu, i BUIiJIeHH He BUPIIIEHNX paHillle YaCTHH 3arajbHol NpoodaeMu

Jnist moxpalteHHsT MIITHOCTI KOHTeiHHepa aBropamu myOmikaiii [3] mpornoHyeThes
MiIBUIICHHS JKOPCTKOCTI HOro KOHCTPYKIii. [lane pimeHHs oOrpyHTOBaHO HE TUIBKU
TEOPETUYHUMH PO3PaXyHKaMH, a H eKCTIEPUMEHTAILHIUMH JTOCIIIKCHHSIME. AJle Take
BIIPOBAKEHHSI HE CIIPUSIE TIOKPAIIEHHIO MILTHOCTi OOKOBHX CTiH KOHTEHHEpA.

[NoxparieHHst MIITHOCTI KOHTEeHHEepa MOXKIMBO JOCATTH 1 HIISXOM BIPOBAKEHHS
B HOro KOHCTPYKLiI0 HOBMX MarepiaiiB. Tak, Hanpukmnaz, y myOnikanii [4] 3ampomo-
HOBaHO BUKOPHCTaHHsI BYIJICIUIACTHKOBHX MaTepialiB y KOHCTPYKLil KoHTelHepa. Take
piteHHs1, 0e3yMOBHO, Ma€ psiJl IIepeBar MOPiBHSHO 31 CTAJUTO, SIKa € THIIOBUM Marepia-
JIOM BUTOTOBJICHHSI KOHTEIHEPIB, ajie i BUMarae BiJIIOBITHIX KaIliTaJbHUX BKJIaeHb HA
HOro BIIPOBA/IKCHHS.

[TuTaHHs IOKpaIIeHHs MIITHOCTI OOKOBHX CTiH KOHTEIHEepa BUCBITIIEHO Y ITyOmiKaii
[5]. ABTOpamMu MPOTIOHYETHCST BIPOBAIKEHHS Y SKOCTI iX OOIMWBKY CEHIBIU-TIaHEIICH.
IIpu boMy TOKpaMIeHHST MIITHOCTI OOKOBHX CTiH MOCATAETHCS 3MEHIIIEHHAM iX HaBaH-
T@XEHOCTI. Y CTaTTi HaBeJIeHO BiAINOBIIHE OOTPYHTYBAaHHS TAKOTO PIIlICHHS.
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VY myOGmikariii [6] as MOKpaleHHsT MIIIHOCTI KOHTEHWHEpa TaKoK 3almpOlOHOBAHO
BIIPOBAKEHHS B IOT0 KOHCTPYKIIIIO CeH/IBIY-TTIaHeNel. /laHe ynockoHaieHHa 00TpyH-
TOBaHO Ha MIPHUKJIAl HACTUIIY IiIOTH KOHTEHHEpA.

BaxxmBo ckasaru, 1o 3a3HadeHi y MyOmiKaIlisax [5; 6] pillleHHS € JOCHTh BapTiCHUM
3 TOYKH 30PY iX BITPOBAIHKEHHS, ITI0 CTPUMYE CEPIHICTh BUTOTOBJICHHS TAKUX KOHTCHHEPIB.

Jis mokpatieHHs MiITHOCTI KOHTeHHepa B poOOTi [ 7] 3aIpoItoHOBaHO y SKOCTI CKJIa-
JIOBUX KapKacy BUKOPUCTAaHHS KBaJpaTHUX TpyO. BHUCBITIEHO 0cOONMMBOCTI pO3paxyHKy
Ha MIHICTh TAKOTO KapKaca Ta JOBEACHO IOUIIbHICTh 3alPOIOHOBAHOIO YIOCKOHA-
neHHs. Pa3om i3 muM aBTOpaMu HE JOCIHIAKYBaJIHMCs MUTAHHS MOKPAILEHHS MIiITHOCTI
OOKOBHUX CTiH KOHTEHHepa.

VY my6nikamii [8] 3anpornoHOBaHO HOBY KOHCTPYKLIIO KOHTEHHEpa Ta HaBEICHO
pe3ysbTaT HOro po3paxyHKy Ha MILHICTh NP OCHOBHHX DPEXHMMaxX HaBaHTAXKCHb.
OpnHax 1o3a yBaroro aBTopiB 3aJHINMINCS MTUTAHHS TOKPALICHHS MITHOCTI KOHCTPYKIii
KOHTEHHepa.

[IpoBeneHuii OIS JiTEPaTypPHUX JKEPENT JOBOAWTD, 1110 TUTAHHS TIOKPAICHHS Mill-
HOCTI OOKOBHMX CTiH KOHTCHHEPIB € aKTyaJIbHUM Ta MOTPEOy€E MOAAIBIIOTO JTOCIIIKCHHSI.

®opmyTIOBAHHS METH CTATTi, MOCTAHOBKA 3aBJaHHA. MeTOI CTarTi € BUCBIT-
JIEHHSI PE3yABTATIB JOCIIHKCHHS MIITHOCTI KapKaca KOHTEHHepa yIOCKOHAJICHOI KOH-
CTPYKLIi IpU BAHTa)KHO-PO3BAHTAXYBAJIbHUX omepauisx. [locirHeHHs 3a3HaueHOi
METH 31MCHEHO 3 YpaxyBaHHIM PO3B’SI3Ky TaKUX 3aBAaHb!

— IOCTIAWTH CWIOBI (haKTOpH, IO MAIOTh MICIle B KapKaci KOHTEHHepa IpH BaH-
Ta)KHO-PO3BAHTAXKYBAJIbHUX OIEPALlisX;

— MPOBECTH PO3PAXyHOK Ha MILJHICTh KapKaca KOHTelHepa.

O0’exTOM T0CTiIKEHHs € KapKac KoHTelHepa TunoposMmipy 1CC.

Ipeamer pociigKeHHs1 — HABAHTAKCHICTh KapKacy KOHTEHHepa NpU BaHTaKHO-
PO3BaHTaKyBaJbHUX ONEPALisiX.

Bukaan marepiajy 1ociTizkeHHs 3 HOBHMM OOIPYHTYBAHHSIM OTPUMAHMX HAy-
KOBHX pe3yJIbTaTiB

st 3a0e3medeHHst MiTHOCTI OOKOBUX CTiH KOHTEHHEpa B e€KCIUTyaTalii MporoHy-
€ThCS IOCUJICHHS KapKaca JJOAaTKOBUMH €JIeMEHTaMH — PO3KOCAMHM Ta TOPU30HTAIILHIM
nosicom (puc. 1). Take pimeHHs cripusie 301IBIICHHIO )KOPCTKOCTI Kapkaca, a BiIo-
BiJTHO, 1 TIOKPAIIIEHHIO WOT0 MII[HOCTI HE TIJIbKH TPU CIPHHHATTI OOKOBHX HaBaHTa-
JKEHb, a 1 MPU BAaHTAXKHO-PO3BAHTAXKYBAIBHUX OMEPAIisX.

Puc. 1. Kaprac koumetinepa
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Jlist BU3HAuUeHHS BHYTPIIIHIX CHJIOBUX (DAKTOpIB, SIKI BUHUKAIOTh Yy KapKaci KOH-
TeifHepa mpu Horo migiomi 3a BepxHi GpiTHHTH, ipoBeaeHo po3paxyHok y [TK «Jlipa —
CAIIP» [9]. JocnimkeHHs MPOBEJACHO Ha MPUKJIaAI KOoHTeiHepa Ttunopo3mipy 1CC.
[Ipu pbOMy Kapkac KOHTEHHepa PO3IVISIHYTO Y BUIVISII CTPHYKHEBOI KOHCTPYKIIIi, siKa
3aKpiryieHa 3a BEpXHi (ITHHTH Ta CIpHiiMac BEpTHKAJIbHE HABAHTAXKCHHS, 3yMOBIICHE
BJIACHOIO Barolo Ta Baroio BaHTaxy (puc. 2). BpaxosaHo, o Bara OpyTTo KOHTCHHEPA
cranoBuTh 240 kH. BanTaxk po3nisiHyTO SIK yMOBHHIA TIPH BUKOPHCTaHHI TIOBHOI BaHTa-
JKOITIIHOMHOCTI KOHTEHHEepa.

Puc. 2. Pospaxynkoea cxema kapkaca konmetinepa

[3 BUKOpHCTaHHSIM OIIIIA IPOTPAMHOTO KOMILUICKCY OTPHUMAHO CITIOPY BHYTPIIIHIX
CHJIOBHX (haKTOPIB, III0 BUHUKAIOTH Y Kapkaci KouTeitHepa (puc. 3—5). CuHIM KOTEOpOM
MMOKa3aHo BiJl’€MHE 3HAUCHHS CHJIOBUX (DAaKTOPIB, a TOMapaHUYeBUM — AoAaTHe. Makcu-
MaJbHI TIOB3IOBXHI CHIIM B KapKaci KOHTEHHEpa MalOTh MICIIe Y BEPTHKATBHIX CTiHKax
1 mopiBHIOOTH 5,87 T (puc. 3). Y po3kocax 3HAYCHHS MOB3IOBKHIX CHJI Ma€ MCHITY
BEITMYHHY 1 CTAHOBUTH 4,44 T.

Puc. 3. Eniopa no3006aicuix cui (m)
Ha puc. 4 HaBeneHo emopy MOMEpPEeYHNX CHII, SIKi BUHUKAIOTh y Kapkaci. Lli cumu

PO3MO/iJieH] 32 3aKOHOM TPHUKYTHHKA 1 MalOTh 3HAKO3MiHHE 3HaueHHS. MakcuMmaibHe
3HAYEHHS MOTIEPEYHHUX CHIT OpiBHIOE 1,34 T.
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Puc. 4. Entopa nonepeynux cun (m)

VY nonepeuynux Oankax Kapkaca BUHHKAlOTh 3TMHaJIbHI MOMEHTH (puc. 5). Makcu-
MaJbHE 3HAYCHHS 3TMHAJIHHOTO MOMEHTY cTaHOBHTH 0,523 T * M i BUHHKA€E B cepenHii
YacTHHI TIOTIEPEYHIX OaoK.

Puc. 5. Entopa 3eunaneHux momenmis (m = m)

MaxkcumainpHi Jedopmaliii B Kapkaci TakoXK MaroTh Miclieé B HONEPEYHHUX Oasikax
pamu (puc. 5). Lle MoXKHa MOSCHUTH PO3PAXyHKOBOIO CXEMOIO KapKaca (CXeMOIO 3aKpi-
IUICHHS Ta NPUKJIAZCHHS HABAHTAXKCHB ).

Puc. 6. Cxema oepopmayiil kapxacy (macumad 30inouienus 27:1)
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3a 3HaYCHHSIM MaKCHMaJIbHOI TIOB3IOBKHBOI CHJIM, sIKA BUHMKAE B PO3KOCaX, 3IiH-
CHEHO Miadip iX mpo¢into BukoHaHHS. Il LBOTO 3aCTOCOBAHO KJIACHYHY (HOpMYTY
OIopy Marepiaiis:

o=" (1)

ne P — MakcuMasbHE 3HaYCHHsI CHJIM, sIKa Jli€ B PO3KOCi Kapkaca; 4 — Iiola nomnepe-
YHOTO MEepepizy pO3KOCY.

3BifcH, SIKIIO NPUHHATH NPHUITYLICHHS, 10 PO3PAXyHKOBI HANPY)KEHHS ¢ B PO3KOCI
JOPIBHIOIOTH JIOITYCTUMHUM HaIPY KEHHSM Marepiay oro BUKOHaHHS, MOJKHA 3aIlACaTH:

A= 2)

bynemo BBakary, mo marepiajgom po3kociB € craip mapku 091'2C. Tomi momyctumi
Hanpy>xeHHs1 cTaHoBIATH 210 MIla [10]. 3 ypaxyBaHHSIM LBOTO ILIOLIA IONIEPEYHOTO Mepe-
pi3y po3Koca MOBHHHA CTAaHOBUTH He MeHie 207,4 cM?. 3a copraMeHTOM IPOodiIiB y AKOCTI
npo(isito BUKOHAHHS PO3KOCIB KapKaca MPONOHYETHCSI BUKOPUCTAHHS KBAIPaTHOI Tpyou
80x80 3 TOBIIMHOKO CTIHKK 11 MM Ta IUIOMIEIO TIoTepedHoro mepepizy 27,21 cm?.

s mocimiKeHHS MIITHOCTI KapKaca 3 ypaxyBaHHSIM 00paHOTO MPOQiI0 BUKOHAHHS
HOTO PO3KOCIB MTPOBEICHO PO3PAXYHOK HA MIIIHICTh 32 METOJIOM CKiHUEHUX EJIeMEHTIB.
Moro peanizamiio 3xiiicieno y SolidWorks Simulation [11, 12]. Po3paxyHkoBy cxemy
KapKaca HaBeIeHO Ha puc. 6.

Puc. 7. Pospaxynkoea cxema xapkaca
Ilpu ckimamaHHI CKiHYEHO-ENIEMEHTHOI MOJENi BUKOPHCTOBYBAIHCS TETpPaeaApH

[13; 14]. CxiHueHO-eneMEHTHY MOZENh HaBeneHo Ha puc. 7. Moxens Hamiuye 51069
eneMeHTiB Ta 16551 By3miB.

Puc. 8. Cxinueno-enemenmna mooeins kapkaca
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Pesynbrarti po3paxyHKy HaBeJeHO Ha puc. 8, 9. MakcuMainbHi HaIllpy>KeHHsS B Kap-
Kaci BUHUKAIOTh Y BEPTUKAJIBHUX CTiKax i cTaHoBsIThH 189,1 MIla (puc. 8), 1110 Hukue
3a goryctuMi [10].

von Mises (MPa)
189.1
' 173.4
- 157.6
-141.9
-126.1
-110.4
94.7
I 78.9
1 63.2
-47.4
31.7

159
0.0

Puc. 9. Hanpyscenuii cman kapkaca

MakcumManbHI IepeMillieHHsT B Kapkaci BUHUKAIOTh Y CePEIHIX YacTHHAX ITOTepe-
9HUX 0aJI0K i CTaHOBIATE 3,39 MM (puc. 9).

URES (mm)
3.39
I 3.11
-2.83
-2.55
-2.26
-1.98
1.69
I 1.42
| 1.13
-0.85
0.57

0.28
0.0

Puc. 10. Ilepemingenns 6 gy3nax kapkaca

AHai3yI04M OTPUMaHi pe3yJabTaTH, MOXKHA 3pOOMTH BHCHOBOK, IO 3alPOIOHO-
BaHE yIOCKOHAJICHHS € AOUUILHUM. [IpH 1IbOMy cTa€ MOXKIIMBUM 3HU3UTH MaKCUMaJIbHI
Hanpy>XeHHsI B Kapkaci Ha 7 % y MOPiBHSIHO 3 TUIIOBOIO KOHCTPYKLI€IO.

BucHOBKH 1 mepcrieKTHBa NOAabII0T poOOTH B LILOMY HarpsiMi

1. JdocnimkeHo cuioBi GakTopy, 10 MAlOTh Miclie B KapKaci KOHTelHepa Mpu BaH-
Ta)KHO-PO3BAHTAKYBAIBHUX ONEpalisix. BcTaHOBIEHO, MO MaKCHMMallbHI TOB3I0B-
KHI CWIM B Kapkaci KOHTEHHepa MaroTh MICIe Y BEPTUKAJIbHUX CTilKax i JOPiBHIOIOTbH
5,87 1. Y po3Kkocax 3Ha4E€HHS MOB3JOBKHIX CHJI Ma€ MEHIIIy BEJIMUMHY 1 CTAHOBUTH 4,44 T.
MakcuManbHe 3HaueHHS TMONEPEeYHUX CHII y Kapkaci gopiBHoe 1,34 T. Y momnepeynux
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0aJKax KapKaca BUHHKAIOTh 3THHAJIbHI MOMEHTH. MaKkCcHMallbHe 3HAYeHHsI 3THHAIBLHOTO
MOMEHTY cTaHoBUTH 0,523 T * M 1 BUHUKAE B CEpeIHIN YaCTHHI ITOTIEPEUHHUX OaJIoK.

3a OTpMMaHMMU 3HAUCHHSMH CWIIOBHX (DakTOpiB BU3HAYECHO MPOQilb BUKOHAHHS
PO3KOCIB Ta TOPU3OHTAILHUX TOSICIB KapKacy KOHTEeHepa — KBaJpaTHa Tpyba 80x80
3 TOBIIMHOKO CTiHKK 11 MM Ta IJI0MIer0 morepedHoro mepepisy 27,21 cm?.

2. IlpoBeicHO pO3paxyHOK Ha MIITHICTh KapKaca KOHTeHHepa. MakciMaibHi Harpy-
JKCHHSI B KapKaci BUHUKAIOTh Y BEPTHKAJIBHUX CTiiKax 1 ctaHoBisiTh 189,1 MIla, 1o
HIDKYE 32 JIOMycTUMi. MakcuMallbHi TepeMilieHHs] B KapKaci BUHHKAIOTh Y CepelHixX
YacTUHAX MOTEPEYHNX OANIOK 1 CTAHOBIATH 3,39 MM.

Pesynbratu mpoBeneHUX JOCHTIHKEHb CIPHATUMYTh CTBOPEHHIO PEKOMEHJAITiH
HIOJI0 MTPOEKTYBAHHS CYYaCHUX KOHCTPYKIIH KOHTEHHEPIB i3 MOKPAIIEHUMH TEXHIKO-
C€KOHOMIYHUMH Ta SKCIUTyaTal[iIiHUMU Xapakrepuctukamu. Lle, cBo€ro yeproro, 103B0-
JIUTH MiJBUIUTY e(DEKTUBHICT EKCIUTyaTallii KOHTEHHEPHUX TIePEBE3CHb, Y TOMY YHCI
B MIXKHapOJHOMY criony4eHHi. [Ipr 1iboMy Taki KOHTEHHEpH JOIIIBHO BUKOPUCTOBY-
BaTW ¥ y CKJaJli moi3iB KOMOIHOBAHOTO TPAHCIIOPTY, SIKi MEPEBO3SATHCS 3aI3HUUHIMHA
NopoMaMu. AJKe KYTH KpEHY 3aJIi3HHYHOTO TIOPOMY 3YMOBIIOIOTh JIOJIATKOBUH THCK
BaHTaXYy, [0 IEPEBO3UTHCS, HA CTIHU KOHTEHHEpa, a BUKOPUCTAHHS PO3KOCIB y KapKaci
OOKOBHX CTiH CIIPUATHUME MOKPAIIEHHIO TXHBOT MIIIHOCTI.

[MoganbuuM po3BUTKOM JAaHOTO JOCIIPKSHHS € BU3HAYCHHS MII[HOCTI KapKkaca KOH-
TeifHepa NpH 1HIINX eKCIUTyaTalliiHUX peXUMaxX HaBaHTaKCHb.
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Summary

Introduction The global industry and transport are rapidly moving into the era of
digitalisation, which is radically changing approaches to the production, operation and
maintenance of railway transport. Ukraine, as part of the global market, is also actively
implementing innovative solutions. Rail transport is the circulatory system of the Ukrainian
economy and logistics, combining strategic, economic and social functions. Relevance. A
digital twin is a virtual copy of a physical object, process or service that is constantly updated
with data from the real world. In the case of a freight car, its digital twin may include detailed
information about its technical condition, operating history, current location, load, and other
important parameters. The purpose of the study. The purpose of this research is to study in
depth the prospects for the creation and implementation of digital twins of freight cars in the
railway transport industry of Ukraine. The relevance of the study is due to the need to increase
the efficiency of rolling stock operation, optimise maintenance processes and predict possible
malfunctions. Results. An approach to design based on a digital twin has been introduced,
which will provide an end-to-end design workflow in a single information space regardless of
the software systems used to calculate the components and systems of freight cars, and a block
diagram of the operation of a digital twin of a freight car has been constructed. Conclusions.
Modelling various operating scenarios on virtual copies allows optimising maintenance and
repair modes. Scientifically based algorithms integrated into digital twins contribute to the
early detection of potential malfunctions. Applied conclusions indicate the possibility of a
significant reduction in maintenance and repair costs. The introduction of digital twins allows
for optimised planning of repair work and reduced downtime for wagons.

Key words: transport, railway transport, wagons, digital twins, computer technology,
artificial intelligence, transport technology.
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Anomauin

Bemyn. Cgimosa npomuciogicms i mpancnopm cmpimko nepexoosms 6 epy yugpo-
8i3ayii, Wo KapOUHATLHO 3MIHIOE NIOX00U 00 BUPOOHUYMEBA, eKCNIyamayii ma 0ociy2o-
8YBAHMA 3ANIZHUYHO20 MPAHCNOPNTY. YKpaina, AK Yacmuna 2106anibH020 PUHKY, MAKOXHC
AKMUBHO BNPOBAOICYE IHHOBAYIUHI pittenHsl. 3ani3HUYHUL MPAHCHOPM € KPOBOHOCHOIO
CUCTNEMOIO YKPAIHCHbKOI eKOHOMIKU Md N02ICMUKY, NOEOHYIOUU CMPAmMe2iuHti, eKOHO-
Miuni ma coyianvui Gynryii. Akmyanvnicms. L{ugposuii Ositinux seisie coboio sipmy-
AbHY KONi izuunoco 06 ckma, npoyecy abo nociyeu, aKka NOCMItiHO OHOBIIOEMbCS
Oanumu 3 peanvro2o ceimy. 1{o0o sanmadichoeo eazona 1o2o yupposuil OSIUHUK MOdiCe
BKIIOUAmMuU 0emaivHy ingopmayiro npo 1020 MexHIYHUL CMAaH, iCMopiio excniyamayii,
NOMOYHEe MICYE3HAX0OHCEHHs, HABAHMAXNCEHH ma iHWi eaxcausi napamempu. Mema.
Memoto ybo2o HayKo8020 OOCNIONCEHHA € 2IUDOKEe BUBYEHHS NEPCIEKMUB CIBOPEHHS
ma npoeadNCeHHs: YUpposux OBIIHUKIE BAHMAIICHUX 8A20HIG ) 2ANY3i 3ANI3HUYHO2O0
mpancnopmy Ykpainu. AkmyanvHicmos 00Cai0NCeH sl 3yMO8IeHd HeOOXIOHICMIO Ni08uU-
WeHHsl eheKMUBHOCII eKCIIYamayii pyxomoeo cKkiady, onmumizayii npoyecie mexmniy-
HO20 00CTY208Y8aHHA MA NPOSHO3YBAHHA MOXCIUBUX HecnpaeHocmell. Pezynsmamu.
Bnposadoiceno nioxoo 0o npoekmysanns Ha 0CHOBL YUPPOB02o O8IUHUKA, SAKUU 3a0e3-
neyums HACKpizHuil pobouull npoyec NPOEKMY8aHHsL 8 EOUHOMY THGOPMAYTUHOMY NPO-
CMOPI HE3ANeNCHO 8i0 NPOSPAMHUX CUCTEM, SAKI BUKOPUCMOBYIOMbCA O/ PO3PAXYHKIE
8Y371i68 Ma cucmem 8AHMAICHUX 8A2OHIB, MAKOIC N0OYO08aHa DIOK-cxemd pobomu yugh-
P06020 OBIUHUKA 8AHMANCHO20 6a20HA. Bucnoeku. Moldentosanusa pisHux cyeHapiis
eKCnIyamayii Ha 8ipMYyanbHUX Koniax 00360/14€ ONMUMIZYEAMU PEXCUMU 0OCTY208Y8aAH-
Hs ma pemonmy. Haykoso obrpynmosani aneopummu, inmespoeami 8 yughposi 08itiHuKu,
CHPUSIIOMb PAHHLOMY BUABLEHHIO NOMEHYIUNUX HecnpasHocmel. [Ipukiaoui eucnosxu
C8IOUAMb NPO MONACIUBICHIL 3HAUHO20 CKOPOUEHHS BUMPAM HA MeXHIUHe 00CY208Y8aH-
Hs ma pemonm. Bnposaodicents yu@posux 08iliIHUKIE 0036015€ ONMUMIZYEAMU NIAHY-
BAHHA PEMOHMHUX POOIM Ma 3MEHWUMU YaC NPOCMOIO 8A20HIS..

Knwouosi cnosa: mpancnopm, 3anisHU4HI nepege3ents, 6a2o0HU, Yu@Pposi O8itiIHUKU,
KOMN tomepHi mexHono2ii., wmyyHutl inmenekm, mpaHCnopmHi mexHoaozii.
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Introduction. Global industry and transport are rapidly moving into the era
of digitalization, which is radically changing approaches to the production, operation,
and maintenance of railway transport [1]. Ukraine, as part of the global market, is
also actively implementing innovative solutions. Railway transport is the circulatory
system of the Ukrainian economy and logistics, combining strategic, economic
and social functions. The rapid development of information technologies has truly
revolutionized approaches to the management of industrial enterprises, in particular
in the field of railcar construction. Therefore, scientific research and development
of digital technologies - the introduction of digital twins of railcars for load modeling
and structural optimization are very relevant, taking into account strategic goal No. 8
of stimulating research and development in conditions of limited material resources,
enabling the implementation of innovative projects in priority industries [2].

Topicality. A digital twin is a virtual copy of a physical object, process, or service
that is constantly updated with real-world data. In the case of a freight car, its digital twin
can include detailed information about its technical condition, operating history, current
location, load, and other important parameters. Creating such digital representations
opens up many opportunities for optimizing fleet management.

In addition, the digital twin can be used to optimize loading and unloading processes.
Having accurate information about the load capacity and condition of each wagon,
it is possible to plan the placement of goods more effectively, avoiding overloading
and inefficient use of space. This leads to reduced cargo handling times and increased
throughput of the railway infrastructure.

Thus, conducting research and practical work to determine the prospects for creating
digital twins of freight cars is not only relevant, but also a strategically important task
for the development of railway transport. The introduction of this innovative technology
will help increase the competitiveness of the industry, reduce operating costs, improve
transportation safety and ensure more efficient use of transport infrastructure. Further
research and practical implementation of these technologies will open a new era in rail
fleet management.

Analysis of information sources on the topic under study. The scientific study
[3] considers the concept of composite digital twins on the Digital Twin as a Service
platform. The authors explore the architecture and possibilities of creating flexible
and adaptive digital twins by combining various components and services. The
paper discusses the advantages of such an approach for modeling complex systems
and processes. The concept of composite digital twins contributes to the creation of more
effective and versatile tools for analyzing and optimizing complex engineering systems.
The article is an important contribution to the development of digital twin technologies.

In [4], the authors analyze the key characteristics and functionalities of modern
platforms for creating and managing digital twins. The paper also discusses the challenges
and potential directions of development of this technology. The article is a valuable
overview for understanding the current state and future development of digital
twin platforms. The study contributes to a better understanding of the capabilities
and limitations of existing solutions.

The authors of the publication [5] explore the advantages of using a distributed
architecture to create more adaptive and specialized digital twins. The paper discusses

47



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

approaches to the integration and interaction of various distributed components of digital
twins. The concept of distributed digital twins is promising for modeling complex
and geographically distributed systems. The article is an important contribution to
the development of flexible and scalable solutions based on digital twins.

The paper [6] describes the process of "grounding" digital twins. The author explores
the need to verify and validate digital twin data with real data to ensure their accuracy
and reliability. The paper is likely to discuss methodologies for comparing virtual
models with physical objects and environments. The paper emphasizes the importance
of integrating real data to increase the trust and effectiveness of digital twins, especially
in urban research. The research contributes to the development of digital model
validation methodologies.

The paper [7] explores the application of agent-based artificial intelligence to digital
twins. The authors explore the possibilities of providing digital twins with autonomous
agent properties for more intelligent behavior and decision-making. The paper is likely
to present concepts and architectures for integrating agent-based Al with digital twins, as
well as the potential benefits of such an approach. This research is an important step in
the development of more complex and autonomous digital twins. The paper demonstrates
the prospects for integrating Al to improve the functionality of digital twins.

A chapter in the book "Digital Twins" by Springer [8] published in 2025 is devoted
to the challenges associated with the development and implementation of digital
twins. The authors are likely to analyze various problems that arise at different stages
of the digital twin life cycle, including data collection and processing, modeling,
integration and security. The paper may address technical, organizational and economic
aspects of these challenges. This chapter is important for understanding the obstacles to
the widespread implementation of digital twins. The study contributes to the identification
of key issues for further research and development.

The analysis of literary sources revealed a noticeable lack of research devoted directly
to determining the prospects for creating digital twins of freight cars. Existing works
mainly consider general aspects of the digital transformation of transport or individual
technological solutions without reference to the specifics of the freight car fleet. The
potential economic, operational and safety benefits of implementing such twins have
not been sufficiently studied. There is also a lack of in-depth analysis of technical
requirements, integration problems with existing systems and possible risks. Therefore,
the issue of determining the prospects for creating digital twins of freight cars requires
more detailed and targeted scientific research. This opens up significant opportunities
for future scientific exploration in this important field.

Research methods. The research is based on a comprehensive analysis, including
a systems approach to understanding the railcar as a complex interacting system.
Modeling and simulation theory is used to develop virtual copies capable of reproducing
the behavior of real objects. Big data collection and analysis methods are used to process
information from sensors and other sources, which is the basis for building accurate
models. Machine learning and artificial intelligence are used to predict the technical
condition, optimize maintenance and manage resources. The Internet of Things provides
real-time data collection necessary for continuous updating of digital twins. Decision
theory is used to develop support tools based on information obtained from digital twins.
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Object and subject of research. The object of the study is a comprehensive system
that encompasses technologies, processes, and data related to the creation, deployment,
and use of digital twins of freight cars at different stages of their life cycle.

The subject of the study is the set of potential benefits, risks, technological
and organizational prerequisites, as well as economic and social consequences associated
with the implementation of digital twins for freight cars.

Purpose and objectives of the study. The purpose of this scientific research is to
deeply study the prospects of creating and implementing digital twins of freight cars in
the railway transport sector of Ukraine. The relevance of the research is due to the need
to increase the efficiency of rolling stock operation, optimize maintenance processes
and predict possible malfunctions. The creation of digital twins opens up new opportunities
for modeling the behavior of cars in different operating conditions, analyzing their
technical condition in real time and making informed management decisions.

To achieve this goal, it is necessary to solve a number of key problems. The primary
task is to analyze existing technologies and approaches to creating digital twins in
the transport industry, in particular, in the field of railway transportation. The next step
will be to determine the key parameters and characteristics of freight cars that need
to be reflected in the digital twin to ensure its functionality and informativeness. It is
important to explore the possibilities of integrating digital twins with existing railway
transport management and monitoring systems.

Presentation of the main material. The emergence of the concept of digital twins
is associated with the works of Prof. associated with the works of Prof. M. Grieves.
The idea of creating a virtual space in which information is exchanged with the real
world was proposed by M. Grieves in 2002 as part of a presentation at the University
of Michigan for industry representatives [9]. This concept, designated as "ideal PLM"
(Product Lifecycle Management).

Within the freight car industry, the greatest effect can be achieved by building a digital
twin of the entire freight car fleet, which will be a set of digital twins of individual freight
cars operated on the railway network. The development of a digital twin of the freight
car fleet will allow for the creation of a digital wagon resource management system.

The general algorithm of operation of a digital twin of a freight car at all stages
of the life cycle, in general, the actions of twins can be divided into two types:
training and control (Fig. 1). This was developed for a freight car, taking into account
the experience [10].

Distributed machine learning can be used for training (step 1). The local training
models are then sent to the twin level for aggregation in the blockchain miner (steps 2
and 3). Model updates from the blockchain are sent to the local systems, where the local
models are updated accordingly (steps 4 and 5).

This iterative learning process can occur either synchronously or asynchronously. In
asynchronous mode, a device sends its local model only when connected to the miner,
while in synchronous mode, devices must send their local models to the miner for global
aggregation at a predetermined point in time.

Therefore, we must choose the aggregation method according to the connection
conditions. On the other hand, there are some scenarios, such as unmanned locomotives,
where devices can generate up to 4000 GB of data per day, and this must be taken into
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Fig. 1. Algorithm of operation of the digital twin of a freight wagon

account during training. Although centralized machine learning can be used for such
scenarios, its disadvantage is that it requires more communication resources to transfer
data from end devices to the central server. A solution to this problem can be federated
learning, which allows the global model to be constantly updated to improve its efficiency.

In [9], a “five-dimension digital twin model” is presented, in which the problem is
considered from a slightly different angle, the model is described by the formula:

MDT = (PE, VM, Ss, DD, CN), (1)

where PE - physical objects, VM - virtual models, Ss - services, DD - digital twin
data, CN - interaction protocols.

Based on the considered model of the digital twin and the described algorithm
of the digital twin operation, taking into account the defects obtained in operation
considered in the work [11], a new approach to the concepts of the digital twin of a freight
car at all stages of the life cycle has been created.

— Product development (DT-1);

— Production (DT-2);

— Operation (DT-3).

Digital twin in development (DT-1).At this stage, the key competitive advantages
of a high-tech product are laid, for which a system of digital models of the product
and, if necessary, technological processes will be created, interconnected and balanced
on a single platform in a multi-level matrix. Tracking structural changes in the design
ATthe designstage Thistechniqueinvolves determining trends in changes in the properties
of the design and its inclusion in calculation models. It is mandatory to conduct patent
research on requirements, target indicators and resource constraints.
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At this stage, the use of digital twin technology allows for rapid large-scale changes
to the design of a product, its subsystems and components, as well as rapid verification
of these changes through virtual testing and analysis of the impact of changes in
the performance of some subsystems and components on others. This allows for reduced
volume of field tests and their number to the minimum permissible and necessary,
which in turn reduces the time to market for a competitive product and reduces the cost
of development.

Digital twin in production (DT-2).1t is responsible for accounting for "technological
heredity" and is a system consisting of DT-1 and information in the form of results
of virtual tests and computer modeling of technological processes for manufacturing
a product.

Digital twin in operation (DT-3). It is a system consisting of a digital twin
of the first stage (DT-1), if necessary, a second stage (DT-2) and information coming
from the operated product. DT-3, in particular, contains information for managing
the maintenance and repair of a high-tech product. Here it is worth highlighting the model
for diagnosing the state of structures separately in the blocks of digital models. This
technique involves calibrating the digital twin to the readings of monitoring systems.
Condition diagnostics consists in monitoring the inconsistency of measurement data
with the results of the digital twin model (which indicates the occurrence of significant
defects). Refined modeling will allow you to localize the places of occurrence
of problems in the load-bearing or supporting system. And the model for predicting
the residual resource (corrosion, strength)

(Fig. 2).shows, as an example, a digital twin at the development stage of the most
popular freight cars for transporting goods.

At this stage, a product requirements management module has been developed,
a significant amount of high-precision mathematical modeling of freight car elements
has been performed (as an example, (Fig. 3).shows a digital twin of a gondola
car at the development stage), a dynamic model of a gondola car has been created,
and a software package has been developed to predict the technical condition
and development of defects from corrosion and other operating factors. Preparations are
underway for the second stage of engineering tests in real operating conditions to verify
the applied approaches and developed mathematical models of freight cars.

One of the important tasks of the digital twin is to create end-to-end connections
between requirements and technical solutions that need to be adopted as soon as possible
to minimize the number of design errors, especially at those stages of development
when the car is being manufactured and tested.

The implementation of a digital twin design approach will provide an end-to-end
design workflow in a single information space, regardless of the software systems used
to calculate freight car components and systems. This, in turn, will provide a powerful
synergistic effect during the interaction of different design departments and increase
the efficiency of the processes of creating and operating freight cars (Fig. 4).

Conclusions. Scientific research confirms the significant potential of digital twins in
increasing the efficiency of rail transport. Analysis of data obtained from digital twins
opens up new possibilities for predicting the technical condition of wagons.
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Hopper wagon

Half wagon Tank wagon

Fig. 2. Digital twins of freight cars under development

Fig. 3. Digital twin of gondola cars under development

Simulation of various operating scenarios on virtual copies allows for optimization
of maintenance and repair modes. Scientifically based algorithms integrated into digital
twins contribute to early detection of potential malfunctions. The use of machine
learning methods on digital twin data improves the accuracy of predicting failures
of components and assemblies. Studies show that digital twins provide a deep
understanding of the dynamics of freight wagon behavior during movement.

The practical use of virtual models contributes to increasing the safety of rail
transport operations. Digital twins provide valuable information for making informed
management decisions regarding the fleet of wagons. The use of digital twins facilitates
monitoring the condition of freight wagons in real time.
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of the cargo wagon

The applied value of digital twins lies in the possibility of modeling the impact
of various loads on the design of wagons. The introduction of this technology contributes
to increasing the throughput of railways by reducing delays. Digital twins can be used to
train personnel in the maintenance and operation of wagons. The practical application
of virtual copies facilitates the process of certification and testing of new models
of freight wagons. The economic effect of the introduction of digital twins is manifested
in increasing the service life of wagons.
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Anomauisn

Bcemyn. [Ipobnema enepeoehexmunocmi MOPCbKo20 Mpancnopny Haodyeae 0edaui
OinbUWIOT AKMYaANbHOCI 8 YMOBAX NOCUNEHHA MINCHAPOOHO20 €KON02IUHO020 Peylio8dH-
H ma 3pocmanus eapmocmi enepeopecypcis. Cyononaaena eanysv gidiepac ¢ynoa-
MEHMANLHY PONb Y 2100ANbHIN eKOHOMIYIL, 3a0e3neuyioun 0CHOBHI 00CsU MIdNCHAPOO-
HUX nepese3ets, NPome 3aruuacmscs OOHUM 13 ROMIMHUX 0Jceper GUKUOTI8 NAPHUKOBUX
2asis, 30kpema eyanexucinozo 2azy (CO:z), okcudie azsomy (NO,) ma cipxu (SO,). V 6i0-
nOBI0b HA Y BUKIUKU MIJICHAPOOHT opeanizayii, 30kpema Midicnapoona mopceka opea-
nizayis (IMO), 3anposadaicyroms cucmemy mexHivHux i OnepayiiHux cmanoapmis, siKi
Marmy 3a6e3nequmu nOCNynoge 3HUNCEHHs 6NAUEY MOPCHKUX Nepese3eHb Ha 008KI-
5. Mema. Memoio 0anoeo 00CiodicenHs € CUCMEeMHULL AHANT3 CYYACHUX MEeXHON02il,
HOPMAMUBHO-NPABOBUX BUMOZ MA MeMOoOi8 NPOSHO3HO20 OYIHIOBAHHS, WO MOJCYMb
Oymu 3acmocosani 0 NiOSUUEHHS eHep20ePEeKMUEHOCIT 8 MOPCLKOMY MPAHCHOp-
mi. Ocobnugy ysazy 30cepediceno Ha 6NAUGL MIJCHAPOOHUX Pe2YISMOPHUX THIYIamus,
soxkpema makux sik EEDI, SEEMP, EEOI, a maxooic Ha mexHono2iuHux iHHO8AYIsxX — 610
YUPpPo6020 MOOENIVBAHHSL 00 BNPOBAOICEHHS ATLMEPHAMUBHUX 6UOI8 nalusa i adan-
MUBHUX cucmem enepeomeneddcmenmy. Pesynomamu. Ilposedenuii ananiz ciouums,
10 NOEOHAHMS YUDPOBUX MEXHONO02TH, NEPedO8UX CUCTIEM KePYBAHHS A ATIbINePHAMUB-
HO20 eHep203abe3neueH s MOdCce ICTOMHO 3HUUMU 002U CRONCUBAHHSL NATUBA | 8I0-
ROBIOHI 6uKUOU 8 ammocepy. 3anpoeadicents Yu@posux OGIUHUKIE T CUCTEM MAUUH-
HO20 HABYAHMS GUABUNIOCHL eeKmusHum OJis NIOGUUeHHS TMOYHOCI NPOSHO3Y8ANHS
sumpam enepeii ma eussients pezepsie onmumizayii. Boonouac, xoua enpoeaoicents
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Mmaxkux 8udie nanusd, K CKpanieHutl NPUPoOHULl 2as3, Memanol Y 8600eHsb, nompeodye
SHAYHUX KANIMATbHUX [HEeCMUYil, 80HU PO321A0AIOMbCA AK NEePCNeKMUBHI HanpsamMu
Odexapoonizayii eanysi. Bucnoexku. Pe3yromamu 0anoco 00caiodcens niomeepoicy-
oMo, Wo iHme2posanull nioxio, AKUti OXONII0E€ MEeXHONO02IUHI THHOB8AYIT ma aHanimuy-
HI iHCmMpYMenmu NPOSHO3VE8AHHA, € BUSHAYANbHUM YUHHUKOM ) 3a0e3neyeHHi Cmano2o
PO3BUMKY MOPCbKO20 MPAHCNOPMY Md 800CKOHANEHHI MAMEMAMUYHUX MOOelell OYiH-
KU eHepaoepexmueHocmi.

Kntouosi cnoea: mopcoKi nepesesenns, ekcniyamayis cyoeH, CyOHo8i 08UcyHU, MOp-
CcbKe Naueo, CyOHONIAABCMEO, eHep2oepeKmuUHICmb, eKoN02iuHa be3nexa, MOPCbKULL
MPAHCNOPM, MINCHAPOOHT KOHBEHYTI, ONMUMI3AYIs MAPUPYmMIs, 3MeHUIeH S 8y2iele-
6020 Ci0Y, IHMeNeKMYalbHi CucCmemu YNpasiiHHs.
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Summary

Introduction. The energy efficiency of maritime transport is a key research area due to
growing environmental regulations and the need to optimize fuel consumption. Although
shipping is a vital sector of the global economy, it is also a major source of greenhouse
gas emissions, particularly CO., NO,, and SO, To mitigate these impacts, organizations
like the International Maritime Organization (IMO) have established regulatory measures
to enhance fleet efficiency. Key initiatives include the Energy Efficiency Design Index
(EEDI) for new ships, the Ship Energy Efficiency Management Plan (SEEMP) for opera-
tional improvements, and the Energy Efficiency Operational Indicator (EEOI) for assess-
ing in-service performance. Alongside regulations, emerging technologies such as digital
twins, predictive analytics, Al-driven control systems, and alternative fuels are gaining
importance. These innovations optimize ship performance by leveraging real-time data
and environmental conditions, reducing fuel consumption and emissions. Additional
strategies, including hybrid propulsion systems, fuel-efficient hull coatings, and advanced
energy recovery technologies, contribute to improving energy efficiency. However, large-
scale adoption faces challenges such as high capital costs, infrastructure limitations,
and the need for specialized training. Purpose. This study aims to examine innovative
technologies, regulatory frameworks, and predictive modeling methods for optimizing
energy use in maritime transport. It evaluates the impact of international standards (EEDI,
SEEMP, EEOI) and advanced solutions like digital twins, machine learning, alternative
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fuels, and intelligent management systems. The focus is on their role in reducing fuel con-
sumption, emissions, and improving overall sustainability. Results. Findings suggest that
integrated approaches significantly lower fuel consumption and CO: emissions. The study
confirms that digital technologies and energy management systems enhance ship effi-
ciency by optimizing routes, speed, and engine loads in real time. Furthermore, the shift
to alternative fuels such as liquefied natural gas (LNG), methanol, and hydrogen holds
promise for reducing emissions, though it requires substantial investments and techno-
logical adaptation. Conclusions. The combination of regulations, technological innova-
tions, and predictive modeling is crucial for achieving maritime energy efficiency. These
methods optimize fuel use while promoting environmental sustainability. Future research
should focus on refining energy efficiency forecasting models and developing adaptation
strategies for stricter environmental standards. Further investigation into alternative fuel
viability and hybrid propulsion optimization is necessary to facilitate a cost-effective tran-
sition to low-carbon shipping.

Key words: shipping, environmental safety, energy efficiency, maritime transport,
international conventions, route optimization, carbon footprint reduction, intelligent
control systems.

Beryn. EneproedekruBHICTE MOPCHKOTO TPaHCIIOPTY HaOyBae Bce OUIBIIOTO 3Ha-
YEeHHS! B KOHTEKCTI MOCHJICHHS €KOJIOTIYHOTO 3aKOHOJABCTBA Ta 3POCTAaHHS BapTOCTI
nanuBa. MOpCHKUIl TpaHCHOPT, HA AKkui npunagae 10 90 % BaHTAKHUX NEpeBe3CHb
Y CBiTi, 3aJIMIIAETLCSA OJHUM 3 OCHOBHHMX JDKEPEN BHKMJIB Byriekucioro rasy (CO,)
Ta HIIMX Ta3iB (OKCHJIIB a30Ty, NO, ra cipku, SO,). [IpHHHATTS MKHAPOIHUX TPABO-
BUX CTaHJapTiB, TakuX sk Kouseniist MARPOL, ta piBHiB eneproedexrusaocti (EEDI,
SEEMP) nokiinkaHe MiHiMi3yBaTH HEraTUBHI €KOJIOTTUHI HACIIIKN CYTHOBUX BUKHU/IIB.
TuM He MEHII BUKOHAHHS HaBEJICHUX HIKYE BUMOT BUMArae BUPIIICHHS HU3KHU TEXHO-
JIOTIYHUX, EKOHOMIUHHUX Ta eKCIUTyaTalliiHux mpodiem [1; 3; 5].

OCHOBHI BUKJIMKH BKJIIOYAIOTh y cebe:

— BHUCOKE CHEProCHOKMBaHHA cynieH. BioMo, 110 cyJHa B ychoMYy CBiTi € Heeek-
TUBHHMH, 1110 TIPU3BOANTH J0 Hee(PEKTUBHOTO BUKOPUCTAHHS TIallMBa Ta BUKUIIB Tap-
HUKOBUX Ta3iB [4; 6];

— HEOOXIJHICTh YNPOBA/HKCHHS IHHOBAIIMHUX TexXHOJOriH. OjHAaK, HE3BaXKAr4uu
Ha HasBHICTH 0araTboX €HEepro30epirarouMx TEXHOJOTiH, IX YNpOBaJKCHHS BUMAarae
BEJIMKUX KaIliTaIbHUX 1HBECTHUIIIH 1 YaCTO CYNPOBOPKYETHCS a/IalTallie€r0 MOPTOBOT 200
CYIHOBOT iIHQPACTPYKTYPH;

— BUKOPUCTAHHSl allbTEPHATHBHUX BWIIB MAJMBA. 3PI/PKCHHH TPUPOTHHN Ta3
(3II'), MeraHON 1 BOJCHH MPOIMOHYIOTHCS SIK allbTEPHATHBHI BUJM TIalMBa, aje iX
BUKOPHUCTAHHSI CTPUMYEThCS BapTICTIO HEOOXiHOT Momudikaiii CHIOBHX yCTaHOBOK,
a TakoXX 0OE3IEeKOI0 I Yac TPaHCIIOPTYBaHHS 1 30epiranHs;

— eKOJIOTIYHI PU3UKHU Ta OLiHKA BUKKIB. [Topsiy i3 mpo0aeMO0 BUKHIIB CO, oco-
OnuBy ponb Bigirpae Koutponb BukuaiB NO Tta SO, sIKi MarOTh 3HaYHUH BIUIMB Ha
exocructeMu nprudepexxanux perioniB. Cy4acHU# CTaH CIpaB BUMarae po3poOKH HOBUX
CTparTeriii MOHITOPHUHTY Ta KOHTPOJIIO BUKUIIB B yMOBax ekcruryatarii [8; 10].

AHaJi3 ocTaHHIX Hociaimkenn i myosikamiii. OcTaHHI TOCHIKCHHS TOKa3ylOTh,
110 eHeproeeKTUBHICTh Ha CyJHaX HaOyBa€ Bce OUIBIIOTO 3HAYCHHS Yepe3 IMOCHIICHHS
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CKOJIOTTUHUX CTAHJAPTIB, a TAKOX CKOHOMIYHI BUTOJIU BiJI CKOPOUCHHS CIIOKHBAHHSI
nanuBa. 30kpema, MiKHapojHa MOpCbKa OpraHi3allisi BcTaHOBWIIA [HIIEKC eHeproe-
¢dexruBHOCTI poektyBanHs (EEDI) ta [1nan ynpasmiHHS eHeproe)eKTHBHICTIO CyIHA
(SEEMP) six 0cHOBHI HOpMaTHBHI BUMOTH JI0 CY/JTHOIIIABCTBA JJIsi CKOPOUCHHS BUKHJIIB
CO, Ta IiJIBUIIICHHS ¢(PEKTUBHOCTI BUKOpUCTaHHs nanuga [6; 7; 8; 20]. BipoBamkeHHs
HU3BKOBYIVICIIEBUX Ta 3aMiHHUX BUiB nanusa (3I1I, MeTaHom, BOIEHb) € EPCIIEKTHB-
HUM HampsiMOM, ajie BUMarae aJlanralii CyJJHOBUX EHEPreTHYHUX YCTAHOBOK Ta ITOPTO-
Boi iH(pacTpykrypH [11; 13; 15].

OxpiM HOpPMAaTUBHO-TIPaBOBOI 0a3M, MOCII/KEHHS aKIEHTYIOTh yBary Ha iHHOBa-
HIHHUX TEXHIYHUX PIMICHHSIX JJIs ONTUMI3allii EHeproCnoKUBaHHs cyiaeH. Hanpukian,
BIIPOBA/DKEHHSI NU(PPOBHUX JBIWHUKIB, MPEIUKTUBHOI aHAIITHKH Ta CHCTEM MAalllWH-
HOTO HaBYAHHS MOXKE IMiJBUIIATH ¢(DEKTUBHICTH YIPaBIiHHSI SHEProCIOXKHBAHHIM Ha
cymHax [16; 17]. JlocnmipKkeHHST TaKoK BKa3ylOTh Ha Te, IO ONTUMI3allisi MapipyTiB
1 IBHUIKOCTI MOXE CYTTEBO 3MEHIIIUTH CIIOKUBaHHSI Majuea Ta Bukuau [3; 12]. Hampu-
KJIaJ, OCTaHHI JaHi TOKa3ylTh, 110 Taki Karajiizaropu, sk SCR, MOXyTh 3MEHIIUTH
Bukuu NO , a MIa3MOBI NAJILHUKU — BUKU/IHM BijnpaiboBaHux rasis [18]. BogHouac
OIIIHKa BUKH/IIB 1 BIUTUBY CYJHOIUIABCTBA HA HABKOJIMIIHE CEPEJOBHUIIE 3aTUIIAETHCS
KPUTUYHO BaXKITMBOIO C(EpOI0 JOCHTIHKEHb, BKIIOYAIOYH aHAalli3 3HMKCHHS BMICTY
CIpKH B CYJJHOBOMY TaJIMBi Ta HOT0 BIUIMBY Ha MOPCHKi ekocucTemu [17; 19-22].

JocmipkeHHsT OOTPYHTOBYIOTh TOW (DakT, 110 MMOEJHAHHS HOBUX TEXHOJOTIH, allb-
TEpPHAaTUBHUX BUJIIB manuBa Ta mpaBui [IMO m03BONHUTH Jy)e CYTTEBO ITiIBUIIUTH
eHeproeeKTUBHICTh Ta MOM’SIKIIUTH BIUIUB CYIHOIUIABCTBA HA HABKOJHIIHE CEpe/l-
opuie. OjHaK yce Iie MOTPIOHI MOAabIli eKCIePUMEHTAIbHI JOCTIKCHHS Ta BIIPO-
Ba/KCHHSI HOBMX METOJIiB MOHITOPHHTY BHKH/IIB Y peabHUX YMOBAaX EKCILTyaTallii.

IMocTanoBka mpodaeMu. Y HH3II JHKEpET BHCBITIIOIOTHCS MiKHAPOJAHI HOpMa-
TUBHI JJOKYMEHTH, CIIPSIMOBaHI Ha IiJIBUICHHSI eHEProe()eKTUBHOCTI CYJIEH, 30KpeMa
IMO Tta innexcu eneproedexruBrocti (EEDI, SEEMP). O6roBoproroTbcsi pekoMeH/ 1a-
1[i1 Ta BUMOT'H JI0 MOPCBHKOTO TPAHCIIOPTY IIOA0 CKOPOUCHHS BUKHIIB TAPHUKOBUX Ta3iB
1 TIOJTIMIIIEHHS KOJIOTIYHHUX TMOKA3HUKIB CyJIHOIUIaBCTBA [24; 28].

[pencrasieni poOOTH MPUCBIYCHI BUKOPUCTAHHIO T1OPUIHHUX JIBUTYHIB, HU3bKOBY-
IJICLIEBUX Ta ANBTCPHATHBHUX BHUJIIB MAJIHMBA, TAKUX SK CKPAIJICHUH NPUPOTHHI ras,
METaHOJI 1 BOJICHb, & TAKOXK TEXHOJIOTIH yioBItoBaHHs Byrviemto [30; 32].

3 omisay Ha BHIE3a3HAUCHE, BHHUKAE HEOOXIAHICTH PO3POOKH KOMILICKCHUX
pillieHb, Y TOMY YHCIIi:

® BIPOBA/KCHHS KOMOIHOBaHMX CHCTEM YIPABIIHHS E€HEProeeKTUBHICTIO, IO
MOEIHYIOTh MEXaH14Hi, XIMIUH1 Ta U(POBI TEXHOJIOT;

e omnTuMi3allisl poOOTH CYIHOBHX CHEPreTHYHUX YCTAHOBOK 13 3aCTOCYBaHHSIM
IHHOBAIIHUX TEXHOJIOTIH, BKJIOYAIOUM BUKOPUCTAHHS aJIbTEPHATUBHUX BUJIIB MajInBa
Ta HaHOMaTepiaiB;

® CTBOPCHHS TMIJXOMIB 1 MOJEJCH JUIsl MPOrHO3YBAHHS Ta OI[IHKUA C(EKTUBHOCTI
3alPOINIOHOBAHMX PillleHb, SKI MIHIMI3YIOTh BUKUAM NPU MaKCUMi3allii eKcIuTyaraiiii-
HHUX XapaKTePUCTUK CY/ICH.

®opmyaoBanHs nijeil crarri. OCHOBHOIO METOIO JOCTIJDKEHHS € PO3poOKa
Ta ONTHUMI3allisi KOMOIHOBAHMX TEXHOJIOTIH MiJBUIICHHS CHEProePEKTUBHOCTI CYJIEH,
SIK1 JIO3BOJISITH OJTHOYACHO 3MEHIIUTH CIIOKUBAHHS MAlIMBA Ta BUKHIU IIKIJJTHBHX
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pEUYOBHUH, 3a0€3MEYHBIIH BIIMOBITHICTh CYYaCHUM €KOJIOTTYHHM BUMOT'aM; MeTa pOOOTH
BKITIOUa€ B ceOe aHai3 iCHYyIOYHX TEXHOJIOT1H, po3po0Ky HOBHX METO/IiB MOHITOPHHTY,
KOHTPOITb BUKH/IIB Y peaIbHUX YMOBaX EKCILTyarTarlii.

Buxkiaan ocHoBHOro marepiaay. MikHapogHa KOHBEHIIIs i3 3armo0iranHs 3a0pya-
HeHHIo 13 cyneH (MARPOL) € oHUM 3 OCHOBHHX PEryJsTOPHUX iHCTPYMEHTIB, CIIps-
MOBaHUX Ha 3aXUCT MOPCHKOTO CEPEIOBHIIA Bl 3a0pyIHEeHHS 13 cyaeH. Pazom i3 Mixk-
HApOJIHOIO KOHBEHITI€I0 3 OXOPOHH JItofIchKOoro HTTs Ha Mopi (SOLAS) MARPOL ke
€ MI>KHAPOTHOIO OCHOBOIO €KOJIOTTYHOT Ta eKCITyaTaliifHo1 6e31ekn MOPChKHX MepeBe-
3eHb. Li qokymeHTH Oynu po3pobieHi MixkHapoHOI MOpchKoto opraHizatieto (IMO)
1 BiIrpaj iy BaXKIIMBY POJIb Y PO3BUTKY HOBHX TEXHOJIOTIH Ta MiIBUIIEHHI eHeproedek-
THUBHOCTI CYJICH.

Ha pucynky 1 nokazaHo cTpykTypy BHKHUIB ABOOKUCY Bymieiio (CO2) y pisHHX
CEKTOpaxX EKOHOMIKH, JIe BHJIHO, 110 HaWBaromimuii BHecok y Bukuau CO: poOUTh
cekTop BUpOOHHUIITBA eHeprii (35 % uepe3 CIOKUBAHHS BUKOIHOTO MajuBa (BYTiJLIs,
HaQ)TH Ta MPUPOIHOTO raszy)). [Apyre micie mocigae npoMuciioBictsh (23 %), BUKUIU
SKO1 TIOB’513aH1 3 BUPOOHWYHM TIPOLIECOM Ta BUKOPUCTAHHSIM TEILIA.

Ha tpancriopTHHII cexTOp (BKJIIOYHO 3 MOPCHKMM TpaHCIOpTOM) Ipumnagae 15 %
[[LOTO TIOKA3HUKA. Y 11 KaTeropii BUKKUIM BUKOITHOTO IMAJMBa € PE3YJIbTaTOM CIIaJIkO-
BaHHJ [TaJIMBa y JIBUT'YHAX aBTOMOOIIB, JIITaKiB 1 cyneH. MOpPChKHIA TPAHCHIOPT € OJTHUM
i3 HaHOIBII SHEPrOEMHUX BHJIIB TPAHCIIOPTY, TOMY OCOOJIMBO BaXXJIUBO PO3POOISTH
HOBI TEXHOJIOTI JUIs MiJIBUILCHHS €HEPrOe(PEKTUBHOCTI CYJICH.

Global COz Emissions by Sector

Buildings
Agriculture

Other

Transport

Energy Production

Industry

Puc. 1. Inobanvni euxuou CO: 3a cexkmopamu (cKradeno asmopamu
3a 0aHuMu cmamucmuyrux oxcepen [2-8])

Sk mokaszaHo BHMIIIE, pelliTa BUKHIIB MPHUIAAAE HA CUIbCbKe Tocrogapctso (12 %),
oyxisimi (8 %) Ta iHui mxepena (7 %). Ls ricrorpama mikpeciroe, 1o, He3BaXaryl Ha
BiZTHOCHO MEHIIIMI BHECOK TPAHCIIOPTY y IM00aIbHI BUKHIY MOPIBHSHO 3 EHEPTETUKOIO
Ta MPOMUCIIOBICTIO, BiH 3aJIMIIAETHCS KIFOUYOBOIO CEepOIo IS BIPOBAKEHHS 3aX0/1B
31 3MEHILECHHS BYIJICLEBOTO CIiy.
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OCHOBHI IHCTPYMEHTH YIIPaBITiHHS €HEPro30epe:KeHHSIM MPECTABICHI HA PUCYHKY 2,
SIKMH CKJIQJICHO aBTOpPaMH Ha OCHOBI arperoBaHuX JaHUX i3 jpKepen [2—8], mo oxoruto-
FOTh YCEPEIHEeHI TTOKAa3HUKHU ITI00ATLHOTO PO3MOALTY BUKHU/IIB 33 OCTAHHE JICCATUPIYYSL.

EEDI ﬁ
Bumoru IMO I Bnnue
OuiHKa ederTUBHOCTI
PerynsaropHi 3MeHIWeHHs BUKKUAIB
— EEOI =
CTaHAapTH co,
MpoekTyBaHHA cyaHa
|. X 13B'R30K
OnTumiszauis
SEEMP
OnTuMisauis poboTn——>| 3MeHIeHHs BUTPAT
NigsuuieHHA nanbHoro
eHeproedeKTUBHOCTI L_p.,{m,.h-ﬂp.,mrﬂ
. ) JIET
BumipioBakna Bukuaie Auaniz edekTusHoCTi
Crparerii nokpaweHHsa
\ N AHanisz cyaHa B
v " excnnyarauii
Po3paxyHok TOHHO-MUAL Auania

MnaHyBaHHa peiicis

Ouinka MaplpyTty

Puc. 2. Ocnosni incmpymenmu ynpaenints enepeoeqhexmusHicmio
(asmopcovka po3pobka)

Innexc eneproedexruBrocti mpoektyBanus (EEDI) Ta [Tnan ynpasninas eHeproe-
(exrusHicTiO cynHa (SEEMP) € omarMu 3 000B’SI3KOBHX TTOJIOKEHB IIOJI0 €HEPTroe(eK-
THUBHOCTI, BCTAaHOBJICHNX KoMmiTeTOM 13 3axucTy MOpchkoro cepenosuma IMO (MEPC).
EEDI BcTaHOBII0€ MiHIMaJIbHUN PiBEHb €HEProe(eKTUBHOCTI i1 HOBUX CyACH, CTH-
MYJTIOIOUM PO3POOKY IHHOBAIIWHUX KOHCTPYKITH 1 TEXHOJOTIH IJIsl 3HIIKCHHS CIIO-
xuBanus namusa i BUukuaiB CO,. SEEMP — 1i¢ iHCTpYMEHT €HEPTOMEHEKMENTY ISt
CyZIEH, 110 TepeOyBaroTh B €KCILIyaTallii, IKUid mepeadadae CTBOPESHHS MeTaTbHUX IIIa-
HiB ITiIBUIIICHHS €HeProe(EKTHBHOCTI Ta MOHITOPHHT TIPOTPECY.

Innexc EEDI mpusHadeHWi a7 BUMIPIOBAHHS IMPOEKTHOI €HEProe(eKTUBHOCTI
HOBUX CydcH. BiH po3paxoByeTbes sk BimHomeHHs BUKHIIB CO: (TpaM) 0 iHIEKCY
TpaHcropTHOI poboTH (ToHHO-MUJIs). EEDI MoXHa po3paxyBaTh TAKUM YHHOM:

DW'I/rcf'fw'f;:

FEEDI = >
>(CF,-SFC,- B~ f,.- 1, /)

(M

ne CF, — koe}ilienT nepepaxyHKy ByIIELO i i-20 naiusa; SFC, — matoma BuTpara
namuea i-o oeueyna, (r/kBr-rom); P, — IOTYXHICTb i-i CHIOBOi ycTaHOBKH (KBT);
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DW — nenseiit cyaHa ("leH); V., ¢ — WBHIKICTb Cy/HA Ha I.BI/IHpO6YBaHHHX (By3'n113); fo—
KOPUI'yBaJIbHUI KOEDILIEHT IIOrOIHUX yMOB; [ — KOE(DILi€HT 3aBAHTAKEHOCTI Cy/IHA.

S (CFSFC- B, £ 7). ©

,
J,,,— TONpaBOYHMI KOE(DILIEHT HA eKCIUTyaTalliiiHi yMOBH CyAHA (XBUJIIOBaHHS, BiTep),
Jf;— KoediuienT BIIMBY iIHHOBALIHHUX TEXHOJIOTIH (HATIPMKIIA], OMIIIIIEHa a€po- 1 IiIpo-
JMHAMIKa), ]; — MOTMPaBOYHHUN KOe]iLlieHT Ha e()eKTUBHICTH NPOITYILCHUBHOI YCTaHOBKH.

[Tnan ynpaiinns eHeproedekrusHicTio cynHa (SEEMP) — ne mnan, mo mMicTuTh
3aXO/I¥ 1 IIPAaKTHKH, CIIPAMOBaHI HA CKOPOYEHHs CNOXMBAaHHA nanusa i Bukuais CO,.
SEEMP oxomuiroe Taki NpakTUKU:

* ONTUMI3aLisd MapmpyTy: 0a3yeThCs Ha MOTOTHUX JAHUX 1 ONTHMI3y€ MapIIpyTH,
100 MiHIMIi3yBaTH OIip BOAM;

* 3HIKCHHS IIBUAKOCTi: €KCIIEPUMEHTH MOKa3yloTh, Mo 30 % CKOpoueHHs cIio-
JKUBaHHS MaJIbHOTO JOCITAETHCS 32 YMOBH 3HIKEHHS IIBUAKOCTI pyxy Ha 10-20 % Bix
MOYATKOBOI IIBUAKOCTI;

* TMIOKpAIICHHS CTaHy KOPIyCy: OYMIICHHS KOPIYCYy Ta HAHECEHHS Cy4YacHUX
MOKPUTTIB 03BOJIsIE €PEKTUBHO 3MEHILUTH OITip TEPTSL.

EEOI € mie oaH1M KIIFOYOBUM CTPYKTYPHHM €IIEMEHTOM CHCTEMH YIPaBIIiHHS €Heproe-
(exruBHicTIO Ha cyaHax. Llei mokasnuk OyB pozpobmienuii IMO 3 MeTOro OLIHKH €eKTHB-
HOCTI Cy/IeH y IPaKTHYHHUX yMOBax ekcrutyaraii. Ha Binminy Bix EEDI, skuit pokycyerses
Ha MPOeKTHHUX XapakTepucthkax, EEOI no3Bosie cyTHOBIaCHMKAM 1 oriepaTopaM OLUHIO-
BaTH CIIO)KUBAaHHS €HEprii Ha OCHOBI (JaKTUYHMX PEHCOBHX JAHMX 1 BUKOPHUCTOBYBAaTH iX
JUTsl KOpUTYBaHHS exciutyarauiinux npaktuk. EEOI po3paxoByeTsest 3a Takoro (opMyIoro:

> (FC,-CF)
Z(mf : D,) ’

ne FC, — cnoxkuBanHs i-ro Buay nanupa (TouHn); CF, — koe(illieHT nepepaxyHKy ByT-
JIELHO JUTA i-T0 6U0Y nanuea; m, — Maca BaHTaxy (ToHu); D, — npoiaena Bincranb (Mop-
ChKI MUJT).

I'padik Ha puCcyHKY 3 UIIOCTpPYE TEHACHIIIO CKOPOUCHHS BHKHIIIB JIBOOKUCY BYT-
nemo (CO,) Ha MOPCBKOMY TPaHCIOPTi 3 MOMEHTY 3alpOBaLKEHHs [HIEKCY eHeproe-
¢dexruBHOCTI IpH nipoektyBanHi cyneH (EEDI). Jlinis, mo3HaueHa sik «ba3zoBi BUKuaN
(6e3 EEDI)», nokasye piBeHb BUKHUJIIB 0€3 3aX0/(iB 3 eHeproe)eKTUBHOCTI, JIe CIIOCTE-
piraeThbest IUIle HE3HAYHE CKOPOUYCHHS 3aBJISIKU TIOCTYIIOBOMY BJIOCKOHAJICHHIO CHCTEM
JIBUTYHA Ta EKCILTyaTalliiHUX MPAKTHK.

JaHi, npencTapieHi Ha puc. 3, OTpHUMaHi Ha OCHOBI BJIACHUX aHAJIITUYHUX PO3-
paxyHKIiB aBTOpIB i3 3aCTOCYBAaHHSM JaHUX JUIsl y3arallbHEHUX XapaKTePHCTHK TPhOX
THUIIIB CyJIeH: KOHTCHHEPOBO3iB, OANKEPIB Ta MACAKUPCHKUX CyleH. 3HAYCHHS € cepe/l-
HIMH JIJIsl TUIIOBHX ITPEJICTABHUKIB KOXKHOI Kareropii.

JIiHil TpeHly BKa3ylOTh Ha 3HAYHE CKOPOYCHHS BUKHIIB 3aBiasku 3axomam EEDI,
npuyoMy 0a30Bi BUKHIM 3HIKYIOTHCS TIOBIJIbHIIIE, 8 BUKH/IM, ONTHMI30BaHi 3a JIOIO-
moroto EEDI, 3HiKkytoThCs O01b11 pi3ko, Maiixke Ha 40 % Bijx 6azoBoro piBHs 2013 poky
110 2050 poky. ToMy BKJIFOUEHHS IIPOTHO30BaHUX TEHACHIIIH J1a€ OLIbII YiTKE YSBICHHS
PO JIOBFOCTPOKOBUH BIUIMB, MiJKPECIOIOYN HEOOXiJHICTh MOJNANBIIOr0 BIIPOBA-
JUKEHHSI eHeproepeKTUBHUX TEXHOJIOT1H Ha MOPCHKOMY TPaHCIOPTI.

EEOI = (3)
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- —e-- Baseline Emissions (Without EEDI)
—a— Emissicons with EEDI

100 -

CO: Emissions (% of 2013 Baseline)

 20%

o o
o
& °

30 T

Year

Puc. 3. Cropouenns euxuodie CO: 3 yacom 3a80saxu 6npogadicennio EEDI

Jlyist GLbII TOYHOT OLIHKKA €HEeproe(EeKTUBHOCTI MOPCHKOIO CyaHA IOLIILHO Oye
3aCTOCYBaTH AMHAMIYHY CHCTEMY PiBHSIHB, SIKa OMUCYE B3AEMO3B’ A30K Mi’K OCHOBHUMHU
eKCITyaTallifHUMHU TTapaMeTpaMu: BUTPATOI0 TanuBa, BUKuAaMu CO: Ta TpoiaeHO0
BificTanHO. Hik4e HaBeneHO KITFOYOBI MAaTeMaTHYHI 3aJICKHOCTI, IO MOXYTh OyTH
IHTETPOBaHI B IHTEJIEKTYaJIbHY MOJIENTh MOHITOPHHTY NAMBHOT €(DEKTHBHOCTI B PEXKHIMI
peanpHOTO Yacy.

PiBHSHHS BUTpaTH IMainBa 3aJIC)KHO BiJI ITBUIKOCTI Ta MIOTOTHUX YMOB

dr(n _

7——kl V@) +ky - W)+ k- Ti(1), 4)

ne F(t) — BuTpara nmanuBa B MOMEHT uacy; (tVt) — mBuakicts cyana; W(t ) — Brums
BITPY; (Tft) — MaJUBHUK KOEDILLiEHT. k k), k, — KOe(DillieHTH, 110 BU3HAYEH] EKCIIEPH-
MEHTaJIbHO Ta CTOCYIOThCSI IEBHUX THIIB CyACH: KOHTEHHEPOBO3iB, OaJIKepiB Ta raca-
KHUPCHKUX CYICH. 3aJIeKHICTh € CHPOIICHOIO Ta allPOKCUMY€E BUTPATY MaJliBa B MEXKaX
00MEKEHOT0 Jiana3ony MMBUAKOCTEH. Y OLIbII 3aralbHOMY BUIAJKY OMIp MPOMOPLiii-
HUH KBaJpaTy LIBHIKOCTI, & MOTYKHICTB — i1 KyOy.

3anexHICTh € CHPOLICHOI0 Ta allPOKCHMY€E BUTpaTy MajliBa B MeXax 0OMEKEHOro
niarma3ony mBuaKocTed (tTumoso £ 10—-15 % Bijx HOMIHAJIBHOI), JIe JTiHIMHA 3aJIeKHICTh
MoXe OyTH NIPUHHSTHOIO 7151 OTIEPATHBHOI OLIHKU. Y O1NIbII 3arajlbHOMY BUIIAIKY OIIip
MPONOPLIHHUNA KBaApaTy MBUAKOCTI, a MOTYXHICTh — KyOy.

PiBustnnst 3minu BukuziB CO:z:

Eqo, (1) = F(1) - K,(7) - €, %)

ne: E_, (t) — Bukuan CO2 y MomeHT uacy t, F(t) — 6a3zoBa BUTpara najnusa (HanpH-
KIIaJ1, JUIs 9UCTOro Koprycy), K, (t) — koedilienT crany Kopirycy (00pocTaHHs, KOpo3ist
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TOIIO), € — eMiCiliHMI KoedimieHT (Jyis au3esbHoro nanusa ~ 3.114 kr CO2/kr nanugsa).
BpaxyBaHHs cTaHy KOpIlycy OOIpyHTOBaHE THUM, IO OOpOCTaHHS a00 MOIIKOIKEHHS
KOPITyCYy TiJIBUIILYIOTh T'1IPOIUHAMIYHHAHN OIIip, 10, CBOEIO YEProlo, 301IbIIY€E BUTPATH
MaJNBa, SIKE € €JUHUM JpKepesioM Byrielio 1t COo.

Toxi moka3HUK eHeproe(heKTUBHOCTI Oyl MaTh BUIVISIL

D(t
F(t)(~ )CF ’ ©)
ne E(t) — nokasuuk eneproeektuBHOCTI; D(t) — npoiiieHa Bijictanb; CF — koediieHT
HepepaxyHKy ByIJICLIO.

Cucrema piBHSHbB JJIs IPOTHO3YBAaHHS CHEProe(eKTHBHOCTI:

E(f) =

@z—kl -V(t)+k2-W(t)+k3‘Tf(t)M: _bw (7
dt dt F@)-CF

Hagenena cucrema J103BOJISIE pO3paxyBaTy K MOTOYHY, TaK 1 MPOTHO30BaHy e(hek-
THBHICTh BUKOPHUCTAHHS CYITHOBOTO TAJMBA, a TAKOXK N1a€ 3MOTY OIIHUTH EKOJOTIYHI
HacHiikd. [HTerpanis mux piBHsIHb y IMdpoBUii NBiitHUK a00 TIaTGOpMy MOHITOPHHTY
Cy[lHa TaKOX 3/1aTHa 3a0€3MeUNTH NPUIHATTS PillieHb y peaJbHOMY 4aci Ta popmyBaru
ONTHMAJbHI MapIIPyTH MEPEXOIy 3 ypaXyBaHHSAM IOTOJHUX YMOB, TEXHIYHOTO CTaHY
CyIHA Ta CTpaTeriii eHepPro30epeKeHHS.

PesynbTatn pocaigaxenHs. OCKUTbKY CYTHOIUIABHA Taily3b MparHe 3MEHIIUTH CBii
BYIJICTICBHUI CJIIT 1 BiIOBIIaTH MDKHAPOTHUM cTaHaapTam, TakuM sk MARPOL Ta mipa-
Buwiia IMO, BuHnKae notpeda B HOBHX IMiJIX0/IaX, SKi 3a0e31eyarh BHCOKY eHeproe()eKTHB-
HICTh Ta EKOJIOT1UHY CTIHKICTh. [CHY€ meKkinbKa MUIIXiB JUIT JOCATHEHHS 1TuX 1iten. Jlami
3aIpOTIOHOBaHI METOAH, CIIPSMOBAHI Ha MOKPAIIEHHS €KCIUTyaTalliiHIX XapaKTePUCTHK
Cy/HA, 3MCHIIICHHSI CITOKUBAHHSI TTAJIFBA Ta MiHIMI3aIlif0 BUKHIIB TAPHIUKOBUX Ta3iB.

3 METOIO MiABUIIEHHS €HeProeeKTUBHOCTI MOPCHKHX CY/IEH, 3 OIVISAY Ha CydacHi
BHMOTH IIOJO 3MEHIIECHHS BUKHUIIB Ta IJABHUINECHHS E€KOHOMIYHOI HOIJIBHOCTI €KC-
TTyaTalli CyJeH, akTHBHO PO3POOIISIOTHCS Ta BIPOBAKYIOTHCS 1HHOBAIIIMHI TT1AXOH.
OCHOBHI HanPAMHU PO3BUTKY TAKUX TEXHOJIOTiH MpencTaBieHi y Tadmumi 1.

o-F(@t)+p-SE)EE(?) =

Tabmnms 1
OCHOBHi HANPAMM PO3BUTKY (METOIM) MiIBUIIIEHHS eHeProe(eKTHBHOCTI CyleH
Hanpsim po3Butky / Meton Kurouosi enementn / OcodauBocTi
Buxopucranus mudpoBUX TEXHOIOTIH CrBOpeHHS MU(PPOBUX ABIHHUKIB CY/IEH TSI MOHI-

TOPUHI'Y B PeajbHOMY 4aci Ta KOpeKIii mapame-
TpIB iX eKcIuTyaramii
3acToCyBaHHS METO/IiB MAIIMHHOTO AJNTOPUTMH MalIMHHOTO HABYAHHS JUTS BUSIB-

HaBYaHHSI JIEHHS IPMXOBAHMX 3aJI€)KHOCTEN Ta ONTUMIi3amii
YIPaBIIiHHS ATHMBOM

Iepexin Ha ansTepHaTUBHI BUIM nanuBa | MozemoBanHs pobotu cyaeH Ha 11T, BoxHi,
METaHOJi 3 BUOOPOM ONTUMAILHOTO BapiaHTy ajis
YMOB €KCILTyararii

KombinoBaui cTparerii ynpasninas edep- | Ontumizanis MapLIpyTy, 3HHKEHHS IIBUIKOCTI,
roe()eKTUBHICTIO BJIOCKOHAJICHHS KOPITYCY 1 KOHCTPYKLII TBUHTIB
JUIsl 3MEHIIICHHS CTIO)KMBAHHS T1aJIlBa

Po3pobxa MaTeMaTHIHIX MOZETEH UL BpaxyBaHH: ITOroTHIX YMOB, BU/IIB ITAJIMBA
MPOTHO3YBaHHSI €HEProeECKTHBHOCTI Ta 3MIHY IIBUKOCTI Cy[HA /IS MiHiMi3amii
BuTpart i BUKHAIB CO:
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BukopucTaHHS TakuxX IiJIXOMIB JIO3BOJISIE HE JIMIIE CKOPOUYBATH BUTPATH TallMBa
i excrutyaTaliiiHi BATpaTH, a i akTUBHO BIJIIOBIIaTH HA CydacHI SKOJIOT1UHI BUKIIUKH.
A 3acTocyBaHHs MOjeNeH, aHANITHYHUX AJITOPUTMIB 1 METOJIB aJalTHBHOTO YIIpaB-
JIHHS 3arajioM CTBOPIOE OCHOBY JJIsl IEPEX0Ty MOPCHKOTO TPAHCIIOPTY Ha HOBHI PIBEHb
e(eKTHBHOCTI i CTANIOTO PO3BUTKY.

Ha pucynky 4 nmoka3zaHo 3aJ1e)KHiCTh BATPATH MaJIMBa BiJl BUIKOCTI Cy/IHA 32 PI3HUX
BiTpoBHX yMOB. CHHI JTiHIT BinoBiga0Th yMoBaM ciabdkoro Bitpy (Low Wind, 0.5x),
a 4epBoHi JIiHIT — yMoBaM cuibHOTO BiTpy (High Wind, 1.5x). 3amrpuxoBana obnactb
MOKa3ye Jiana3oH 3MiHM BUTPATH MaNWBa 3aJI€KHO Bijl BITpOBHX yMOB. Ha HHM3BKHX
HIBUJIKOCTSAX BIUIMB BITPY Ha BUTpATy MaIMBa MiHIMAIBHUIH 1 BUTpaTa 3p0CTac JiHIHHO
31 30UTBIIEHHSIM MBUAKOCTI. [1i/1 yac CHIBHOTO BITPY 301IBIICHHS BUTPATH MaJHBa CTA€E
OLTBII BUpaKEHUM Ha BUCOKMX IIBUAKOCTSX. 3allITPUXOBaHA 00JacTh MMOKA3ye jiamna-
30H, B SIKOMY MO’K€ 3MIHIOBATHCSl BUTpATA MAJIMBA y Pa3i 3MiHH BITpoBUX yMOB. Lle mif-
KPECIIOE BaXKIIUBICTD ypaxyBaHHS MOTOMHUX (aKTOPIB y IUIaHYBaHHI peicy i BUOOpi
ONTAUMAJILHOI IIIBUIKOCTI.

VY pasi nepexo/y Ha cepeiHi MIBUKOCTI BILTUB BITPY IMMOCTYIIOBO 3pOCTAE, 10 3yMOB-
JIFO€ 30UTBIICHHS PO3KHTYy 3HAUYCHb BUTPATH NalbHOTO. Lle MosiCHIOEThCS THM, IO OTTip
BOJIM 1 TIOBITPsI IOYMHAE Bi/IirpaBaTé 3HAuYHY poib Yy GOpPMyBaHHI 3arallbHOTO eHepre-
TUYHOTO OanaHcy cyaHa. B yMOBax CHJIBHOTO BiTPY HAHONTHMAIBHIIIOI CTPATEri€lo
MOXe OyTH BHOIp KOMIIPOMICHOI HIBUAKOCTI, IO JIO3BOJUTh MIHIMI3yBaTH BUTpPATH
najuBa 0e3 3HAYHUX 3aTPUMOK Y Tpadiky MepeBe3eHb.

Fuel Consumption vs Speed under Different Wind Conditicns

0.30 7'— Low wind (0.5x)
=== High wind (1.5x}
0.25 - WING ETECERAINTEL e eronsmsiisms b e S s B
------ Mean {(Low Wind)

0.20 s

0.15 4

FO 1 T T T T B P T P e P e P PP P PP P PE PP PPEPRY

0.05 4

0.00 +

Fuel Censumption Rate (arbitrary units)

—0.05 - - o

—0.10 -

6 8 10 12 14
Speed (knots)

Puc. 4. Bnaus weuoxocmi ma 6impy Ha sumpanty naiuea

Ha pucynky 5 mokasano esomoniro Bukujis CO, 3a1€XkKHO BiJl CTaHy KOpITyCy 3 TLIH-
HoM yacy. [TomaparyeBa miHist ipencTasise nmporHo3osani Bukuan COz, a 3aIITpUXOBaHA
00IacTh IOKa3ye MOMKIIMBI KOJIMBAHHS BUKHIIB y Mexax = 10 % Bi1 cepelHhOro 3HaYCHHSI.
3amTprxoBaHa 0051acTh TIOKA3y€, HACKUTBKY BUKUAIN MOXKYTh KOJIIMBATHCS 32 PI3HUX YMOB
eKCILTyaTallii cynHa, TaKuX sIK 3a0pyITHEHHs KOpIycy Ta morogHi yMoBu. CTaH KOpmycy
MIPSIMO BITDIMBAE HA OITip, IO MTPU3BOAWTH JIO 3MiHM BUTpATH TaJHBA i, BIAMOBIIHO, PiBHS
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COs.. I'padix MOJIEITFOE 111 3MIHHI 3 ypaXyBaHHSIM I[OT0 OMOCEPEIKOBAHOTO BIUTHBY. CepetHs
JiHisT BUKUIB (ITyHKTUpPHA JIiHIs) 3a0e3nedye 0a30BUi piBEHb, 3 SIKUM MO)KHA MTOPIBHSTH
TIOTOYHI 3HAYCHHSI /TSI OIIHKH €(DEKTUBHOCTI EKCILTyaTalliiHAX 3aXO/IiB.

Enhanced CO2 Emissions vs Hull Fouling Over Time

CO2 Emissions
+10% Variability

Mean CO2 Emissions
0.55 1

0.50

0.45

0.40

CO2 Emissions (arbitrary units)

0.35

0.30

[} 2 4 6 8 10
Time (hours)

Puc. 5. Junamixa euxuoie CO: 3anedicno 6io cmamny Kopnycy cyoHa

I'padix prcyHka 6 moKaszye 3aJeKHICTh eHeproe(eKTUBHOCTI BiJ| MPOHACHOT BiJl-
CTaHi 3 IJIMHOM 4Yacy. 3elieHa MyHKTUPHA JIiHis BioOpakae 3MiHy eHeproepeKTHBHOCTI,
a 3alITPUXOBaHa OOJIACTh MOKA3ye Jiarma3oH 3MiHU B Mexkax + 5 %. Eneproedexrus-
HICTh 3MEHIIYETHCS 3 4ACOM Yepe3 30UIbIICHHS OIOPY KOPITYCY, HOTipPIISHHS MOTOIHUX
YMOB 1 30UIBIIICHHS] CIIOKWBAHHS MAIMBA. 3aIITPHXOBAaHA O0JIACTh MOKA3Ye JOMyCTUMI
BiJIXMJICHHSI 3HaY€Hb €HeproepeKTUBHOCTI IIPH 3MiHi 30BHINTHIX YMOB, TAKUX 5K IIIBH/I-
KIiCTh BITpY 1 XBHIItOBaHHS. [IyHKTHpPHA JiHIS CepeHbOTO 3HAYEHHS CIyrye 0a30BOIO
METPHUKOIO ISl OI[IHKK €()EeKTUBHOCTI Cy/IHA Ha PI3HUX JTUISTHKAX MAPIIPYTY.

Enhanced Energy Efficiency Over Time with Variable Distances

...... Energy Efficiency
+5% Variability
...... Mean Energy Efficiency

~200 4
B0 |

—400 -

Energy Efficiency (arbitrary units)

—500

B0 |

Time (hours)

Puc. 6. 3anescnicmo enepeoeghexmusrnocmi 6i0 npoidenoi 8iocmani
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Po3rstHeMo OitbII JieTabHO PO3POOKY MaTeMaTHYHHUX MOJIEIICH /ISl IPOTHO3YBaHHSI
eHeproedekTuBHOCTI. OCHOBHOIO METOIO pO3POOKH MaTeMaTHYHUX MOJIENIEH € MPOTHO-
3yBaHHS TIOKA3HUKIB eHeproe(eKTUBHOCTI CyJHA 3a PI3HUX YMOB ekcrutyatamii. Taki
MOJIETIi JIOTIOMOXYTh BJIACHUKAaM Ta OTlepaTropaM CyJCH NpuiiMaT OUTbII 00TpYHTOBaHI
PpIlIEHHS [IOJI0 MAPUIPYTY, IIBHKOCTI Ta TUITY MAJIMBA, III0 BHKOPHCTOBYETHCH.

[Iporno3yBanHs1 eHeproeeKTUBHOCTI MOXKe Oa3yBarucs Ha TU(epeHIiaIbHuX PiB-
HSTHHSIX, [II0 OTIMCYIOTh 3MiHY CIIO)KMBAaHHS NAJIMBA 1 BUKHUJIIB 3AJIC)KHO BiJl yacy i yMOB
eKcrutyaraifii. ¥ Ta0auil 2 HaBeICHO KJIFOUOBI €JICMEHTH MOJICIICH.

Tabmuus 2
KrouoBi e1temMeHTH MO}IeJIEﬁ
KuiouoBuii
1010 Onnc
eJeMeHT
3MiHa Mozenb BpaxoBye€ HNIBUJIKICTh BITPY, BACOTY XBHJIb 1 TEMIIEPATyPy BOAH, SIKi
MOTOJHMX | BIUIMBAIOTH HA BUTpaTy nanusa Ta BUKHIH CO-. [IporHosu Ha 0CHOBI X
YMOB JTAaHWX JO3BOJIAIOTH KOPUTYBATH MapIIPyT JJIs MiHIMi3aIlil 30BHIITHIX BIUTUBIB.

Bukopucranns | Kooxanii Tun nanvsa Mae cBiif koedillieHT nepeTBOpeHHs Byvierto. Moyeni Bpa-
PI3HUX BHIIB | XOBYIOTB IIi BIIMIHHOCTI JJIsI TOYHOTO TIPOTHO3YBAHHS BUKHIIIB Ta OIITHMIi3arlii

naJInBa CIIOYKMUBAHHSI TAJIMBA Y pa3i BUKOPUCTAHHS aJIbTEPHATHBHUX BUJIIB AJINBA.
3MiHa OnTrManbHa MIBHIKICTH 3aJISKUTH BiJl CTAHY MOPSI Ta IMOTOIHUX YMOB.

mBHAKOCTI | Mozenb BpaxoBye 3MiHH MIBUIKOCTI HA PI3HUX TUISHKAX MapIIpyTy, 100
CynHa 3MEHILNTH 3arajibHe CIIOKUBAHHS [1aJINBa.

HoBu3Ha 1mporo miaxomy mojsrae B KOMIUIEKCHOMY MOJICIIOBaHHI €HEProe)eKTHB-
HOCTI. 3amporToHOBaHa CUCTEMA PIBHSHB TO3BOJISIE BPaxXyBaTH JCKiTbKa (GaKTopiB, 110
BIJIMBAIOTH HA CIIOKMBAHHS MMaJIBa Ta BUKUAW: IIBUIKICTH Cy/IHA, TOTOAHI YMOBH, THII
TaJIMBa, 10 BUKOPUCTOBYETHCSA, Ta CTAH KOPITYCY.

[Iporuo3yBaHHS BUKHIB Y PEKHMMI pEATBHOTO Yacy Ta IHIIMX 3a0pYIHIOIOUYHUX Peyo-
BHH JIO3BOJISIE OTIEPATOpaM CyACH 3a37aIeTib KOPUTYBATH MaPIIPYT 1 MIBUAKICTh, III00
MiHIMI3yBaTy BIUTMB Ha HABKOJIMIITHE CEPETOBHIIIE.

BucHoBKH. AanTHBHA cHcTEeMa YIIPaBIiHHS HA OCHOBI JJaHWX, 310paHuX 13 AaT4n-
KiB Ha CyIIHI, JO3BOJISI€E BUKOPHUCTOBYBATH 3aIIPOITIOHOBAHI MOJEII TSI CTBOPCHHS a1arl-
TUBHO{ CHUCTEMH YIIpaBIiHHS, sfika Oyne aBTOMaTHMYHO PEryNIOBAaTH MapaMeTpH CyaHa
3aJIe)KHO BiJ 30BHIIIHIX YMOB.

IneanpHa kapTMHA MaiiOyTHHOTO €HEpro30epeXeHHsS B CYOHOIUIABCTBI — II€ Kap-
THHA, B AKi{ KiJTBKICTh CIIOKUBAHHS TAJIMBA 1 TAPHUKOBUX Ta3iB JIETKO HOPMaJTi3yEThCSI.
[HTerpamnis mporHo3yBaHHS Ta TeXHOJOTIT NU(POBUX NBIHHUKIB € ONHIEIO 3 KIFOYO-
BHX TpoOieM, SKi CTAaHOBIATH BeNWKHUN iHTepec. CymHOTIaBCTBO NU(POBUX JIBIHHU-
KiB JJO3BOJIUTH y PEXKHUMI peagbHOT0 4acy MOJAETIOBATH KUIbKICTh CIIOKUBAHOI €Heprii,
MIPOTHO3YBAaTH MaiOyTHI 3MiHM YMOB eKCIUTyaTallii Ta arpiopi OHOBIIOBAaTH TOYKH, BiJI-
CTaHb, MIBUJKICTH 1 MapIIPYT JJIS MiHIMI3aIlil CIIO)KMBAHHS MajnBa. 3HAYHUNA BHECOK
3pOONATH CHCTEMH MITYYHOTO 1HTENEKTY, 0 BUKOPHCTOBYIOTH TEXHOJIOT1] MAITMHHOTO
HaBYaHHS Ta MTy4HOro iHTenekTy. Lli cucremu OymyTh BHKOPHCTOBYBATHCS SIK IS
TIOTTMHAHHSI 3HaHb, 310paHUX ITiJT 9ac MOTEPEHIX MiCiH, TaK 1 AJIT OTICPaTUBHUX TaHUX
y TIOTOYHOMY PO3TalllyBaHHI, B aBTOMATUYHOMY BIIOPCKYBaHHI CYTHOBHX CHCTEM.

Oxpemoi yBaru 3aciIyroBye po3po0Oka HOBUX TIOKPHUTTIB U KOPITYCIB CyZIeH 3 IMOKpa-
MIEHUMH T1IPOAUHAMITHIMH BIACTUBOCTAMHU. CaMOOUYHUIITYBaJIbHI Ta TPOTHU3HONTYBATBHI
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MOKPUTTSI HUHI TAKOX 3[]aTHI CyTTEBO 3MEHIIIUTH BTPATH Ha TEPTSI, IO JACTH TOIITOBX JI0
EKOHOMIT MajJbHOTO Ta MiJABHUIICHHS MPOAYKTUBHOCTI JBUIYHIB HACTYITHOTO ITOKOJIIHHSI.
[TpuBaOIMBHM HANPSIMOM € PO3BUTOK TiOPHIIIB, B SIKUX KOMOIHYIOTBCS JIBUTYH BHYTPIIII-
HBOT'O 3TOPSIHHSI Ta €JICKTPUYHI SJICMEHTH, SIKUH € 0COOJIMBO YCIIITHUM Y KpaiHax i3 CyBO-
pPHMM 3aKOHOJIABCTBOM 3 IMUTaHb OXOPOHM HABKOJHIIHLOTO Cepe/IOBHUIIA. ICHYIOTh TaKoX
IHIII TJIAHK IIOJI0 PO3BUTKY TEXHOJIOTIH YHMCTOI €Heprii (HampHKIIaa, COHSYHI MaHell,
BITpOTr€HEepaTopy) JJIsl SMCHIIICHHST 3aJIS)KHOCTI BiJI BUKOITHUX BUJIIB ITaJIBa.

Onrtumizaliss MapIpyTiB CyJICH € OJIHUM 3 OIEpaTUBHHUX IHCTPYMEHTIB, IO BUKO-
PHUCTOBYIOTBCSI JUIsl JIOCSTHEHHSI €HEproe(eKTUBHOCTI Ha TpakTHIli. BHKopHcTaHHS
CYIYTHHKOBHX JJAHUX TIPO TIOTO/TY, TeUii Ta cTaH BOJHOT MOBEPXHI BiJ[irpaBaTHMeE MEBHY
POJIb y BU3HAUCHHI HAMOLIbIIT eHeproepeKTUBHOrO MapipyTy. OHAK OJTHOYACHO 3 PO3-
POOKOIO BCe OB IOCKOHAITUX CUCTEM TEIUIOOOMIHY 3’ SIBUTHCSI MOYKIJIMBICTh BUKOPHC-
TOBYBAaTU €HEPrit0 BUXJIOMHUX Ia3iB JIBUTYHIB IS 3aI0BOJICHHS MTOTPEO Cy/HA, 1110 I11e
OlJIbIIIE CKOPOTUTH CIIOKUBaHHS NayinBa. OHIEO 3 TEM JUIsE OOTOBOPEHHS € Mepexija Ha
MaJIMBO TPETHOTO TIOKOJIIHHS (HAIPUKJIIAJ, BOJICHB, amiak a0o 0ioras) i oB’sA3aHi 3 UM
BenruesHi Buku CO, Ta iHIMX 3a0pyAHIOKOYHMX PEIOBHH.

[Toka3HUKHK eHeproeeKTUBHOCTI CY/ICH Y PEKUMI PEaTbHOTO Yacy 3pemTor MaloTh
OyTH y3roJKeHi Ha MXKHApOJHOMY piBHI. Yce 1e He TIJIbKH ITiJIBUIUTH BArOMICTb CY/I-
HOIJIABHUX KOMIIaHiM, aje # CIOHyKaTUME iX aKTUBHO 00’ €JIHYBAaTHUCS, CTBOPIOKOYHU
IHHOBaIIMHI pileHHs. BukoHaHHs BCIX BHIIE3a3HAUCHUX KPOKIB MpPH3BENE 10 3HAa-
YHOTO CKOPOYEHHS BUKHUJIB BYIJICKHCIIOTO Ta3y B MOPCBHKilM iHAYCTpii Ta MiJBUICHHS
KOHKYPEHTOCIIPOMOXKHOCTI CYJTHOBJIACHHKIB 338 PaxXyHOK 3HIKEHHsI COOIBapTOCTI CY/I-
HOTUTABHUX OTICPAIIii.
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Anomauisn

Bcemyn. Oonum i3 necamushux pakmopis, wo enausaionv Ha 006K NiO YAC BUKO-
pucmants 8 CYyOHO8UX OU3EIAX NAIUBA HADMOB020 NOXOOICEHH S, € eMICIs WKIOTUGUX
PeYoBuUH, AKI 6X00amb 00 CKaady eunyckuux 2asie. Came uepes ye 6 eHepeemuiHux
VCMAHOBKAX CYOeH MOPCbKO20 Ma 8HYMPIUHb020 800HO20 MPAHCNOpmMy 6ce Oiiblie
3ACMOCY8AHHA OMPUMYIOMb AIbMEPHAMUBHI NATUBA, 8 TMOMY YUCH NAIUBO OI0N02iY-
HO20 noxodacenns. Boonouac pekomenoayii w000 6UKOpUCMAHHS NAIUBA DI0N02TUHO20
NOXOOJICEHHST He BKA3YIOMb HA 11020 ONMUMANbHI KOHYeHmpayii 6 cymiui 3 naiusom
HaghmMoB020 NOXOO0IHCEHHS, a4 MAKONC He BUHAUAIOMb HAUOLIbU eeKmUBHI pexcumu
pobomu cyoHosux ouzenie nio uac ix excniyamayii na nodionux cymiwax. Lle ¢ cmumy-
JOM OJIs1 NPOBEOEHHS OOCIIOINHCEHb U000 BUSHAUEHHS BNIUBY NAIUBA DIONI02TUHO20 NOXO-
OJfCEHHsL HA eKONI02TUHICMb CYOHONIABCMBA Md eHep20eheKMUBHICIb MOPCbKUX CYOeH,
a makoxc 8uOOPY ONMUMATLHUX PeNCUMI8 eKCHIyamayii cyonosux ouzenié nio uac
BUKOPUCIAHHA cyMiutetl, 00 AKUX 8X00AMb NAIUBA 0i0N02iuH020 nox00xceHHsA. Mema
O00CHIONHCEHHS — BUSHAYEHHS BNIUBY NAAUBA DIOLO2IYHO20 NOXOONCEHHS HA eKCHIyama-
YIUHI NOKA3HUKU poOOmMU CYOHOBUX OU3enie ma po3poOKa peKomeHOayill oo GU3Ha-
YeHHsl 11020 PAYIOHATILHOI KOHYEHMPayii 6 cymiuii ¢ NAIu8oM HADMOBO20 NOXOOINCEH-
Ha. Pesynemamu. Busnaueno, wo cyonosi ouzeii € He auuie OCHOBHUMU MeNno8UMU
08U2YHaMU, AKI BUKOPUCIOBYIOMbCA HA CYOHAX MOPCLKO20 Md 8HYMPIUHBO20 800HO20
mpancnopmy, aie il 0xceperamu 8UKUOI8 WKIOIUBUX PeUOBUH 3 BUNYCKHUMU 2a30AMU.
3asnaueno, wo 3menutents emicii okcudie azony ma OiOKCUdy 8yeneyro MOICIUBe Wiisl-
XOM BUKOPUCIAHHS 8 CYOHOBUX OU3ENAX NATUBHUX CyMiutell, 00 CKIAOY SAKUX 6X005AMb
nanusa dionoziuno2o noxodxcenns. 11i0 uac oocniodcenv, Wo BUKOHYBANUCL HA CYO-
Hoeux ouszensx Wartsila 6132, suxopucmogysanucs namea HaApmosoco noxo0NCeHHs;
RMG500 ma DMAI10, a maxooic ix cymiwii 3 nanueom dionociuozo noxooicens FAME.
byno ecmanosneno, wo nio uac euxopucmanus cymiutell, 00 CKiAdy AKUX BXOOUNb
10-30 % nanusa bionoeiunozo noxooxcenus FAME, emicia okcudis azomy 3Huxicyemocsa
na 11,20-27,10 %, 3a mux sice ymos emicisi Oiokcudy yaneyio 3Hudicyemocs Ha 5,3 1—
19,47 %. Bucnoexu. Bcmanosieno, wo sUKOPUCHAHHS 8 CYOHOBUX OU3ENSX NATUBHUX
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cymiuteti, 00 CKAa0y AKUX 8X00UMb NATUBO OI0I02IUHO20 NOXOOICEHHS, € OOHUM 3i CHO-
co0i8, Wo NiOBUUYIONMb PIBEHb eKOLO2IUHOT CIMIUKOCMI MOPCLKUX CYOeH ma CRpUsiions
eKO002TYHOM) CYOHONIABCMBY.

Kniouogi cnoea: exonociyni noKasHuKu, emicist WKiOIUBUX KOMNOHEHMIB, MOPCHKULL
MPAncnopm, NAAUGHA CYMild, NAAUBO DION02TYHO20 NOXOOINCEHHS, NATUBHA eKOHOMIY-
HICMb, RATUBO HADMOBO20 NOXOONCEHHS, CYOHOBULL OU3ETb.
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Summary

Introduction. One of the negative factors affecting the environment when using
petroleum-based fuels in marine diesel engines is the emission of harmful substances
that are part of the exhaust gases. It is because of this that alternative fuels, including
fuels of biological origin, are increasingly being used in the power plants of marine
and inland waterway transport vessels. At the same time, recommendations for the use
of fuels of biological origin do not indicate its optimal concentrations in a mixture
with petroleum-based fuels, and do not determine the most effective operating modes
of marine diesel engines during their operation on such mixtures. This is an incentive
for conducting research to determine the impact of fuels of biological origin on the
environmental friendliness of shipping and the energy efficiency of seagoing vessels, as
well as the selection of optimal operating modes of marine diesel engines when using
mixtures that include fuels of biological origin. The purpose of the study is to determine
the impact of bio-fuel on the operational performance of marine diesel engines and to
develop recommendations for determining its rational concentration in a mixture with
petroleum-based fuel. Results. It was determined that marine diesel engines are not
only the main heat engines used on ships of maritime and inland waterway transport,
but also sources of emissions of harmful substances with exhaust gases. It is noted
that reducing emissions of nitrogen oxides and carbon dioxide is possible by using
fuel mixtures in marine diesel engines that include bio-based fuel. During the studies
carried out on Wartsila 61.32 marine diesel engines, RMG500 and DMA 10 petroleum-
based fuels were used, as well as their mixtures with FAME bio-based fuel. It was found
that when using mixtures containing 10-30 % of biological FAME fuel, nitrogen oxide
emissions are reduced by 11.20-27.10 %, under the same conditions, carbon dioxide
emissions are reduced by 5.31-19.47 %. Conclusions. It was found that the use of
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fuel mixtures containing biological fuel in marine diesel engines is one of the ways
to increase the level of environmental sustainability of seagoing vessels and promote
ecological shipping.

Key words: environmental indicators, emission of harmful components, maritime
transport, fuel mixture, biological fuel, fuel efficiency, petroleum fuel, marine diesel.

Beryn. OcHOBHUM HEraTHBHUAM (haKTOPOM, IO CYIPOBOJIKYE BUKOPHCTAHHS B CY/I-
HOBHX JIM3EJISIX MMaJHBa HAQTOBOTO MOXO/HKEHHSI, € OTO IIKITTUBHHA BIUTHB HA JIOBKIJLIS.
Hacammnepen 1ie 1oB’s13aH0 3 eMici€ro okcuaiB Ta giokeuay Byriento CO ta CO,, okcn-
niB cipku SO, , a Takoxk okcuiB azory NO,. ¥V 38’43Ky 3 IMM CaMe Lii €KOJIOTi4Hi MoKa3-
HUKHU POOOTHU CYTHOBHX JH3EIIB PEIIIAMEHTYIOTHCS Ta KOHTPOIIOIOTHCS MIKHAPOIHUMH
opranizaiisiMu Ta kinacudikaniiiaumu topapuctBamu [ 1-3].

Bukumu okcunis asotry NO,, a Takox BMICT Cipku S y CyJIHOBOMY NanmBi (sKka
€ JUKEPETIOM yTBOPEHHs OKCHJIB Cipku SO, ) pernaMeHTyroThes BumMoramu Annex VI
MARPOL [4; 5].

Bukuau okeuny Byriento CO Ta TIOKCHTY BYIJICIHO CO2 HUHI HE PEIIaMEHTYIOThCSI
BMMOTaMM MiXKHAapOJHMX MOPCHKMX KOHBEHLIH. IIpu mpomy Bemuuuna CO, € Bu3Ha-
YanbpHOI0 y po3paxyHKy koedinientiB Energy Efficiency Design Index (EEDI) Ta Energy
Efficiency Existing Ship Index (EEXI). 3a Bumoramu Marine Environment Protection
Committee of International Maritime Organization (IMO) Benmuuau EEDI i EEXI st
ICHYIOUHX CYJICH Ta CyJIeH, 0 OyIyIOThCs, MOBUHHI MaTH MiHIMaJbHO MOJIIMBI 3Ha-
geHHs [6—8].

IocTranoBka nmpodaemu. OgHMUM 31 crloco0iB 3a0e3MeUeHHs eKOJIOTIYHOTO CYTHO-
IUTABCTBA, 3HWKEHHS HETaTUBHOTO BILIMBY Ha JIOBKLJLIS, CKOPOUCHHS BUKUJIIB, @ TAKOXK
MiABHIICHHS eHEProe(eKTUBHOCTI € BUKOPHCTAHHS ajbTepPHATUBHHUX BUJIIB IAJINBA,
30KpeMa MajuBa Oi0JIOTIYHOIO TOXO/PKEHHS — O10M3eIbHOTO MmajauBa. bioau3enbHe
MAJINBO 3aCTOCOBYIOTBCS SIK y CTAI[lOHAPHIH, Tak 1 B CyqHOBiH eHepretui. [Ipu npomy
HEMAa€ CUCTEMHOIO IiJXOAY JI0 MOro BUKOPUCTaHHs. BogHo4yac pekoMeHmarii o0
BHUKOPHCTAHHS MaJMBa 010JOT1YHOTO IMOXO/KEHHSI HEe BKA3ylOTh Ha WOTO ONTHMAJbHI
KOHIEHTpAIlii B CyMillll 3 MAJIMBOM HAa()TOBOTO MOXOJKEHHS, & TAKOXK HE BU3HAYAIOTh
HaOLIbI eheKTHBHI peXMMU pOOOTH CYJTHOBHX JHU3EIIB TiJl Yac iX eKcruryararii Ha
noioHux cymimax [9—11]. Lle € cTumysiom Jyist TPOBEACHHS J0CIKEHbD 110/I0 BU3HA-
YeHHS BIUIMBY O10IM3€JBHOTO MaJIMBA HA €KOJIOTIUHICTh CYIHOILIABCTBA Ta €HEpProe-
(DEeKTHBHICTH MOPCHKHX CYJICH, @ TAKOXK BHOOPY ONTUMAILHUX PEKUMIB €KCIUTyaTallii
CYIHOBHX JH3ENIB IIiJ] 9aC BUKOPUCTAHHS CYMIIMIeH, O SKUX BXOAUTH O10AHM3CITHHE
mmanuBo [12-14].

AHaJIi3 oCTaHHIX A0CiMKeHDb i myorikamiii. [luTaHHs BUKOPUCTAaHHS NanuBa 0io-
JIOT1YHOTO MTOXO/PKEHHS PO3TIISAAI0THCSI 3 TOYKHU 30py 3MEHIICHHS! HEraTUBHOTO BILTHBY
BUITYCKHUX Ta3iB CYJHOBUX JH3€I]iB Ha JOBKULIA. [Ipy mbOMy pI3HOMAHITTS THIIIB
CYIHOBHUX JIM3ENIB, X eKCIUTyaTallliHUX PeXHUMIB, a TAKOXK COPTIB MaiiBa Ha(TOBOTO
Ta GIOJIOTIYHOTO IMOXO/HKEHHSI PU3BOJHUTh IO OTPUMAHHS HIMPOKOTO CIIEKTPY PEe3yiib-
tatiB [15-17].

Sk okpeme JpKepeno eHeprii 0ioJu3eNbHE MAJIWBO HE BUKOPUCTOBYEThCS. [lepi
3a BCE II€ TOB’s3aHe 3 HOro OUIBII BUCOKOIO (ITOPIBHSHO 3 JU3CIBHUM ITAJIMBOM) I'yC-
TUHOIO Ta B’si3KicTio. Lle HeraTMBHO BIUTMBA€E Ha MapaMeTpH IMPOIecy MaIrBOIOJaYi,

73



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

BIIOPCKYBaHHS Ta PO3MUIIOBAHHS ITaJIMBA, IO TOTIPINYE SAKICTh epediry MUX MpoIeciB.
3HMKEHHS B SI3KOCTI 010IM3EIBHOTO MAIKMBa MUISIXOM HOTO JIOJAAaTKOBOTO HArpiBy TpH-
3BOJIUTH JIO ITIJBHICHOTO YTBOPEHHS napadiny Ta MoAaibIIoro KOKCYBaHHS MaJIWBHOT
anapatrypu Bucokoro Tucky [18-20]. Ille ogHiero npuunHOO, siKa 0OMEKYE BHKOPHUC-
TaHHsI 010/IN3ETBHOTO TaIBA SIK OKPEMOTO JDKEpea eHeprii, € Horo Huk4a MopiBHSIHO
3 HA)TOBUMHU MajMBaMK TEIJIOTBOPHA 3JIaTHICTh [21-—23]. SIk mpaBwmiio, 151 BeIUYHHA
He nepesuirye 37500-38000 k/Ix/kr, mo meHIIe Maibke Ha 10 % 3a TermIOTBOpHY 371aT-
HICTh Ba)KKOTO majuBa kiacy RM Ta maiike Ha 15 % 3a TEIIOTBOPHY 34aTHICTD JH3€IThb-
Horo nanusa kinacy DM. ¥V 3B’s3Ky 3 UM 010iM3eNbHE MAIUBO 3MIIIYETHCS B PI3HUX
MIPOMOPILISIX 3 MOTOPHUM (JIU3EIBHUM / JIETKUM a00 BakkuM) najiusoM [24—26]. CoOi-
BapTiCTh BUPOOHUIITBA 010IM3€IHHOIO MajluBa B OLIBIIOCTI KpaiH CBITY BHIIA, HIXK
co0iBapTicTh MajuBa HA()TOBOTO MOXO/KCHHS, a PEHTA0CIbHICTh Ol0MaNMBHOTO 0i3-
HECY MOCTYMA€EThCsl peHTA0CNBHOCTI nepepoOku HapTH. OHAK BUKOPUCTAHHS 010111~
3eJIBHOTO TAJIMBa CYTTEBO MOKPAIIYE EKOJIOTIYHI XapaKTePUCTUKU CYJHOBUX JIH3EIIB,
30KpeMa 3HMKYE EMICII0 OKCHJIIB a30Ty, OKCHJIIB BYIVICIIO Ta OKCHIIB a3oty. Lle crae
BaXJIMBOKO TEPEBArOK BUKOPUCTAHHS OI0IU3EIBHOIO MajiBa ITiJ] YaC 3HAXOKECHHS
CYJICH MOPCHKOTO Ta BHYTPILIHHOIO BOJHOTO TPAHCIIOPTY B CHEIIAJbHUX SKOJOTIYHUX
paitonax [27-29].

®DopMyITtOBaHHS IIJIeH CTATTi. Y 3B’SI3KY 3 BUIICBUKIIAJICHUM, METOO JIOCIIPKEHHS
OyJ0 BH3HAYCHHS C(PEKTUBHOCTI BHUKOPUCTAHHS MaJiiBa O10JIOTIYHOTO MOXOKEHHS
B CYJTHOBUX JIN3EJISIX.

Bukian ocHoBHoro marepiany. J{ociipkeHHsT POBOAMIIM Ha CIEIialli30BaHOMY
MOPCBKOMY CyJIHI, Tpu3HaueHoMy uisi TpancrioptyBanHas 8600 TEU. Jlo ckiany moro-
MIXHOI €HEPreTHYHOI YCTAHOBKH CYyIHA BXOIMJIM YOTHPH OJHOTHIIHI CYIHOBI Cepe/l-
HBOOOEpTOBI au3eni Wartsila 6132,

Excrutyarartist 1u3eniB MpoBOIUIIACS Ha JIBOX BUaax nanua — DMA10 (mijg yac mia-
BaHHA cygHa B paiionax SECAs) Ta RMG500 (mij dac ruraBaHHsI Cy/iHa 1103a paiioHaMu
SECAs). Kpim Toro, Oyna nepepbaueHa MOXKIIMBICTb SKCIUTyaTallil TU3e/IiB Ha MMaJUuB-
HIf CyMill, 0 CKJIaay SKOI sIK OCHOBHE BXouiio maauBo RMGS500 abo DMAI10, sik
nonatkoBe — OiogmzenbHe nanmuBo FAME. OcHoBHI xapakrepuctuku nanmu DMAT10,
RMG500, FAME naBeneni y Ta0muii 1.

Tabmnms 1
XapakTepUCTHKH MOTOPHHUX NAJUB

XapakTepucTuka Mapia na.upa
DMA10 | RMG500 FAME
I'yctuna npu 20° 884 962 926
B’s3kicte ipu 40° 9,4 496 314
Bwicr cipku, % 0,057 0,48 0,022
Hwmxga TermoTBopHa 30aTHICT, KJK/KT 43280 39070 37720

[MpuHnmmoBa cxema ManuBHOI cucTeMu auseniB Wartsila 6L.32 nokazana Ha puc. 1.

Excryaramisi nu3eniB BHKOHyBajach y Takiid cmoci6. Ilim wac mepeOyBaHHS
Cy/llHA 11032 EKOJOTIYHUMHU pallOHAMHU eKCIUTyaTallisi JU3eliB 3JiHCHIOBajIach Ha
nanmBi RMG500, sike 3Haxoannock y BUTparHomy TaHky 1. Cran mamuBa RMGS500
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Puc. 1. Ilpunyunosa nanuena cxema cyonosux ousenie Wartsila 6132
1 — namueo RMG500; 2 — nanueo DMAI10,; 3 — nameo FAME; 4, 5, 6 — naniueni
Ginompu ons nanue RMG500, DMAI10, FAME gionogiowno; 7, 8, 9 — nanusHi nacocu
ona nanue RMG500, DMAI10, FAME eionosgiono; 10, 14, 15, 16 — ouzeni;
11 — sumpamonmip, 12 — mikpoxoumponep, 13 — dozamop

(Hacammepe] Horo rycTuHa, B’s3KiCTh Ta TeMIlepaTypa) JO03BOJIIB HOTO Mojaady 10
nanuBHOI anaparypu ausenis 10, 14, 15, 16. Lle 3a0e3nedyBajioch NalluBHAM HACOCOM
7 micinst 10AaTKOBOTO OYHUILICHHS NaluBa B aauBHOMY (inbrpi 4. KinbkicTs ogHOYacHO
MPALIOIOUMX JAN3EiB BU3HAYAIACH 3aJI€KHO BiJl 3arajlbHOT0 HABaHTAXKEHHS Ha CYTHOBY
CJIEKTPOCTAHIIIIO, TP ILOMY Yy OyZIb-sIKOMY pa3i He TIepEeBHIYBaIa TPHOX.

[lixg gac mepeOyBaHHsS cyaHa B OCOOJMBUX €KOJOTTYHHMX paliOHAX EKCIUTyaTallis
Iu3eniB 3aiicHioBanack Ha maiauBi DMA10, ske 3HaX0AMIOCh y BUTPAaTHOMY TaHKY 2.
Bwmicr cipku B manusi He nepesuiryBas 0,1 %, mo 3ade3nedysano BuMoru Annex VI
MARPOL. ITogaya manuBa DMA10 1o au3seniB 3ailicHIOBagach MaJMBHUM HACOCOM 8
IICJIsl TOAATKOBOTO OYMIICHHS MajluBa B MaJUBHOMY (DifbTpi 5.

Kpim BkazaHux BapiaHTiB, €KCIUIyaTallil0 IHM3EIiB TaKOX MOXIHMBO OYyJI0O BHKO-
HYBaTH 3 BUKOPHCTaHHSM MaJUBHOI CyMilli, O CKJIaAy SIKO1 BXOAWIO Oiofu3eibHe
nanuBo FAME. ITonaua nanusa FAME 1o nuseniB 3aiiicHIOBAJIACH MAJUBHUM HACOCOM
9 micins 10JaTKOBOTO OYMIICHHS MTAIKBa B anuBHOMY (inbTpi 6. Bmict nanusa FAME
B CKJIJi cyMimni 3MiHtoBaBcs B mianazoHi 10—30 % 3a macoro. [lanuBHa cymim, 1o
ckiananack 3 nanmmea RMG500 abo DMAT10 ta 6ionuzensHoro nainnBa FAME, yTBo-
proBasiach HuIsixoM 1o3yBanHs nanusa FAME B 3araneauii notik nanusa RMGS500 abo
DMA10. Jlo3yBanus 6iompusensHoro nanvmBa FAME 3abe3neuyBanock qo3aropom 13,
SIKii BCTAHOBITIOBAaBCS HA MaricTpaji HOro mojadi 10 KOXXHOTO 3 jau3eliB. KinbkicTh
OionuzensHoro nanua FAME B cymimi 3anexana Big BuTparu naiausa RMGS500 a6o
DMAI10, mo xoHTpomtoBanack BuTpatomipom 11. Ympasiinus poGororo mozaropa 13
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OionmzenpHoro manuBa FAME 3abesneuyBanock MikpokoHTposiepoM 12. Bukopwuc-
taHHs cyminn naauBa RMG500 a6o DMA10 ta 6ioguzenshoro nanuea FAME 6yio
MOXIIHBE yis1 Au3eniB 14, 15, 16. [Ipu upomy:

ey au3eni 14 BUKOPUCTOBYBANACh MAIMBHA CyMIll, sika ckiaganacs 3 90 % nanusa
HadroBoro noxomkenHs (RMG500 abo DMA10) ta 10 % 6iogu3zensHoro nanusa FAME;

oy amseni 15 — nanuBHa cymin i3 80 % RMG500 abo DMAT10 ta 20 % FAME;

ey auseni 16 — nanuBHa cymitn i3 70 % RMG500 abo DMAT10 ta 30 % FAME.

Came Ha nUX JHM3ENSIX BHUKOHYBAJIUCH EKCTIEPUMEHTANBHI JIOCITIJDKCHHS 3 BU3HA-
4yeHHS! e()eKTHBHOCTI BHUKOpUCTaHHS OilommzenbHoro nanmuBa FAME. [msens 10 ekc-
TTyaTyBaBcs BUKIHOUHO Ha nayimBi RMG500 abo DMA 10, 6e3 BUKOpUCTaHHS TAJIUBHOT
CyMIIII, 10 CKJIay sIKOT BXOuI10 Oioau3enbHe nainso FAME.

OcHOBHI mapaMeTpu poOOTH MaJIMBHOI CHUCTEMH (THCK, BUTpara, TemIeparypa,
B’SI3KICTh MAJIMBA) KOHTPOJIOBAIUCS Ta MIATPHUMYBAIIUCS aBTOMATUYHO. Takok aBToMa-
TUYHO TIATPUMYBajacs 4acToTa 0OepTaHHs Ta HABAHTAXKEHHS JOTIOMIKHHUX JIBUTYHIB
Wartsila 6L.32. Kpim Toro, aBroMaruvHo MmiITpUMyBaBCs PO3IIOJIiNI HABAHTKEHHS MK
KiJIbKOMa JIOTIOMIKHUMH JBUTYHaMH (JiBoMa abo Tphoma) y pasi IXHbOT mapasesbHoi
poGoru. [luzeni Oyiu obaiHaHI CUCTEMORO TiarHocTuku ProPower, sika 3a0e3neuyBaiia
KOHTPOJIb OCHOBHUX MOKAa3HUKIB poOOYOro MpOLECy — TUCKY 3TOPSHHA p , €pEKTUB-
HOI TOTY)XHOCTi N, MUTOMOI e()eKTUBHOI BUTpaTH Nanuea b, TEMIEPATypH BHITyC-
kKX Ta3is t. Cucrema ProPower Takox 31iHCHIOBaIa KOHTPOJIL Ta aHAII3 BUITyCKHHX
rasiB JIM3eJiB, y TOMY YHCJIi BU3HAYCHHS KOHIICHTPAIlii OKCUIIB a30Ty NOX. Cucrema
ProPower HanexuTh 10 Cy4acHHX CHUCTEM JIarHOCTHKH POOOUYOTO MPOIECy CYIHOBUX
JI3EITiB Ta BUKOPHCTOBYETHCS Ha BEJIMKIN KITBKOCTI MOPChKHX cyneH [30; 31].

CrniokrBadamu eHeprii cyaHoBux qu3eniB Wartsila 61.32 Gyiu MaliHu Ta MeXaHi3Mi CyJl-
HOBHX CHCTEM, a TaKOXK pedprkepaTtopHi KOHTEHHEPH, sIKi pa3oM 31 3BUYaiiHUMH KOHTEH-
HEPaMH TPAHCTIOPTYBAJIUCS CYJHOM (came 4epe3 HasiBHICTh pedyprkepaTopHuX KOHTEHHe-
PIB IOMOM)KHA EHEPreTHYHA YCTAHOBKA CY/IHA XapaKTepru3yBalach BUCOKOIO MOTYKHICTIO).
[XHs KiTbKIiCTB 7151 KOKHOTO 3 MOPCHKUX MepeXoIiB Oyiia pi3HO0, ajle He 3MiHI0BAackh il
yac TpaHcroptyBanHsi. Le 3a0e3neuyBaio pizHi Mixk COO0F0, ajie MakKe MOCTIHHI POTITOM
OJIHOTO MOPCHKOTO MIEPEXO/ly HABAHTAXKEHHS HA CYTHOBY EJIEKTPOCTAHIIiO (Ta BiIITOBIIHO
Ha cynHoBi auzeni Wartsila 6132, sxi BukoHyBanu (yHKIil gornomikaux). [Ipu npomy
eKCIUTyaTalliiiHi PeXKUMHU CYITHOBOI eNleKTpocTaHIii 3abe3nedyBanmick 50 %, 60 %, 70 %
ta 80 % HaBaHTa)XCHHSAM Ha CYJHOBI JIN3€ITi, Ha SIKMX BUKOHYBAJIUCH JOCIIKCHHSL.

AnbTepHATUBHI NaNKBa (B TOMY YHCJII MajrBa O10JOTIYHOTO TOXOPKEHHS, JI0 AKUX
Hasnexxuth FAME) mopiBHSHO 3 manuBaMu Ha(TOBOTO MOXOIDKEHHS BiAPIZHSIIOTHCS
IHIIIUM CTPYKTYPHHUM CKJIQJIOM, 1HIIOO TETIOTBOPHOIO 3/IaTHICTIO Ta 1HIIUM CTeXioMe-
TPUYHUM BifHOIICHHAM. [{e pU3BOAUTE J10 MEBHUX BiJIMIH IT1]1 4ac mepediry mporecis
HOro 3ropsiHHS Ta PO3MMUPEHHS. Y CYKYIHOCTI e € IPUYNHOI 3MiHU CKOHOMIYHHX,
EKOJIOTIYHHUX, a8 TAaKOK TEMIIepaTypHUX TOKa3HUKIB POOOTH CyIHOBHX JM3ENIB MiJ Yac
BUKOPHUCTAHHS MaJiuBa 010JI0ITYHOTO MOXOKEHHS a00 MaJIMBHUX CyMillleH, 10 CKIIaay
SIKUX BOHO BXOJIMTh. SIK Taki MOKa3HUKH i1 9ac JOCIIPKEHb PUAMAITUC:

KOHIIEHTPAIlisl OKCHJIIB a30Ty y BUMyCKHUX razax — NO,, r/(kBr-ropm);

KOHIICHTpAIlis JIOKCUY a30Ty Yy BUITYCKHHUX ra3ax CO,, %;

NMTOMa BUTpaTa naiausa, b, r/(kBr-ron);

CEpeJHs TEMIIEPATypa ra3is Ha BUXO/ 3 LuIinapis, t, °C.
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ExcriepuMeHTanbHi JOCHTIHKEHHSI BUKOHYBAJIMCh BHKIIIOYHO HA CTAIMX PEKHMAX
poOOTH CyTHOBHX AM3emiB. [Ipy 1bOMY HIISIXOM TEPEpPO3INOUTY CIIOKUBAYIB CHEPTil
(KIBKOCTI pedprkepaTopHUX KOHTEHHEPIB Ta CYJJHOBOTO JIONMOMIKHOTO OOJNaHAHHS)
MITPUMYBAJIOCS OJTHAKOBE HABAHTAKCHHSI HA IU3EJISIX, 110 OYJIH 3a/1isHI B €KCIICPUMEH-
Tax. TpuBaicTh BUIIPOOYBaHb HA KO)KHOMY 3 €KCIIEPUMEHTAIILHIX PEKUMIB CTAHOBHIIA
HE MEHIIE JIBOX roauH. [li1 4yac mpoBeIeHHS TOCIHIPKEHb JU3ei BUKOPUCTOBYBAIN
ofHakoBi coptu majuBa (200 RMGS500, abo DMA10 Ta ix cywmimi 3 manuBom Oioso-
riunoro noxomkeHHs FAME). MaiiieHHsl u3ei1iB BUKOHYBAJIUCh HA OJIHOMY 1 TOMY
K COPTI LMpKyJsIiiiHoro mactuia [32; 33]. ¥V cucremax MailleHHS Ta OXOJIOJKCHHS
JIM3EITiB MiITPUMYBAJIMCh OJJHAKOBI 3HAYEHHs TeMmIeparypu Ta THCKy. Lle 3abe3meuy-
BaJIO KOPEKTHICTh TIPOBEJICHHS €KCIIEPUMEHTY Ta JIOCTOBIPHICTh OTPUMAaHUX PE3yJIbTa-
tiB. [1ig 9ac q0CIiPKEHb TAaKOXK KOHTPOJIIOBAIKMCH Ta MiITPUMYBAJIUCh Y HEOOX1THOMY
Jiara3zoHi OCHOBHI MOKa3HUKK POOOYOTO MUKITY JAHM3els (TUCK HANPHUKIHI CTUCHEHHS,
MaKCHMAJBHUI THUCK 3TOPSIHHS, CEpPeHIN 1HJANKATOPHUHA THUCK) Ta iX BIIXWUJICHHS Bij
CEpeIHBOT0 3HAYCHHSI 3a BCIX IIHAPIB [34; 35].

PesynbraTy 1ocCiipkeHb TOAaH1 y BUIVISIL pHC. 2—5.
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Puc. 2. [lumoma eumpama nanuga nio uac pisHux ymos ekcniayamayii ousenie Wartsila
6L32: a) nanuso RMG500 ma tioco cymiwi 3 FAME; 6) nanuso DMA10 ma tiozo
cymiwi 3 FAME; RM — nanuso RMG500; DM — nanuso DMAI0; 1, 2, 3 — cymiw naiug
RMG500 (abo DMAI10) ma 10 %, 20 %, 30 % FAME ionosiono

0. - s

Wg [ KB‘r-rgg
7.0 8.0
6.5 m 7.5
6.0 7.0
Ininlinlt
W 80— N.% o0 50 60 70 80

a) 0)

Puc. 3. Ewmicia okcudis azomy nio uac pisnux ymos excniayamayii ousenie Wartsila
6L32: a) nanuso RMG500 ma tioco cymiwi 3 FAME; 6) nanuso DMA 10 ma tiozo
cymiwi 3 FAME; RM — nanuso RMG500; DM — nanuso DMAI10; 1, 2, 3 — cymiw nanug
RMG500 (abo DMAI10) ma 10 %, 20 %, 30 % FAME ionosiono
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TexHOoJOoris IPOBEICHHS JTOCIII/HKeHb OyJia MOTro/KeHa 3 TEXHIYHUM BiJIIIOM CY/I-
HOIUTaBHOI KOMITaHii, o 3a0e3neuye MEHEePKMEHT Cy/IHA Ta HOTo CYTHOBOI eHepreTHY-
HOT YCTaHOBKH. YCi BUITPOOYBaHHSI BUKOHYBAJIKMCH 13 CYBOPUM JOTPUMAHHSIM PEKOMECH-
JIAIil 3 TEXHIYHOT eKCIUTyaTallii Tu3eIiB, a TAKOXK 13 BUKOHAHHIM BUMOT MiXKHApOTHUX
rkouBeHnii MARPOL ta SOLAS.

Co,,
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Puc. 4. Emicisa diokcudy yeneyio nio wac piHux ymoe excniyamauii ousenie Wartsila
6L32: a) nanueo RMG500 ma tioco cymiwi 3 FAME; 6) naiuso DMA 10 ma tioco
cymiwi 3 FAME; RM — nanuso RMG500; DM — nanueo DMAI0; 1, 2, 3 — cymiw naiug
RMGS500 (abo DMAI10) ma 10 %, 20 %, 30 % FAME sionosiono
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Puc. 5. Cepeorna memnepamypa 2asie Ha 6uxo0i 3 YWiiHOPIE Nio 4ac pizHUX YMO8
excnyamayii ousenie Wartsila 6L32: a) nanueo RMG500 ma tioeo cymiuii 3 FAME;
0) nanueo DMA 10 ma tioeo cymiwii 3 FAME,; RM — nanuso RMG500; DM — naruso DMA10;
1, 2, 3 — cymiw nanue RMG500 (abo DMAI10) ma 10 %, 20 %, 30 % FAME 6ionosioro

BucnoBku. BuxkoprcranHs i 4ac eKcIutyaranii CyTHOBUX CHEPreTHYHHUX YCTaHOBOK
NaJiMB Ha(hTOBOTO MMOXO/PKEHHS (IU3EIIbHUX 200 TUCTHISITHUX) MPU3BOIUTH JIO 3a0pyl-
HEHHS JOBKULIA IIKIAJMBUMH JOMIIIKAMHM, IO BXOAATH A0 CKJIaAy BUITYCKHUX Tas3iB,
Ta 3yMOBJIIOE TOIIYK HUISAXIB MiJABUILEHHS €KOJIOTIUHOCTI cyaHormiaBcTea. Lle, a Takox
TEHJCHLsI IO BUCHAKYBaHHS MPUPOJHUX 3aIaciB PiAKUX BYIJICBOIB, SIKi € OCHOBHOIO
CHPOBHHOIO TiJl Yac BUTOTOBJICHHS NajJHB HA(TOBOTO MOXOMKEHHSI, CHPHUSIOTH MOLIHU-
PEHHIO BUKOPUCTAHHS Ha MOPCHKHX CY[HAX MaJIuB 010J0TYHOTO MOXOKEHHSI.

VY pesynbrari AOCHiKEHb, 110 OyJlM BUKOHAHI Ha CYIHOBHX CEpeIHBOOOEPTOBUX
musensix Wartsila 6L.32, Oyno BCTaHOBIICHO Take.
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1. YTBOpeHHsI NMaNMBHUX CyMIllIeH, 10 CKIaay SKHX BXOJHUThH MalIuBO HadTOBOTO
Ta 010JIOrYHOTO MOXO/KCHHS, 3 PI3HUM BMICTOM B IIMX CyMIllIax MMajuBa 0i0JIOTTYHOTO
MTOXOJIPKCHHSI CITPUSIE MOJIIIIIICHHIO €KOJIOTIYHOCTI CyiHOIIaBcTBa. [Ipu bomy Imijl vac
BUKOPUCTAHHSI CyMillled, 10 ckiany sikux Bxomutb 10-30 % Oioan3enbHOrO majiuBa
FAME, ewmicist okcuiB a30Ty 3HWXKYyeThesl Ha 11,20-27,10 %, 3a THX e yMOB eMmicis
JIOKCHTY BYTJICIFO 3HMKY€EThCs Ha 5,31-19,47 %.

2. TManuBHi cyMili, 10 CKJIaay SIKHX BXOJIUTh MAJUBO OI0JOTTYHOTO MOXO/KECHHS,
MOPIBHSIHO 3 TMAJTMBOM HAa(TOBOIO IOXOJKEHHS XapaKTePH3YIOThCS MEHIIOK TETIOT-
BOPHOIO 3/1aTHIiCTIO. L{e mpu3BomuTh 10 301bIIeHHS Ha 1,7—7,4 % (3a1€)KHO Bijl CKIamLy
MAJMBHOI CYyMIllli Ta HABAHTAYKCHHS Ha JTU3€Ib) MMMTOMOT BUTPATH TIOAIOHHUX MaTHBHUX
cymiieii. Takok HeraTHBHUM ()aKTOPOM BUKOPHCTAHHSI MAJTMBHUX CyMIIICH, 10 CKITaTy
SIKMX BXOJIUTH 010/IM3€NbHE MAJIHBO, € MiJBHUIICHHS TEMIIEpaTypHOTro HaBaHTKECHHsI Ha
LHWIIHAPOBY IPYIy Ta ra3oBUIYCKHY cucteMy nau3eniB. Lle BimoOpaxaeThest B 301b-
IICHH]I TEeMIIepaTypy ra3iB Ha BUXOAl 3 LWIIHAPIB, SIKE HA JESKUX EKCIUTyaTalliiftHuX
pexuMax (a caMme miji yac BUKOPUCTAHHS MaTUBHHUX CyMIlIeH 3 MAaKCUMaJIbHO MOYKIIU-
BHM BMICTOM MajiBa 0i0JIOTIYHOTO ITOXOKeHHS ) Moxe fnocsraru 22—36°C.

3. BUKOpUCTaHHS B CYJIHOBHX JIM3ENSAX albTEPHATUBHUX MalUB (OJHUM i3 SKUX
€ 0loIM3eNbHE TAJIMBO Ta MAJUBHI CYMIIII, 10 CKJIay SKUX BOHO BXOJIHUTH) € OJHUM 31
Croco0iB, IO MiABHIIYIOTh PIBEHb €KOJIOTTYHOT CTIHKOCTI MOPCHKHX CYJICH Ta CHpHs-
I0Th €KOJIOTTYHOMY CYAHOTLIABCTBY.
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Anomauisn

Bcemyn. Pyx cyden Mmopcbko2o ma 6HympiuiHb020 600HO20 MPAHCHOPIY HEMONCIUGULL
0e3 BUKOPUCAHHA 0BUSYHIB BHYMPIUHbO20 320PAHHS, SKI HUHI € OCHOBHUM 2EHEPAmopom
MexauiyHoi enepeii. Bukopucmannsa anvmepramusHux 6uoie enepeii (COHAUHOL, 6impo-
601, a makoodic eHepeii pisHo20 MUny akymyismopHux oamapetr) oomediceHo 0 CyOeH,
o 301CHIONMb MPUBAN] A8MOHOMHI Hasieayitini nepexoou. OCHOGHUM 8UOOM NATUBA,
U0 BUKOPUCMOBYEMBCS 8 CYOHOBUX OU3ENSAX MA HAOAL CHPUSE OMPUMAHHIO eeKmueHol
HOMYAHCHOCHI, € PiOKe Naiu8o HAGmMoso2o noxodxcenus. Kpyeosuil pobouuii yuxi cyo-
HO0B020 OQu3e/isl HeMONCIUBULL Oe3 YMBOPEHHS BUNYCKHUX 2A318, 00 CKIAJY AKUX 6X005Mb
Hebesneyni moxcuuHi xomnonenmu. CyOHosi ouseni, wo nepedyeaiomy @ eKChiyamayii,
BUMALAIOMb ROCMITIHO20 NOWYKY eqheKMUBHUX CNOCO0I8 3HUNCEHHS, MOKCUYHOCHE BUNYC-
KHUX 2a318, Hacamnepeo 8UKUOi8 OKCUdie azomy. AKmyaibHicms ybo2o 3a80aHHs NiOmeep-
02HCYEMBCS BUMOAMU MIDICHAPOOHUX MA HAYIOHATbHUX KOHBEHYIL, WO PelaMeHmyoms
BMICI OKCUOIB A30MY Y GUIYCKHUX 2A30X 3AI€AHCHO 8I0 Muny ouseis ma poKy nooyoosu
CyOHa. 3abe3neuenns GUMO2 YUX KOHBCHYIL MONICTUBE ULTAXOM GUKOPUCTIAHHS DI3HUX CHO-
€00i6, 00HUM 3 AKUX € PeYUPKVIAYISA UNYCKHUX 2a3ie. Mema 00CniOiceH s — BUSHAYEHHS
BNUBY CUCMeEMU PeYUPKYIAYIT GUNYCKHUX 24318 BUCOKO20 TMUCKY HA €KONO2IYHI NOKA3-
HUKU pobomu cyOH08020 Maio0bepmosoeo ousens. Pesynomamu. Posensnymi numanms
w000 3abe3nederHs: eKON0SITUHUX NOKAZHUKIG CYOHOBUX OU3ENI8 UWIAXOM BUKOPUCHIAHHS
cucmem peyupKyIsaYii BUNYCKHUX 2a3i8 8UCOKO20 MUCKY. Bucsimueni ocoonueocmi cuc-
mem peyupryIAyii GUNYCKHUX 2a3i8 BUCOKO20 MUCKY, WO 6CIMAHOGIIOIOMbCS HA CYOHOBUX
Manoobepmosux ouzensix sucokoi nomyxcrocmi. Hageoeri pezynomamu 00cniodicens, wo
BUKOHYBANUCH HA CYOHOBOMY Manoobepmogomy ouzeni 8G6OME MAN Diesel, oonaona-
HOMY CUCMEMOI0 PeYupKyIAYii 6UNYCKHUX 2a3ie eucokoeo mucky. Koncmpyxuyitinoro oco-
Onugicmio yux cucmem € NOBEPHeHHs: OesKoi KiIbKOCMI 8UNYCKHUX 2a3i8 N083 2a306Ull
mypoonacuimay 00 yuninopy ouzens. Lle cnpuse nocipuienHo ckaady naiueo-nosimpsi-
HOI cymiwi 6 Yyuninopi ma yepes ye smeHutye memnepamypy 3eopsauns. Came ye ssuuye
nepepusae aHY0208y Pearyiro YMEOPeHHs OKCUJI6 a30my mda 3MEeHULYE PIGeHb ix eMi-
cii. Bucnoeku. ExcnepumenmanvHo 8cmaHo81eHO, WO 3MIHA CHIYNEHS PeyupryIayii
BUNYCKHUX 2a3ie y dianasoni 5—20 % 3abesneuye 3HudCEHHs KOHYEeHMpayii oxcuoie azo-
My y 6UNYCKHUX 2a3ax 6I0N06iono Ha 5,7-38,5 % 3anedicHo 6i0 HagaHmMagxicents Ouseis.

© Carin C.B., KyponsaTnuk O.A., 2025
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Heeamusnum gpaxmopom sukopucmars cucmemu peyupKyiayii 6UnycKHUX 2a3i8 GUCOKO-
20 MUCKY € NIOSUWEHHS MeMNEPAMyPHUX HABAHMANCEHb HA YUTNIHOPOBY 2pYny md 2a30-
BUNYCKHY CUCMEMY CYOHOB020 OU3EJIA.

Kniouosi cnoea: exonociuni noxaznuku, emicis oKcuoi@ azomy, MOPCbKUll mpam-
cnopm, cucmema peyupkyIAYii UNYCKHUX 2a3i8 BUCOKO20 MUCKY, CYOHOBUL Ou3enb,
memnepamypne HaeanmadiCeHus.

USING A HIGH-PRESSURE EXHAUST GAS RECIRCULATION SYSTEM
TO ENSURE THE ENVIRONMENTAL PERFORMANCE
OF MARINE DIESEL ENGINES
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Summary

Introduction. The movement of sea and inland waterway vessels is impossible
without the use of internal combustion engines, which are currently the main generator
of mechanical energy. The use of alternative energy sources (solar, wind, as well as
energy from various types of batteries) is limited to vessels that make long autonomous
navigational crossings. The main type of fuel used in marine diesel engines and
subsequently contributes to obtaining effective power is liquid fuel of petroleum origin.
The circular operating cycle of a marine diesel engine is impossible without the formation
of exhaust gases, which include dangerous toxic components. Marine diesel engines in
operation require a constant search for effective ways to reduce the toxicity of exhaust
gases, primarily nitrogen oxide emissions. The relevance of this task is confirmed by
the requirements of international and national conventions that regulate the content of
nitrogen oxides in exhaust gases depending on the type of diesel engine and the year of
construction of the vessel. Ensuring the requirements of these conventions is possible
by using various methods, one of which is exhaust gas recirculation. The purpose of the
study is to determine the impact of the high-pressure exhaust gas recirculation system
on the environmental performance of a low-speed marine diesel engine. Results. To
consider the issue of ensuring the environmental performance of marine diesel engines
by using high-pressure exhaust gas recirculation systems. The features of high-pressure
exhaust gas recirculation systems installed on high-power low-speed marine diesel
engines are highlighted. The results of research carried out on the SG6OME MAN
Diesel low-speed marine diesel engine equipped with a high-pressure exhaust gas
recirculation system are presented. The design feature of these systems is the return
of a certain amount of exhaust gases past the gas turbocharger to the diesel cylinder.
This contributes to the deterioration of the composition of the fuel-air mixture in the
cylinder and, therefore, reduces the combustion temperature. It is this phenomenon that
interrupts the chain reaction of the formation of nitrogen oxides and reduces the level
of their emissions. Conclusions. It has been experimentally established that changing
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the degree of exhaust gas recirculation in the range of 5—20 % provides a decrease
in the concentration of nitrogen oxides in exhaust gases by 5.7-38.5 %, respectively,
depending on the load of the diesel engine. A negative factor in using a high-pressure
exhaust gas recirculation system is the increase in temperature loads on the cylinder
group and the gas exhaust system of a marine diesel engine.

Key words: environmental indicators, high-pressure exhaust gas recirculation system,
marine diesel engine, maritime transport, nitrogen oxide emissions, temperature load.

Beryn. JIBUryHU BHYTPIIIHBOTO 3TOPSIHHS / AM3€J1 3alMarOTh Y CyJIHOBIH eHepre-
TUIIl JOMIHYFOY€ TIOJIOKCHHSI TOPIBHIHO 3 THITUMH TUTIAMH TETUIOBHX JIBUTYHIB — M1apo-
BUMH KOTJIAMH Ta ra3oBUMH TypOiHamu. Hacammepern e moB’si3aHO 3 HaWMEHIIOO
MUTOMOIO BUTPATOI0 HaJIMBa Ta HAMOUIBIINM KOe(DIiliEHTOM KOPHCHOI Jii, 110 Xapak-
TEepHO came s au3eniB [1; 2]. lu3zeni, 110 BCTaHOBIIOIOTHCSA HA CyIHAX MOPCHKOTO
Ta BHYTPIIIHLOTO BOJHOTO TPAHCIIOPTY, BUKOHYIOTh (DYHKIIIT TOJIOBHHX Ta IOTTOMIKHUX
JIBUTYHIB, 320€311eUyI0UH PyX CyJJHa Ta POOOTY CYIHOBHX CHCTEM, MEXaHI3MiB Ta 001a/1-
HaHHs. OTpUMaHHS KOPHCHOI poOOTH Ta e()EKTHBHOT MOTYKHOCTI B CYTHOBUX JH3EIISX
HEMOXJIMBE 0€3 CIaJOBaHHS B IXHIX LMJIIHApPAX PIAKOro majuBa HaGTOBOIO I1OXO-
JokeHHs. [Ipr iboMy B pe3yabTari Horo 3ropsiHHs B atMochepy BUKUAAIOTHCS BUITYC-
KHi ra3u. binpmry yactuny BummyckHUX rasiB (10 99,0-99,2 %) cTaHOBIATH HEHTpaIbHI
Ta HETOKCHYHI KOMIIOHEHTH — MPOJYKTH HETIOBHOTO 3rOpsHHS (OiJbIIOI0 YaCTHHOIO
SIKUX € JIOKCHJ BYTJICIIIO CO2 1 BOIIsIHA TIapa HZO) Ta MOBITPS 31 3HUKCHUM BMICTOM
KHCHIO. HeBemnuKy perTy i3 3arajibHOT YaCTHHH BUITYCKHHX ra3iB CTAHOBJIATH TOKCHYHI
KOMITIOHEHTH, SIKi TIOAUISIOThCS Ha Bl Ipynu. Jlo mepiioi rpyny Haiexarh MPOIyKTH
HEIIOBHOTI'O 3rOPsIHHS IanBa — MOHOOKCcH T Byriieiio CO, ByIIeBOIHI CnHm, albaerian
R-CHO Tta caxa C. TokcH4HI KOMIIOHEHTH APYroi IPyIy YTBOPIOKOTHCS B PE3YJbTaTi
[OBHOTO OKHCJICHHS XIMIYHHX €JICMEHTIB, II0 BXOJSITh JI0 CKIajay IajiiBa Ta IOBI-
Tps — ue okcuam asoty NO, Ta cipku SO,. Cynnosi JIB3, 1110 3HaX0AAThCS B €KCILTya-
Tarii, BAMaraloTh MOCTIHHOTO MOIIYKY e()EeKTHBHUX CIIOCOOIB 3HUKEHHS TOKCUYHOCTI
BUITyCKHHUX T'a3iB, Hacammepes BUKUiB okcuiB azoty NO, [3; 4]. BmicT okcuis azoty
y BUIIYCKHHX Ta3ax peraMeHTyeThcsi BUMoramu Annex VI MikHaponHOi KOHBEHIIIT
MARPOL Ta 3anexxuTh BiJi poKy MoOy/I0BU Cy[lHa Ta YaCTOTH OOEpTaHHS Baly JU3EIs
(tabm. 1) [5; 6].

Tabmnms 1
MaxkcumaJjibHa KOHUeHTpauis okcuaiB azory (NOX, r/kBt-rox)
B BUIIYyCKHHUX ra3ax CyIHOBMX Ju3ejiB BinnoBiaHo 1o sumor Annex VI MARPOL

Pigenn YactoTH 00epTaHHs Bajy, 00/XB

n<130 130<n<2000 | n>2000
Tier I — ast cynen, 30ymoBanux micis 2000 p. 17,0 450 02 9.8
Tier IT — s cynen, 30ynoBanux micis 2011 p. 14,4 440023 7.7
Tier 111 — st cyzen, 30ynoBanux micias 2016 p. 3.4 on02 2.0

3a0e3neuendst Bumor Tier I, Tier II MokiauBe IUISAXOM JOAATKOBOI ITIJATOTOBKH
nanuBa (HApUKIIaa, HOTO TOMOTeHi3allil, yIbTPa3ByKoBOI OOpPOOKH Ta BUTOTOBIECHHS
BOJIOTIAIMBHUX €MYIIbCil) Ta BIOCKOHAJIEHHS POOOYOro LUKIY (HANpHKIAM, YIpaB-
niHHA (azaMu 1oavi MOBITPs, BUITYCKY ra3iB Ta BIOPCKYBAHHS MMajiBa). 3a0e3meueHHs
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Bumor Tier 111 MokIMBO JHIe yepe3 BUKOPUCTAHHS JIOJATKOBUX TEXHIYHUX CHCTEM
Ta TMPHUCTPOiB. HalOimbIl MOMIMPEHUMH 3 HUX €. CHCTEMa OYMIICHHS BHITYCKHUX
ra3iB — Selective Catalytic Reduction (SCR); cuctemu peuupkyisuii — Exhaust Gas
Recirculation (EGR); cucrema nepenycky — Exhaust Gas Wastegate (EWR) [7, 8].

IocranoBka npodaemu. EKooriui NOKa3HUKY CYTHOBHX JTU3€TiB BHYTPIlIIHBOTO 310~
PSIHHSI HUHI 3aiiMalOTh OCHOBHY TIO3HIIIIO Pa30M 3 1HIIMMH TIOKa3HUKaMH IXHBOI pOOOTH —
CHepreTHYHUMU Ta ekoHoMmiuHMMU [9; 10]. TlocTiliHe MiIBUIIICHHS MTOTYKHOCTI Ta KiJb-
KOCTI CY[HOBHX JIU3€JiB, 1[0 BCTAHOBIIOIOTHCS HA CYJJHAX MOPCBHKOTO Ta BHYTPIIIHBOTO
BOJIHOTO TPAHCIIOPTY, ITPU3BOAUTH JI0 MPOMOPIIHHOTO 30UTBIICHHS KUTBKOCTI BUITYCKHHX
rasiB, 10 TOTPAIUIIIOTE B arMocepy Ta 3a0pyaHioroTh ii. Lle 3myiye nposinHi dipmuy,
110 BUPOOJISIFOTh JTU3€JTi, & TAKOK HAyKOBI OpraHizaliii, ki BAKOHYIOTb BiJIIIOBIHI JOCITIiI-
HUIIbKI PO3POOKH, TIOCTIHHO BIOCKOHAIFOBATA METOJIH IIOJI0 3HMKEHHS €MICIT IIKITTMBUX
KOMITOHEHTIB BUITYCKHHX Ta31B Ta X HEraTUBHOTO BIUIMBY Ha oBKULI [11; 12].

AHaJi3 ocTaHHIX J0cTaiKeHb 1 mydikanii. CucreMu perupKysaiii BUTYCKHAX
rasziB HacamIiepes; po3poOJsUTUCS JJIsi aBTOMOOUTFHOTO TPAHCIIOPTY (K Uit OCH3MHO-
BUX, TaK 1 Jjis qu3eiabHuxX auryHiB) [13; 14]. [lo3utuBHuil 10CBiA iX 3aCTOCYBaHHS,
a TaKO)K HEOOX1IHICTh TIONIYKY HOBHX PIIICHB JIJIsl 320€3MeUeHHSI eKOJIOTTUHUX MOKa3-
HUKIB pPOOOTH JIM3ENIB Cy/IeH MOPCHKOTO Ta BHYTPILTHBOTO BOJJHOTO TPAHCIIOPTY CIPH-
SUTH BIIPOB/DKCHHIO JIAHMX CHCTEM JIO0 CKJIQJy CYAHOBHX CHEPreTHYHUX yCTAHOBOK
[15; 16]. 3anexHO Bijx XapaKTepUCTUK JU3eNs (KOHCTPYKIIIHHOTO BUKOHAHHSI, TIOTYXK-
HOCTI, XapaKTePUCTUK CHUCTEMH HaJJIyBYy), 1100 3a0€3MEYUTH MPOLEC PEIUPKYJISIl
BUITYCKHHX T'a3iB, BAKOPUCTOBYIOTHCS Pi3HI cxeMu: Bucokoro Tucky (High pressure —
HP-EGR), nusbkoro ticky (Low pressure — LP-EGR) i xombinoBana cucrema (High
and Low pressure — HLP-EGR) [17, 18].

Cucrema perpKyIsilii BATYCKHUX I'a3iB (K HU3BKOTO, TaK 1 BACOKOTO TUCKY) BKJIFO-
qae [19; 20]:

— KJIanaH PenupKyJssmii (3a JOTOMOTO0 SIKOTO 3/1iHCHIOETHCSI KEPYBaHHS TTOTOKOM
rasiB, 1110 HaJIXOJISTh HAa PEUUPKYIALi) [21; 22];

—ckpyOep (TIpU3HAYCHUIT JIJIsl OUMIIICHHS BUITYCKHHX Ta3iB BiJl TBEPIUX HE3TOPLITHX
YACTHHOK ITiJ] Yac TXHBOTO MOBEPHEHHSI 0 MUJIIHAPIB JU3ENsI) 13 CUCTEMOO BOJSTHOTO
3pOILICHHS Ta OXOJIOJKCHHS BUITYCKHUX ra3iB [23; 24];

—Ta30BHI HATHITAY (32 IOTTOMOTOIO SIKOTO 3a0€3TeYYEThCS PEIUPKYIIALIS BUITYCKHHX
rasiB y npojgyBHHI pecuBep abo 70 KoMIIpecopa razoBoro TypOoHarHitaya) [25; 26].

Uepes MoBepHEHHS YaCTWHH BUMTYCKHUX Ta3iB y IUITHAP JU3EIIsl 3MIHIOETHCS CKITa]]
MOBITPSIHOTO 3apsity, MPU3HAYSHOTO IS 3rOpstHHS nanuBa. [lepeaycim 1e npu3BoauTh
JI0 3MEHIIICHHS Koe(illieHTa Ha UIAIIKY MOBITPS Ta Jai — 10 3HWKCHHS IHTCHCUBHOCTI
3TOPSIHHS Ta 3MCHIICHHS! MAaKCHMAJIBHOI TeMIlepaTypH mij| yac 3ropsHHs [27; 28]. e
CTa€ OCHOBHOIO TIPUYMHOIO TIEPEPUBAHHS JIAHIIOTOBOI peakilii yTBOPEHHS OKCHJIIB
a30Ty Ta 3MEHIICHHS piBHS 1X emicii. BoqHouac yepes nepeHeceHHs] YaCTHHU TPOLECY
3TOPSIHHS HA JIIHII0 PO3LIUPEHHS 30UIBIIYETHCS MPOLEC JOTOPSHHS MaliBa, 10 Big0-
OpakaeTbecsl Ha MiABHIICHHI MUTOMOI BUTPATH TMAlMBA Ta TEMIIEPATYPHU BUITYCKHUX
rasiB [29; 30]. Takum urHOM, pO3B’s3aHHS 3aBJaHHS ITJIBUILICHHS SKOJIOTTYHOI e(ek-
TUBHOCTI CYTHOBUX JIM3ENiB Ta 3HMKCHHS TOKCHYHOCTI TXHIX BHUITYCKHUX Ta3iB CTH-
Ka€eThCsl 3 JTUJIEMOIO TJITPUMAaHHSI TeMIepaTypHOi HalpyKEHOCTI CYAHOBHX JIU3EIIiB
Ta 3a0e3MeYeHHs IX EKOHOMIYHOCTI.
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®dopMyITroBaHHS IiJIeH CTATTi. Y 3B’SI3KY 3 BUIICBUKIIAJICHUM, METOO JIOCIIPKEHHS
OyJ10 BU3HAYCHHSI BILTUBY CHCTEMHU PELUPKYJISIii BUTYCKHUX T'a31B BHCOKOTO THCKY Ha
OCHOBHI EKCIUTyaTalliifHi MOKa3HUKH POOOTH CYJTHOBHX JTU3EIIB.

Buxkian ocnoBHoro marepiasy. JlocimiDkeHHsSI BUKOHYBAJIMCH HA CYJTHOBOMY MaJio-
obeproBomy nuseni SGO6OME ¢ipmu MAN Diesel, o0naHaHOMY CHUCTEMOIO PeEIUp-
KyJsii ra3iB Bucokoro Tucky — HP-EGR. [lpuHnmnoBa cxema cucTeMu pelupKyIIsiii
BUIYCKHUX Ta3iB BUCOKOTO THCKY CyIHOBOTO ManoobeproBoro nusens 8G60ME dipmu
MAN Diesel nana Ha puc. 1.

1 2 3 4 5

/
_OO\ OO}

1

N N
Me e Mo \s
Puc. 1. Ilpunyunosa cxema cucmemu peyupkyisayii GURYCKHUX 2A3i8 8UCOKO20 MUCKY
€YOH08020 Manoobepmosoco ousensi §GOOME gipmu MAN Diesel:

1, 5 — eazomypbonacnimay, 2 — 6unyckHull Konekmop, 3 — Kepyouuil Ki1anam cucmemu
PeyupKyIayii 6UNyCcKHUX 2a3ie GUCOK020 MUCKY, 4 — ckpyOep; 6 — Hacoc nooaui npicHoi
600U 8 CUCHeMY OUUUjeHHS A OXON00JCEHHS BUNYCKHUX 2a3i6;

7 — yucmepHa npicHoi 600U cucmemu oYU eHHs MAa OXON00NHCEHHS BUNYCKHUX 2a316;
9, 12 — oxonooacysau HaddysHo2o nosimpsi; 10 — cyonosuil ousenn,

11 — npooyenuii pecusep, T, K — 2azoea mypbina ma nogimpsuuii KOMnpecop
eazomypoonacHimayis

Cucrema mpaifoe B Takuit crocio. BurmyckHi rasu 3 muiinapis ausens 10 Haaxo-
JITh Y 3araJibHU BHITYCKHHAN KOJIEKTOp 2 1 Aaii J0 ra3oTypOoHarHerauiB 1 1 5, micis
4Oro 4epes ra30BUITYCKHY TPyOy BHIANSIOThCs B atMochepy. ['azoTypOonarHiTaui 1
i 5 3a0uparoTh MOBITPS 3 MAITMHHOTO BIJJIIIGHHS Ta TICIS CTUCHEHHS CIPSIMOBYIOThH
fioro vepe3 oxonomkysaui 9 1 12 B noBitpsHuid (mpoayBHUii) pecusep 11. [pu npomy
ra3oTypOoHarHiTa4 5 001aJHaHui CUCTEMOIO PEIIMPKYIISIiT BUITYCKHUX Ta3iB BHCOKOTO
THUCKY, IO CKJI/Iy SIKOT BXOAATH KEPYIOUHMi KianaH 3, CKpyOep OuMIIeHHs Ta3iB 4, muc-
TepHa 7 TPICHOT BOAM CHCTEMH OYMIIICHHS Ta OXOJIOJPKEHHSI BUITYCKHHX Ta3iB Ta HACOC
6 mojayi MPiCHOI BOJU B CHCTEMY OUYHIIEHHS Ta OXOJIOKSHHS BUITYCKHHUX T'a3iB.

[Mix yac excrumyaranii CUCTEMH PELUPKYJSII] BHITyCKHUX Tra3iB BUCOKOTO THCKY
X KUIBKICTB, 110 MOBEPTAETHCA Yepe3 CUCTEMY OUYMILEHHS JI0 MPOIYBHOTO pPecHUBEpy
Ta MUITHAPIB JANU3EIS, PETYIIOEThCS KiarmaHoM 3. BUITycKHi ra3u OuuInyoThCs 1 Honepe-
JTHBO OXOJIOIUKYIOThCS B CKpyOepi 4, Ticiist 9oro A0MaTKOBUM HarHiTadeM 8 moaatoThCst
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Ha 3MIITYBaHHS 3 TOBITPSIM (1[0 HAIXOAMUTH 3 MOBITPSHOTO KOMIIPECOPY Ta30TypOoHar-
HiTyBa4a 5) 1 layi npsMyIOTh JI0 IPOyBHOTO pecuBepy 11.

OCHOBHOIO METOIO JOCHTiKeHHs Oyno Bu3HaveHHs BIuuBy cucremu HP-EGR na
EKOJIOT14HI MMOKa3HUKK poboTH cynHoBoro ausenss 8GO6OME MAN Diesel, 30kpema Ha
piBensb emicii okcunis asory NO, . KoHueHTpaiis OKCHIiB a30Ty BUMIpIOBAIIach y ra3o-
BUITYCKHIH MaricTpalii qu3elist Ha BijicTaHi, 1o nepedinpimysana 10 M BiJ BUXOJy Ta3iB
i3 ra3oTypOOHarHiTa4a, 10 Bi/IIOBIAa0 BUMOraM TeXHIYHOTO KOACKCY 3 NOX. Bumi-
PIOBaHHSI BUKOHYBAJIMCh JIMIIIE HA CTAJIMX PeXUMax poOoTH, 1o Biamosigamu 60 %,
70 %, 80 % Ta 90 % Big HOMIHAJIBHOTO HaBaHTAKEHHS. [Ipy IbOMY Ha KOKHOMY
3 PeXUMIB CTYNEHb PEIHMPKYISIII MOCTYIOBO 3MiHIOBaBCcS Ta cTaHOBUB 5 %, 10 %,
15 % Ta 20 %. Ha xo)KHOMY 3 PEKUMIB JIOCIIHKCHHS TMOUMHAIIUCS 3 BUMIPIOBAHHS
KOHIICHTpAIIil NOX 3a yMOBHU pobotu ausenst 6e3 Bukopuctanns cucremu HP-EGR
(EGR=0 %). Hagirariiiti nepexoiy J03BOJISLIA BUKOHYBATH JOCIIPKSHHS HA KOXKHOMY
3 pekuMiB ripotsirom 1,5-2,0 roauH, 1o 3a0e3edyBajio CTadiIbHICTh BCIX KOHTPOJIbO-
BaHUX MOKA3HUKIB — YaCTOTH 00EPTaHHS Ta MOTYXHOCTI JIN3€J1s1, KOHLIEHTPAIlii OKCU/IIB
a30Ty Y BHITYCKHHUX Ta3ax, a TAKOXK iX TeMreparypH. [1iJ1 yac J0oCIiPKeHHST Ha KOXKHOMY
3 PSKUMIB MIATPUMYBAIUCH MOCTIHHUMH 3HAYCHHS TEMIIEPATyPH OXOJIO/DKYIOUOi BOH
Ta 3MallyBaJFHOTO MAacTWIIA, a TaKOX (pa3u MamMBOIO/AAadi Ta BUITYCKY Ta3iB. Pe3ynb-
TaTH JOCHIJKCHD 3 BU3HAYCHHS 3MIHHM KUTbKICHUX TIOKa3HUKIB eMICii OKCHJIIB 30Ty JJIst
PI3HUX YMOB NPOBEJICHHS €KCIIEPUMEHTY BiZloOpaskeHi Ha pHc. 2.

NO,
T

kBT Troa
13,0

12,0

11,0F

10,0

9,0

8,0

70 75 30 85 9 N, %

Puc. 2. 3mina xonyenmpayii oxcudie azomy NO,, e/(kBm-200) y eunycknux 2azax
ouzensi 8§G6OME MAN Diesel ons pisnoco cmyners peyupkyasiyii:
0 — poboma 6e3 peyuprynayii, EGR=0 %, 1 — EGR=5 %, 2— EGR=10 %;
3—EGR=15%;,4—EGR=20%

o i
ANO, :%.mo, %,
X
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BUKOHYBAJIOCh BHU3HAUCHHS BIJIHOCHOTO 3MECHIICHHS €MICii OKCHIIB a30Ty NOX.
IIpu mpomy sk NOS mpuitMagach KOHIIEHTPAIiS OKCHIIB a30Ty y BHITAJKY, KOJIH
EGR=0 %; sx NO} — KOHIEHTpAIlisi OKCH/IB a30Ty Ul IHIIMX 3HAYEHb CTYIICHS
permpkysiii EGR (5 %, 10 %, 15 %, 20 %). 3a orpuMaHiMU TIPU IbOMY 3HAYCHHSIMHU
noOyioBana jiarpama (puc. 3).

OnHUM 13 HeraTuBHUX (aKTOPIB, IO OB’ sI3aHi 3 BAKOPUCTAHHSIM CHCTEMHU PELUPKY-
JISIIIT ra3iB, € 301IbIICHHS TEMIIepaTypH ra3iB Ha BUXOJ1 3 HWTIHAPIB. Lle 3yMoBIIOETHCS
MOTIPIICHHSIM SIKOCTI TIPOIIecy 3ropsiHH (Yepe3 3MEHIICHHS! KHCHIO B Ta30MOBITPSHOT
CyMilIIIi) Ta 30UIBIICHHSIM TUTOMOI BUTPATH MAJIUBA I1i]] 4aC BUKOPUCTAHHS PEIUPKYJIsi-
1ii razis. [TiaTBep/PKEHHSIM 1BOTO € JiarpaMu, 1110 HaBeCHI Ha puc. 4.
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Puc. 3. Bionocne smenwenns emicii okcudie azomy NO, 3 6unyckHumu 2asamu Ousens
8G60ME MAN Diesel ons piznoeo cmynens peyupkyniayii:
1 —EGR=5 %, 2— EGR=10 %,; 3 - EGR=15 %, 4 — EGR=20 %
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Puc. 4. 3nina memnepamypu eunycknux 2asie t, °C ousenn 8G6OME MAN Diesel
0713 pi3HO20 cmyneHs peyupryisayii, %:
0 — poboma 6e3 peyuprynsayii, EGR=0 %, 1 — EGR=5 %, 2— EGR=10 %;
3—EGR=15 %, 4— EGR=20 %
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BucnoBku. HeoOxiHicTh 320€3Me4eHHs €KOJIOTTYHHUX MTapaMeTpiB pOOOTH CYAHOBUX
nu3eniB (30kpema, emicii NO, 3 BUITyCKHUMH ra3amu) 3MyIlly€ BUKOPHCTOBYBATH J10/1aT-
KOBI TEXHOJIOTI4HI pitieHHs. OJJHUM 13 TaKMX BapiaHTIB € KOMIUICKTALliS CYTHOBUX JH3€-
JIB CHCTEMaMH PELUPKYJIsLii BUITyCKHHX ra3iB Bucokoro THcky HP-EGR, mo 3a6e3neuy-
I0Th IIPAMYCOBY I10/Iaqy B IFTiHAP YaCTUHH BUIYCKHHX T'a3iB 13 Ta30BHUITYCKHOT CHCTEMH.

[lix yac mpoBeNEHHS EKCIIEPUMEHTIB Ha CYIHOBOMY Majo00epTOBOMY JH3ei
8G60ME MAN Diesel BcTaHOBICHO, IO 3MiHAa CTYNEHS PEHHUPKYISIIT BUITYCKHUX
rasie y jianaszoni 5-20 % 3al0esnedye 3HMKECHHsS KOHLEHTpauii okcuai azory NO,
y BHITyCKHHX Ta3ax BiJIMOBIIHO Ha 5,7—38,5 % 3aeXHO BiJl HABAHTAXKCHHS JTU3EJIs, SKE
B eKcriepuMenTax 3MintoBanucs B intepsaii N =(0,6...0,9)N_ . Ilpudyomy HaiOinbmi
3HAYCHHS 3HIKCHHSI KOHIICHTpAIil OKCHU/IIB a30Ty NO, y BUIyCKHHX Ta3ax BiAmoBiNa-
10Th iHTepBany HaBaHTaxenb (0,8...0,9)N_ . TOOTO HAHMOMIMPEHINIMM 3 €KCILTyaTa-
HIHHUX PEKUMIB POOOTH JHM3EIIB, [0 BUKOPUCTOBYIOTHCS SIK TOJIOBHI.

BukopucTaHHS CUCTEMU PEIMPKYIIAIIT BUITYCKHUX Ta3iB BUCOKOTO THCKY MPH3BO-
JIATB JTO TTiIBUIIICHHS TEMIIEpaTypH BUITYCKHHX T'a3iB, SIKE 3yMOBIFOETHCS TIOT1PIICHHSIM
SIKOCTI TIPOIIECY 3TOPSIHHS Ta 30UIBIIICHHSIM ITUTOMOT BUTPATH MaTHBa. Y 3B’S3KY 3 UM
i1 9ac BUOOPY EKCIUTyaTalliiHIX PEKUMIB POOOTH CYJTHOBOTO JMU3EJISL, [0 OCHAIICHHH
CHCTEMOIO PELUPKYJISIIi BUITyCKHUX Tra3iB, HEOOXiTHO BpaXxOBYBaTH HE JIMIIE EKOJIO-
riuHy e()eKTHBHICTb, aJie i 3MiHM TeMIepaTypHUX HaBaHTAXKCHb Ha LIWIIHAPOBY TPYITy
Ta TA30BUITYCKHY CUCTEMY JH3EIIS.
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Anomauisn

Bcemyn. Oonum i3 saxcnusiuiux enemenmis eghekmusHoi opeanizayii pobomu nopmy nio
yac 3axody CyoHa € MOPCbKe aeeHmy8anHsl: ye 3abe3neqye 63aemMooiio Midc ycima yyac-
HUKAMU NePeBe3eHHsl: CYOHOBNIACHUKOM, eKinajcem, NOpmosuMu CpyKmypamu ma oep-
JHcasHUMU KoHmpomotouumu opeanamu. Ceoeyacne ma AKICHE GUKOHANMS A2EHIMOM C80IX
@DYHKYIT Mae cymmesull MU HA WBUOKICb [ AKICMb 00poOKu cyoeH y nopmy. Y 36 3Ky
3 YCKIIAOHEHHAM npoyecy 00CMABKU BAHMANCY 8 nepiod 06podKU CYyOHA & NOPNTY Ma aKniy-
ABHUM 3ANUMOM W00 A8MOMAMU3AYIL 3 A6NACMbCA NOMpeda )y BNPOBAOICEHHT CYUACHUX
Memooi YNpaeninis, 30KpeMa mepexcesoo naanyeanns. Mema. Memoio docniodicenns
€ niosuLeHHs e(heKmusHOCmi pobomu azeHma 8 nepiod 00CIYe08Y8aHHS CYOHA 8 NOPNLY
30 0ONOMO2010 BUKOPUCIAHHS MEPEeHCe8020 WIAHY8AHHS, MOOMO po3podKa Mepexncesol
Mooeni npoyecy 00CIy208y8anHs A2eHMOM CYOHA OJIsL GUSHAUEHHS KPUMUYHUX Onepayii ma
VPAaxXyBaHHs uacy 6UKOHAHHS | BUAGIEHHSL PE3ePEia, a MAKodiC OOTPYHIMYBAHHS OOYITbHOCM
BNPOBAOIHCEHHS YUDPOBUX IHCMPYMEHMIE OJi NIOMPUMKU a2eHMCbKOL disibHocmi. Pe3yitb-
mamu. llicisa npoeedenuss ananizy ma pospaxynkie 0y10 noby0o6ano Cmpykmypoeamy
Mepedicesy MoOelb, KA BKIIOYAE YCT OCHOBHI emany a2eHmcbKo20 00CIy208y68aHHs CYOHA.:
8i0 OMPUMAHHS NOGIOOMAEHHS NPO NIAHO8e NPUOYMMS CYOHA 00 3a6ePUIEHHS OOPMIEHHS.
OQoKyMenmayii niciia 8i0xody cyona. Y pesynvmami po3paxyukie 0y10 6UsHA4eHO KpUmuy-
HULL WIAX, WO CManosums 34 200uHU, pO3PAX08AHO pe3epsu 4acy 0 OesiKUX onepayil.
Takoowc 3anponoHo6ano NPaKmuyti pekoMeHoayii Wooo niogueHHs egheKmueHocmi npo-
yecy, 6KAUAIOYU BNPOBAONCEHHS YUPDPOBUX cucmem 0OPOOKU OOKYMEHMIB, BUKOPUCHIAH-
HA CMAHOGPMHUX NPOYeOyp Md WMYYHO2O THMENEKMY Olsl NPOSHO3Y8AHHS MONCIUBUX
sampumox. Bucnoexu. Memoo mepesicesozo naanysanns 0036015€ CHPOSHO3Y8amu npoyec
00C1y208Y8aHHSA CYOHA 8 NOPNTY MA NIOBUWUMU eEeKMUBHICTb POOOMU MOPCLKO20 A2eH-
ma. Hozo 3acmocysanns 3uudicye pusux noMUIOK, CKOpodye uac o6pobKu cyoen i niosu-
Wye 3a2anbHull pieeHb onepamueHoi pooomu cyoen i nopmis. Pezynsmamu docniodicenns
MOACYMb OYMU KOPUCHUMU 051 RPAKMUYHO20 GUKOPUCHAHHS 8 YKPATHCHKUX NOPMAx 3 ypa-
XVBAHHAM cneyudiku sIMmuUsHAHOI HOPMAMUBHO-NPABOBOT OA3U.

Knwwuogi cnosa: mopcokuii azenm, MOpCoKull Nopm, mepedceee niany8anHs, Kpu-
MUYHUL WLTAX, CYOHO, 00CTY208Y8AHHS CYOEH.

© Binbmanwk M.C., 2025
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ENHANCING THE EFFICIENCY OF MARITIME AGENCY OPERATIONS
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Odesa National Maritime University, Odesa, Ukraine,
ORCID ID: 0000-0001-5396-6691

Summary

Introduction. One of the most important elements of efficient port operations is
maritime agency, which ensures interaction between all parties involved in the transport:
shipowner, crew, port authorities and state regulatory bodies. The timely and high-quality
performance of the agent's functions has a significant impact on the speed and quality of
ship handling in the port. Due to the complication of the cargo delivery process during
the period of ship handling in the port and the current demand for automation, there
is a need to implement modern management methods, in particular, network planning.
Purpose. The aim of the study is to increase the efficiency of the agent's work during the
period of ship handling in the port by using network planning, i.e. to develop a network
model of the process of ship handling by the agent to identify critical operations and
take into account the execution time and identify reserves, as well as to justify the
feasibility of introducing digital tools to support agent activities. Results. After the
analysis and calculations, a structured network model was built, which includes all the
main stages of ship agent services: from receiving a notification of the scheduled arrival
of the vessel to completing the documentation after the vessel's departure. As a result
of the calculations, the critical path of 34 hours was determined, and time reserves for
some operations were calculated. The author also offers practical recommendations for
improving the efficiency of the process, including the introduction of digital document
processing systems, the use of standardized procedures and artificial intelligence to
predict possible delays. Conclusions. The network planning method makes it possible to
predict the process of servicing a vessel in the port and allows to increase the efficiency
of the maritime agent. Its application reduces the risk of errors, shortens the time of
vessel handling and increases the overall level of operational performance of ships and
ports. The results of the study may be useful for practical use in Ukrainian ports, taking
into account the specifics of the domestic regulatory framework.

Key words: maritime agent, seaport, network planning, critical path, ship, ship
handling.

Beryn. Ha mMopchkoMy TpaHCHOpPTI MOCEpEAHUIbKA JisUTBHICTE Ma€ BEIHKE 3Ha-
yeHHs1. [locepeTHUKY 3B’ SI3YI0Th MiXK COOO0 OCHOBHUX YYaCHHUKIB JIOCTABKH BaHTAXKY,
0 3HAYHO crpoiye nporiec. OAHUMHU 3 BOKJIMBIIIUX MPEICTABHUKIB IIi€l ramysi
€ MOPCBKI areHTH, SIKi 3/IIMCHIOIOTh areHTYBaHHS CyJACH — OCOOJIMBUI BUJ| B3aeMOJIIT
YYaCHUKIB MEPEBE3CHHSI B MOPCHKOMY Cepe/ioBuIill. B 000B’s3KH areHTa BXOJUTH SIK
opraHizaliifHO-TeXHi4Ha JOIOMOra eKilaxy Iij 4yac nepeOyBaHHS B IIOPTY, TaK i nMpe.-
CTaBHUITBO 1HTEPECIB CYTHOBIACHUKA Ha JJOTOBIPHUX YMOBaX.

VY KOPCTKUXEFMOBAX KOHKYPEHII MiXK CYTHOTJIABHUMH KOMIIAHISIMH TTOKPAILCHHS
PIBHS IOCITYT areHTIB € BAXKIIUBUM (aKTOPOM, 110 BIUTHBAE Ha poOoty (ioty. EdexruBhe
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areHTchke 00CITyrOBYBaHHSI CIIPHSIE 3MEHIICHHIO Yacy CTOSIHKU CYJIHA B MOPTY, ITiJ{BH-
HICHHIO €()EeKTHBHOCTI TPAHCIIOPTHHUX MPOIECIB i 3HWKEHHIO 3arajbHUX BHTPAT CY/-
HOBJIACHUKA.

B yMoBax akTHBHOTO PO3BUTKY MOPCHKHX TMEpPEBE3€Hb Ta 3pOCTaHHS BUMOT IIO/I0
OIIEPaTHBHOTO 0OCITYTOBYBaHHS B IMOPTY JisUIbHICTH MOPCHKOTO areHTa Ma€ BEJTUKe 3Ha-
yeHHs1. []e MosICHI0OEThCSl BUKOHAHHSIM areHTOM (DYHKIIIH KOOpAMHATOPA MIXK CYJHOBIIAC-
HUKOM, ITOPTOM, KOHTPOJTIOIOUMMH OpraHaMu Ta eKinaxxem cynHa. HeedekruBHe miany-
BaHHS OKPEMHUX €TalliB areHTChKOi pOOOTH MOKE MPHU3BECTH JIO0 3aTPUMOK Ta 30HTKIB.
J1iist 3MEHIIICHHST PU3HKIB Ta BTPAT 4acy MPOIMOHYEThCSI 3aCTOCOBYBAaTH METO]] MEpEKe-
BOTO IIAaHYBaHHSI.

IMocTtanoBka nmpodjemu. B yMoBax iHTEHCHBHOTO PO3BHUTKY CBITOBHX TPaHCIIOPT-
HUX TPOIIECIB POJIb MOPCHKOTO areHra SIK MPOBIIHOTO TMOCEPEHNKA MIXK CYTHOBIIAC-
HUKOM Ta MOPTOBHMH CTPYKTYpPaMH 3HAYHO 30UIbIIMIack. He3Baxkaroun Ha TeXHIYHUH
nporpec, 06arato areHTChKMX OINepaliil y MOPChKMX MOpTax YKpaiHW 3aJIMIIAIOThCS
P03’ €IHAaHUMH, BUKOHYIOTBCSI Bpy4HY a00 3a MpolielypamH, 10 He Bi/IOBIIAIOTh Yacy.
Lle Moke MpHU3BECTH JI0 3aTPUMOK, JTOAATKOBUX BHUTPAT 1 3HWKEHHSI KOHKYPEHTOCIPO-
MOKHOCTI moptiB. Ha cuTyalliro Takok BIUIMBAE HEIOCTATHIN piBeHb HU(pOBizallil
JIOKYMEHTOOOITY, BIICYTHICTh €JIMHUAX CTAHJAAPTIB B3a€EMOIii MK yJaCHHKaMHU TIPOIIECY
Ta 00MEKEeHE 3aCTOCYBaHHS Cy4aCHUX METO/IIB YIIPABIIHHS MPOLECOM. Y 3B’S3KY 3 UM
BUHUKAE HEOOXITHICTh BIPOBA/HKEHHS ¢(PESKTUBHUX METOJIIB MOJICIIFOBAHHS Ta ITiJ[BHU-
IICHHS €(PEKTUBHOCTI JISIIBHOCTI MOPCHKHMX areHTIB, 30BpeMa 3aCTOCYBaHHS METOY
MEpPEKEBOr0O IiaHyBaHHs. Lleit MeTon 103BoJIsi€ OUIBII TOYHO OLIIHUTH TPHUBAICTH
OKpEMHX €TalliB Ta BUSIBUTH KPUTHYHI TOUKHW BIUIMBY Ha 3arajbHUH Mpolec 00CIyro-
BYBaHHS CY/ICH.

AHaJi3 ocTaHHiX A0caizKeHb Ta myoaikanii. [Turanus opranizamii npogyKTHBHOT
poOOTH areHTa 3 00CITyroByBaHHS CYJICH PO3IIISIATIOCS B 0ararbox Mparsix yKpaiHCbKHX
Ta 3apyODKHUX JOCIITHUKIB. 30KpeMa, B cTarTi [ 1] akIleHTOBaHO yBary Ha (opmaliza-
1ii Tpoliecy areHTChbKOTO OOCITyTrOBYBAaHHS 3a JIOTIOMOTOIO OIEPaTOpiB TEMITOPATBbHOT
sioriku. Y pobortax [2—4] BUBUAIOTHCS ITUTAHHS aBTOMATH30BaHOI 1H(pOPMAIIIHOT CUC-
TEMU MIJATPUMKH MOPCHKOTO arcHTa Ta KOHIICIIIIT €IMHOTO 1H()OPMAIIHHOTO IPOCTOPY
Ha MOPCBKOMY TPaHCIIOPTI.

MeTonu MEpeKeBOTO TUIAHYBAaHHS B JIOTICTHUII OyJIM MPOaHaIi30BaHi B mpamsx [5],
JIe 3aIPOIIOHOBAHO PsiJ 3IaTOBAHUX JI0 MOPCHKUX NIEPEBE3CHb MOIETICH, 110 JO3BOJIS-
I0Th BUSIBUTH KPUTHYHI €TaIy JIOTICTHYHHUX TpoIeciB. Y poOoTi [7] HaromomryoTs Ha
BOXJIMBOCTI M(poBoi TpaHchopmallii MOPTiB Ta BIPOBaHKEHH] TU(QPOBUX m1atdopm
JUTsL B3aEMOJIIT MIXK areHTaMu, MOPTOBUMH aJIMIHICTPALISIMU Ta JICPKABHUMH OpraHaMH
KOHTPOJTIO.

Cepen 3apyODKHUX JIOCHIKCHb BapTO Bia3HauuTH mpaii [10], ki q0CHiKyHOTh
CTPYKTYpHI 3MiHU B JIOTICTHIII Ta BHUKIHMKH JUIS MOPTOBHX aJMiHICTpallidd, a TaKoxX
3aciIyroBye yBaru po0ora [8], e mpecTaB/ieHUi CUCTEMHHUIN aHaIi3 TPAHCIIOPTHOI reo-
rpadii B ymoBax mudpoBoi eKOHOMIKH. Baromuit BHECOK y po3yMiHHS poii (poBUX
THCTPYMEHTIB Y JIOTICTHIII 3p00iIeHo y po3Bii [9].

He3Baxkatoun Ha HasgBHI 3700yTKH, MUTAHHS MPAKTHYHOTO 3aCTOCYBAaHHS METOIB
MEpEeKEBOTO IJIAHYyBaHHS CaMe B JIISUTBHOCTI MOPCHKOTO areHTa 3aJIMIIAEThCS HEI0-
CTaTHLO PO3poOsieHUM. lle 3yMOBIIOE HEOOXiMHICTh BHUPIIICHHS [HOTO THUTAHHS 3a
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JIOTIOMOTOI0 MOJIETi, sika O BiJIOBiIaa CyyacHUM yMOBaM (DYHKIIIOHYBaHHS Ta CIICIH-
¢biri areHTCHKOro 00CIyroByBaHHS CYJICH.

Meta crarTi — migBHIIEHHS €(EKTHBHOCTI pOOOTH MOPCHKOTO areHTa TiJ Yac
00CIIyroByBaHHs Cy[JHa B MOPTY 3a JOMOMOIOK BUKOPHCTaHHS METOAY MEpPEkKEBOTO
TUIaHYBaHHS, TOOTO po3po0Ka MPaKTUYHOT MepekeBOI MOZIET, sika BiloOpaxae MOBHHUN
LUKJI ar€HTCHKOTO 0OCITyrOBYyBaHHs Cy[HA 3 YpaxyBaHHSIM B3a€MO3B’SI3KiB MiXk orepa-
LiSIMH, KpUTUYHUX NUISXIB Ta MOTEHUIHHUX pe3epBiB yacy. JocniIKeHHsT TaKoXK CIIpsi-
MOBaHE Ha aHaji3 MOMKJIMBOCTI BIIPOBAUKECHHS LHU(PPOBUX iHCTPYMEHTIB B areHTCHKY
TUSUTBHICTB AJ1s1 3a0e3neueHHs 11 Mpo30pocTi Ta e(peKTUBHOCTI.

Bukaan ocHoBHoOro marepiamy. B ymoBax MiHiMi3amii yacy nepeOyBaHHS CyqHA
B IIOPTY OCOOJIMBOrO 3HAUCHHS HAaOyBa€ 3aCTOCYBaHHS METOIB IJIaHYBAaHHS Iij 4ac
areHTCHKOTO 0OCITYTOBYBaHHI Cy/IHA B TIOPTY. Y JIOTICTUYHOMY JIAHITIO31 IOPT € OTHUM i3
HaWBaYKJTMBIIITNX €JIEMEHTIB, III0 CYTTEBO BILTMBAE HA Yac MOCTaBKH. | 11eit (hakTop 0coo-
JIUBO aKTyaIbHUH TSI yKPaTHCHKHX TTOPTiB, OCKUTBKH ITEepiosl 00pOOKH BaHTAXKY 1 CyaHA
B MTOPTY 3aJICXKHUTH BiJl OaraTboX MPUYMH 1 MOXE TEPEBUIIYBATH CEPETHHOCTATUCTUYHI
3HAYEeHHS I[i€] BETMYMHHU TOPTIB-KOHKYpPEHTIB. llpnana Moxe Oytu kinmbka. OnmHi€ro
3 HUX € HEY3TO/DKEHICTh Jii iy yac opraHizallii oOpoOKH CyqHa B IEpiojl CTOSHKH.
Croai MOXKHA BijJIHeCTH Hee()EKTUBHE TUIAHYBAHHS OIEpallill 1 HEOCTaTHIO aBTOMATH-
3allilo MpoIecy Mij Yac 3ax0Ay cyAHa. TakuM YMHOM, CKOPOYCHHS 4acy mepeOyBaHHs
Cy[IHa B TIOPTY € aKTyaJIbHUM ITUTAHHSIM.

VY mocnigpkeHHI BUKOPHCTAHO METOJ] MEPEKEBOTO IJIaHYBAaHHS JJIsl MOJICIIOBAHHS
npoliecy areHTCHKOro 00CIyTrOBYBaHHS Cy/IHA B yMOBAax MopTy. MepeskeBi MoieIi 103BO-
JSIFOTBH BiZJOOpakaTH CYKYIMHICTb omepamniid, HeOOXiJHUX I MOBHOTO OOCIIyTrOBYBaHHS
Cy[Ha, a TAKOX JIOT14Hi Ta 4acoBi 3B’S3KM Mi>K HUMU. OCHOBHMMH MapaMeTpaMH TaKUX
Mozesel € KpUTHUYHMN LUISX, Pe3epBU dacy omepaiiil Ta MapmpytiB. byno 3i0paHo
Ta y3araJlbHeHO eMITipUYHI JIaHi 3 MisIIbHOCTI MOPCHKHX areHTiB B yKPaiHCHKHUX MOPTaX.
OCHOBHY yBary NpUIUJICHO OIIepalisiM, SKi HaiOiIbIle BIUIMBAIOTh HA 3arallbHUH dac
00CITyroBYBaHHS Cy/IHA.

Y Mexax TOCIiIKEHHS 3MOAEIbOBaHUN TOBHUH IIUKJI Ar€HTCHKOTO 00CIIyTOBYBaHHS
CyIHA 3 YpaxXyBaHHIM CIeU(iKA pOOOTH YKpaTHCHKHUX TOPTIB. Jls KoskHOI omeparrii
OyJ10 BU3HAYEHO TaKi MapaMeTpH: JlaTa MoYaTKy, TPUBAJIICTh Ta 3aJICKHICTh BiJl IHITAX
OTIepaIliid.

[ToOymoBaHMiA IIUKIT JO3BOJISIE B PeaIbHOMY Yaci:

— OTPHUMYBATH 3arajbHy KapTHHY MTOCTiAOBHOCTI Iiif;

— BHSABJISTH MPOOJIEMHI MICITS B TIPOIIECi areHTCHKUX OTIePalliid B TOPTY;

— MPOBOJUTH MOHITOPUHT Ta KOHTPOJIb BUKOHAHHS POOIT;

- CBOEYACHO pearyBaTH Ha 3aTPUMKH a00 BIAXUIICHHS Bifl rpadiky.

Oco0iuBy yBary 0yJ10 MPHUIIJICHO BU3HAYEHHIO KPUTHYHOTO HUISXY, TOOTO MOCIiI0B-
HOCTI JIili, B1JT IKUX O€3M0CEPEHBO 3aJICKUTh TPUBAIICTh TIPOIIECY OOCITyTOBYBaHHSI.

[ToGynoBa MepexeBoi MoJeNi 31IHCHIOETHCSI HA OCHOBI MONEPEIHBO CTPYKTYPOBa-
HOTO MepeiKy QyHKIIH areHra.

[Tix yac onparroBanHs OyJ0 PO3MISIHYTO AETAIbHY MEPEKEBY MOJENb areHTChKUX
omepauiil y mopty. Bona ckiagaerscs 3 16 oneparnii:

1. OtpumaHHs HOTica PO NPHUXiA CyIHA.

2. Peecrpariis iHdopmariii B CyTHOBIH cITpaBi.

3. 306ip mepBuHHOI iHpOpPMAITi.

4. TloBimOMIJICHHSI KOHTPOJIIOIOYNX OPTaHiB.

102



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

N

[MinroToBKa OOPMIICHHS SKIMaxy.
KoopauHartist 1I0LIMaHCHKOTO Ta OYKCUPHOTO MTPOBE/ICHHSI.
Hominauis npuyaiy.

KoHTpoJ1b BaHTaKHHUX OTIEPAIlil.

9. OdopmileHHS CyTHOBUX JOKYMEHTIB.

10.

[lepenaua BaHTaXHOI AeKIaparrii.

11.Koopannariis 3 MUTHHUIICHO.
12.0dopmMIieHHSs! BETEpUHAPHOTO, EKOJIOTIYHOTO 1 (hiTOCAHITAPHOTO BU/IIB KOHTPOJIIO.

13.
14.

3aBepIIeHHS BAHTAKHUX OITepartii.
[TinroToBKa 10 BiIXOMy.

15. 3aBanTa)keHHS (iHATHLHOTO ITAKETa TOKYMEHTIB.

16. 3aBepIlIeHHS ar€HTCHKOTO CYTIPOBOTY.

VYei omepartii Oyo cHCTEMaTH30BaHO Ta BIJHECEHO JIO THUIIOBOTO TPOLIECY, SIKHMA
MOYKHA TIPEJICTABUTH B y3arajlbHCHOMY BUIIISAI poOOTH areHTa. Takuil TMIOBHUI Mpo-
[IEC areHTChKOTr0 00OCIYyrOByBaHHS 3aHECEHO B TaOJUIIO 1.

Tabmuus 1
Omnepanii mpomecy areHTCbKOro 00CJIyroByBaHHsl CyAHA B MOPTY
Ne Onepauist Onuc
B0 | OtpumanHs MOBIIOMIICHHS BiJl CyqHOB- | BusHaueHHs yacy mpuOyTTs
JIaCHHKa
B1 |IligroroBka 1o mpuOyTTS 30ip JaHWX, OTIEPETHE TUIAaHYBAaHHI
B2 |Howminamist npuyairy Y3rofKeHHs 3 AUCHETYEPOM OPTY
B3 |KoopnuHamis sormancekoi / Oykcuproi | B3aemomist 3 mopToBuME iy kOamu
MPOBOJIKH
B4 | Odopmienns npuxomy [TomanHa TOKyMEHTIB
B5 | KoHTponb BaHTa)KHHX Orepartii KoopauHariis ekinaxy Ta TepMiHaIy
B6 |IlepeBipka TOTOBHOCTI IO BIXOXY 3aBepIeHHsI BCIX Omepartii
B7 | OdopmieHHs BiAXomLy OTpuMaHHS 103BOJTy Ha BHUXIJI
B8 |3akpurTs moxymeHrarii PozpaxyHku 3 noprom

Ha ocHOBI BUBYEHHS IIPOIIECY areHTCHKOTO CYNPOBOY OyJI0 BU3HAYCHO TPUBAIIICTh
orepariiif — 1l JaHi 3aHeceHo B TaOmuito 2. Ha OCHOBI JIOTiKM BUKOHAHHS OTeparliit
o0Oy/I0BaHO MEPEXKEBY JliarpamMmy 3 OTPUMAHOIO TPUBAIICTIO KOXKHOI 3 Omepallii.

Tabmuus 2
TpusaJjicTs onepamnii
Kon Onepauist TpusaJuicTs (roa.)
BO [ToBimomieHHs 2
B1 [TizroroBka 3
B2 BpoHIoBaHHS npHyalry 2
B3 OdopmIiteHHS TPUXOIY 4
B4 JlormaHchKka/OyKcHpHa TIPOBOJIKA 6
B5 BanraxHi omeparii 8
B6 [lepeBipka 3
B7 OdopmIieHHS BiXOIy 4
B8 3aKkpuTTA 2
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Jami 3a pesynsratramu CPM-aHaizy CTBOPEHO TaOJUINO 13 3a3HAYCHHSIM PaHHIX
Ta Mi3HIX TEPMIiHIB BUKOHAHHS orepariiit (tadi. 3)

Tabmums 3
Panni Ta nizHi Tepminn
Kox Panmnii Panne Mizniit Mizne Peseps
MOYATOK 3aBepIUeHHs MOYATOK 3aBepIIeHHs
B0 0 2 0 2 0
Bl 2 5 2 5 0
B2 5 7 5 7 0
B3 7 11 7 11 0
B4 11 17 11 17 0
B5 17 25 17 25 0
B6 25 28 25 28 0
B7 28 32 28 32 0
B8 32 34 32 34 0

ITicnst mpoBeaeHHs HEOOXIAHUX PO3PAXYHKIB OTPUMYEMO KPUTHUHHUN IIIISIX:
B0 —- Bl - B2 —-B3 - B4 —-B5—B6 —>B7— BS.

Hiarpama PERT mozBonuia BUSIBUTH KPUTHYHUH LUISSX TPHUBAJICTIO 34 TOIMHHU.
3a TOTIOMOTOI0 PO3PaxyHKIB BU3HAYCHO PE3EPBH IS TAKUX OIEpalliif, sSK IMiAroToBKa
odopmIleHHS eKinaxy (2 TomuHM), KoOpauHaiis 3 MUTHHLE (3 rognHn) Ta 0dopM-
JIeHHS BeTeprHapHoro KoHTpouo (1 roguna).

Byno BusiBNeHO, 0 KPUTHYHUH IUISX TPOXOIUTH Yepe3 Taki KITFOYOBi €Taru: MoBi-
JIOMJICHHSI OpTaHiB KOHTPOJIIO — 3a0e3Me4YeHHs JIOIMaHa — KOHTPOJb BAHTaXKHUX OTle-
pauiif — MuTHE 0()OPMIICHHSI — 3aBEPILEHHS ar€HTCHKOIO CYIIPOBOIY.

Po3paxyHKku CympOBOMKYIOTBCS liarpaMor0 MEpesKi Ta TaOMUIIEeI0 TPUBATIOCTI KOXK-
HOI orepariii, 3 OISy Ha ONTHMICTHYHY, IECUMICTUYHY Ta HMOBIpHY OLIIHKH 328 METO-
nuxoro PERT.

MepeskeBa MOzEIb Aa€ 3MOTY JETajIbHO IIPOAHAJI3yBaTH KOXKEH €Tall areHTChKOIO
CYIIPOBOJy, BUSIBUTH OIlepallii 3 HaiOUIBIIUM BILUTMBOM Ha TPHUBAIICThH YCI€T mporie-
IypH. 30KpeMa, 3aTPUMKH Ha eTanax oQopMIIeHHS JOKYMEHTIB Ta Oprasizaiii mopTo-
BUX TIOCIYT € HAHOLIBIT KpUTHIHUMHU. J{J1s1 TiABHIIICHHS €(DeKTUBHOCTI MTPOTIOHYETHCS:

— BOPOBAaIUTU HU(POBY IIAT(HOPMY ISl €IEKTPOHHOTO JOKYMEHTOO00Iry;

— yHi¢iKkyBaTH I1a0JOHU BU3HAYEHHX /il areHTa;

— aBTOMATH3YBaTH MOTO/HKEHHS 3 TOPTOBUMH CITYKOaMH.

Bapro npu mboMy 3a3HauNTH, IO B ASSKHUX MOPTaxX YKpainu BBommiacs [Hpopma-
LiifHa cucTeMa HOPTOBOTO CIIBTOBAPHUCTBA, aJie HaTeIep BOHA HE IPALIIOE.

BrpoBajkeHHST cHCTEM E€IEKTPOHHOTO JOKYMEHTOOOIry Mae JeKiJibka IepeBar:
JIO3BOJISIE 3MEHIIUTH Yac OOpPOOKM JOKYMEHTIB, MIJIBUIIUTH IPO30PICTh MPOIEIYD
Ta MiHIMI3yBaTH JtoAckkuid (axrtop. e BapTo 3a3HAUNTH, IO CTaHAAPTH3AIIS UG-
poBuX (HOPM 103BOJISIE MPUIIBUALINTH OTOKEHHS MK CTOPOHAMU Ipouecy. [nTenex-
TyaJbHI CHCTEMH MOXYTb aHalli3yBaTH OYiKYBaHi JaHi Mpo mpuOyTTs Cy[eH, MOT0IHi
YMOBH, 3aBaHTAXXCHICTh MOPTOBUX 00’ €KTIB Ta MPOTHO3YBaTH PU3MKHU 3aTpUMOK. Li aii
JIO3BOJISIIOTH areHTy €(EeKTUBHO 3/IIHCHUTH omeparlii 3 00CIIyroByBaHHsI Cy/IHA.
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Jist mokpaieHHs poOOTH areHTa 3 HOBITHIMU IHCTPYMEHTaMH POTIOHYETHCS BITPO-
Ba/DKCHHS ITporpaM Oe3rnepepBHOTO 1oro HaBdaHHs. ChOTOMHIMIHIN PO3BUTOK HU(PO-
BUX CHCTEM MOTPEOYyE BiJ] KaPiB MOCTIITHOTO HABYAHHS Ta CAMOBJIOCKOHAJICHHSI.

BucnoBku. [ToOynyBanns MepexeBoro rpadika € epeKTHBHIM 1HCTPYMEHTOM JIJISI
MOKpAIEHHS TPOIECIB areHTCHKOr0 OOCIYTOBYBaHHS Cy/IEH. 3aCTOCYBaHHS METOIY
MEpEeKEBOr0 TUIAHYBAaHHS JIO3BOJISIE 3MCHIIMTH Yac CTOSIHKH, TMOKPAIIMTH B3aEMO-
JII0 3 TIOPTOBUMH CTPYKTYypaMH, BUSBUTH PE3EPBH Yacy Ta ITiIBUIIUTH ¢(CKTUBHICTD
00CITyroByBaHHS. 3 OINIsIy Ha crielu(iKy yKpaiHChKHX IOPTIB Tpeba 3a3HAYMTH, IO
3a TMEBHUMH OTEpallisiMi CKIIQJHO 3allJIAaHyBaTH TOYHHWH Yac BUKOHAHHS, HAIPHUKIIAJ
oopmiteHHsI puXoy / BiTX01y CyHa, MUTHE O(OPMIICHHS T2 BHHUKHEHHS M03aIITaT-
HUX OIEpallii miJ1 yac BaHTaAKHUX poOIT. ToMy 11i omepariii BiJHECEHO 10 KPUTUYHHUX,
JUISL HUX BU3HAYCHO pe3epBU Yacy. BUKOpUCTaHHS METOy MEPEKEBOTO TUIAaHYBaHHS 13
3a]y4CHHSIM TOPTOBUX CIIYKO JJO3BOJUTH CKOPOTHUTH Yac 3HAXO/KEHHS CY/IHA B ITOPTY.
JlonaTkoBO TPOIOHYETHCSI BIIPOBADKCHHS MU(POBUX TEXHOJOTIH, aBTOMATH30BaAHUX
CHCTEM Ta MPOTHO3HOTO aHali3y, MO0 CTBOPUTH YMOBH JJIsl PO3BHUTKY aJlaliTUBHOI
Ta areHTChKOI CHCTEMH, sIKa OINEPAaTHBHO pearye Ha 3MiHH. MepexeBe IUIaHyBaHHS
y cdepi MOPCHKOTO areHTyBaHHsI JI03BOJISIE BU3HAYUTH MOMEHTH 3HWKCHHSI TIPOJTYKTHB-
HOCTI poOOTH, TOKPAIMTYA KOOPUHALIIFO /il Ta 3HU3UTH pu3uku. OTHOYACHE BIIPOBA-
JUKEHHS NUQPOBUX TUIATGOPM 1 aBTOMAaTH30BAaHUX CHCTEM JOKYMEHTAIli MPHCKOPIOE
areHTChKI MPOIIECH Ta MiIBUINLYE KOHKYPEHTOCIIPOMOXKHICTh IOPTIB.
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Anomauin

Bcemyn. 'V 6acamvox pobomax 6yno ompumano, wo npobiemu nioguuyeHus egex-
MUBHOCMI 3ACMOCYBAHHA 8 MPAHCHOPMHUX CUCTNEMAX A8MOMPAHCNOPMHUX 3ACO0i8,
30epedicertsl 3011CHcs ma NPuBederHs1 1020 68 NPOOYKM UPIULYIOMbCSL NIO 4acC KAMNAHIT
300Dy 8POHCAIO 3EPHOBUX CIIbCLKO2OCNO0APChKUX Kyivmyp. Mema nonseae y gopmy-
BAHHI MEMOOUYHUX NepedyMO8 O0OTPYHMYBAHHS MOOENi V32004CeHHsT MPAHCNOPIMHUX
NOMOKIB Nepede3eHHsl 30IHCHCA A8MOMPAHCROPMHUMU 3aCoDaMU 3 NOsL 00 MUMYa-
co6020 nyHkmy 30epicanus. Pesynomamu. byio ompumano, wo Ha niocmasi eupoo-
HUYUX MONCIUBOCTEU, 8APMOCMI 30UPAHHA MA NePeBe3eHHs 3ePHd, NPONYCKHOI Chpo-
MOJUCHOCMI NYHKMIB 30epicanHs ICHYE MOJICTUBICIb SUPTUEHHST 3A0aU4l GU3HAYEHHS
ONMUMANLHUX NIIAHIE 30UPAHHA MA PO3NOOLILY MPAHCHOPIMHUX NOMOKI6 30idcoics ceped
MUMYACOBUX NYHKMIG 30epieanHs, 3a YMOBU MIHIMI3ayii cymu sumpam Ha 30upanHsi
ma mpaHcnopmy8aHHs 3epHA 3 YPAXYB8AHHAM 8MPAam 3epHd. 3anponoH08aHo, Wo napa
00°em nepeseseHHs 00ca2y CilbCbKO2OCNOOAPCHKO20 30I4CHCA 3 NOJISL 3d 8aPIAHIMOM
KaMnawii 00 nynkmy 30epicants ma iHmeHCU8HiCMb 3aCMOCYBAHHS 8APIAHMY KAMNAHIT
noasl 30Upantsl CLbCbKO2OCNOOAPCHKO20 30IXCIHCS XAPAKMEPUIVE auiie Mool GUPOOHU-
YO-MPAHCROPMHUL NIAH, AKWO ICHYIOMb 4imki ymosu. Ilpu ybomy o6 ’em nepesesenms
00cs12y CibCbKO2OCNOOAPCHLKO20 30I2ICIHCA 3 NOSL 34 BAPIAHMOM KAMNAHIL 00 NYHKMY
30epicanHs ONUCYE KOMNOHEHMY 8UPOOHUYO20 NIAHY, A THIMEHCUBHICb 3ACMOCYBANHS
sapianmy Kamnauii nojis 30upanis ClibCbKO20CHOOAPCbKO20 30IHCHCA — MPAHCHOPIHO-
2o naany. Jlooanku yinbosoi yHKyii npedcmasumo y 6udi maxkux pieHsiib, wo 8i000pa-
2HCaromo 8i0N0BIOHO GUPOOHUYT Ma MPAHCNOPMHI GuMpamu 3 peanizayii niany. Bupoo-
HUYO0-MPAHCHOPMHULL NIAH 88ANCAEMO OONYCIMUMUM, AKWO BiH 3A00BONbHAEC YIMKUM
YMOBAM [ ONMUMAILHUM, SKWO, KPIM Mo20, 00Cmasine MiHimym @ynxyii. Bupiuien-
HSl 3anpONOHOBAHUX BUPA3I6 € PIleHHsl 3A0ayl YACMKOB020 YLIOYUCENbHO20 JIHIHO-
20 NPOSPAMYBAHHA | XAPAKMEPU3YEMbCA HU3KOIO Cneyuiunux ocobnugocmei. Aneo-
pumm nepedbauac nodyoo8y nociio08HOCMI MAKUX GUPOOHUYUX NIAHIE, KOMPUM CyMd
BUPOOHUYUX | MPAHCNOPMHUX eumMpam MinimaroHa. OCKilbKU OMPUMAHULL HA NEPULOMY
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Kpoyi 6UPOOHUYUL NIAH € HAUKPAWUM 3 NO3UYIL sumpam HA 8UPOOHUYMBO NPOOYKYI,
NONINUWEHHsL YIET CYMU MOJICHA O0CASMU TuLie 2ipuiull 6UpoOHUYULl NAAH, ale NPU Ybo-
MYy OmMpUMYIOuU 6eIUKY eKOHOMIIO Ha mpaucnopmuux eumpamax. Bucnoeku. 'V yiil
cmammi Mu nOKA3YEMO, WO ICHYIOMb MemOoOUuyHi nepeoymosu 0OIPYHIYGAHHS MOOe-
T Y320021CEeHHs. MPAHCHOPMHUX NOMOKIE NEPede3eH s 30IH4CHCL A8MOMPAHCHOPIHU-
MU 3acobamu 3 noas 00 MUMYACOB020 NYHKMY 30epicanus. Bcmanosneno, ujo modens
BUBHAYEHHSL 00CS2I6 MPAHCHOPMYBAHHS 0OMOLOUEHO20 3ePHA 610 KOMOAIHIE 00 NYHKMY
MUMHACOB020 30epieanis 3 YPAXY8aAHHAM 6Mpam 3epHA Npu 30UPanti 6pOAHCaAI0 Nic-
JI5L ONMUMATNBHUX ACPOMEPMIHIE PO321sI0ae onepayii 30upants ma mpaHcnopmyeanHs
3epHa AK €OUHUL HeNnOOLIbHULL npoyec i 00380A€, 3A80AKU PAYIOHATLHOMY PO3NOOLLY
MPAHCROPMHUX NOMOKIE 3I0PAHO20 3ePHA, 3MEHWUMU 6MpPaAmuy 3epHa npu 30UpanHi
8POACATO 30 OOMEIICEHHS ONMUMATLHUX ACPOTEPMIHIS.

Knwuoei cnosa: asmompancnopm, 30i2coicsi, MOOeb, a2ponpoMUCiosull KOMNIEKC,
MPAHCROPMHUL NOMIK.

MODEL OF COORDINATION OF TRANSPORT FLOWS
OF GRAIN TRANSPORTATION BY VEHICLES FROM FIELD
TO TEMPORARY STORAGE POINT

O.A. Voronkov!, L.L. Rogovskii’

IChairman of the cycle commission of transport technologies,
Professional College of Engineering, Management and Land Management of the State
University of the State University "Kyiv Aviation Institute”, Kyiv, Ukraine,
ORCID ID 0000-0003-0955-9081
DS, Professor, Head of the Department of Technical Service
and Engineering Management named after M. P. Momotenko,

National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine,
ORCID ID: 0000-0002-6957-1616

Summary

Introduction. Most of the works have received that the problems of improving the
efficiency of use in transport systems of vehicles, preserving grain and bringing it into the
product are resolved during the campaign of harvesting grain crops. The purpose is to
formulate methodological prerequisites for substantiating the model of coordination of
transport flows of transportation of grain by motor vehicles from the field to a temporary
storage point. Results. It was obtained that on basis of production opportunities, the
cost of harvesting and transportation of grain, the capacity of storage points there is
a possibility of solving the problem of determining the optimal plans of harvesting and
distribution grain. It is proposed that the volume of transportation of agricultural grain
from the field by the campaign to the storage point and the intensity of the variant of the
campaign of the field of field harvesting field is characterized only when the production
and transportation plan, if there are clear conditions. At the same time, the volume of
agricultural grain transportation from the field by the campaign to the storage point
describes the component of the production plan, and the intensity of using the variant
of the campaign of the field of harvesting agricultural grain — a transport plan. The
additions of the target function will be presented in the form of equations, which reflect
accordingly production and transport costs for the implementation of the plan. The
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production and transmission plan is considered acceptable if it satisfies clear conditions
and optimal, if, in addition, delivers a minimum of function. The solution of the proposed
expressions is to solve the problem of partial integer linear programming and is
characterized by a number of specific features. The algorithm involves the construction
of such production plans, which is minimal. Since the production plan obtained in the
first step is the best from the standpoint of production costs, only a worse production
plan can be improved, but getting a lot of savings on transport costs can be achieved.
Conclusions. In this article, we show that there are methodological preconditions for
Justifying the model of coordination of transport flows of transportation of grain by
motor vehicles from the field to a temporary storage point. It is established that the
model for determining the volume of transportation of threshed grain from combines
to a temporary storage point, taking into account the loss of grain when harvesting
after optimal agro -termini, considers the operations of harvesting and transportation
of grain as a single indivisible process, and allows, thanks to the rational distribution
of transport flows of harvesting.
Key words: vehicle, grain, model, agro-industrial complex, traffic flow.

Berymn. Poitb aBTOMOOIIBHOTO TPAHCIIOPTY B CLIBCHKOTOCIIONAPCHKOMY BUPOOHUIITBI
HACTIIBKH BHCOKA, 1[0 YaCTKOBO BUPILIMTH MPOOJIEMY HETaTUBHOTO aHTPOIIOTEHHOTO
BIUIMBY TPAaHCIIOPTHHUX 32C001B MOKITUBO JIMIIIEC BHACIIIOK 3aIPOBaKEHHSI HOBUX METO-
JIiB opraHi3aiii kammaHii 300py Bpoxkato [ 1]. ABrorepeBe3eHHs — 1€ 3B’ 30K Y €IMHOMY
TEXHOJIOTTYHOMY JIAHIIFOXKKY ClILCHKOTOCIIOAPCHKOTO BUPOOHUIITBA, SIKHIi JOMIHYIOYE
3a0e3reuye MarepiaibHi MOTOKH Pi3HUX BPOXKAIB CIIIbCHKOTOCIIONAPCHKUX KYJIBTYp Ha
BCIX eTamax Ta eramax ioro BupoOHW4oro nukiy [2]. Ilpym mpomy aBTOTpaHCIIOPTHI
3aco0M € 1HTerparopoM BUPOOHUYOI MISTILHOCTI arpapHUX HiANPUEMCTB 3 BUPOOHU-
1ITBa, IEPePOOKU Ta 0OCIIyrOBYBaHHS CIJIbCHKOIOCIIOAaPChKOro BupoOHuITa [3]. BBa-
JKAETHCSI OOTPYHTOBAHUM (POPMYBaHHS TIPOOJIEMH Y3TO/DKEHHS TPAHCIIOPTHUX MOTOKIB
nepeBe3eHHs 301KKsI aBTOTPAHCIIOPTHUMH 3aC00aMU 3 TIOJIS JI0 THMYACOBOTO ITYHKTY
30epiraHHs..

MocranoBka mpodaemu. /st BUpilieHHsT MPOOJIeMH IMiIBUINCHHS €()EeKTHBHOCTI
3aCTOCYBaHHS B TPAHCIIOPTHUX CHCTEMax aBTOTPAHCIIOPTHHUX 3aco0iB [4], 30epeKeHHS
301%0KsI Ta MPUBEICHHS HOTO B IPOYKT ITi]1 Yac KaMIIaHii 300py BpOKaro JiJIst TPAHCIIOP-
TyBaHHsI 3epHa [5] MU MPOMOHYEMO BHKOPHCTOBYBAaTH JIBOCTYIICHEBUN KOHTYp TpaH-
CTIOPTY 3 MOJIsI IO CHIOKKBAYa, MpeJICTaBlIeHni Ha puc. 1. 3rigHo 3 uM (puc. 1) croxu-
Ba4 PO3IVISIAETHCS SIK 36PHOCXOBHIIIE, €IIEBATOP, aHrap abo CKIIaj 31 30epiraHHs 3epHa:

— Ha MepuIoMy eTari 3epHOBE 3013KXKsI IEPEBO3UTHLCS aBTOTPAHCIIOPTHUMH 32C00aMuU
3 MOJISI 1O TUMYACOBO1 TOUKH 30epiranus [6];

— Ha APYTOMY €Talli 3 TUMYACOBOI TOYKH 30epiraHHs 36pHO JOCTABISIETHCS CIIOKH-
Bayesi [7].

Ha nepiomy erari aBTOTpaHCIOPTHI 3ac00H, palliOHAIBHOT BaHTAXKOIIIHOMHOCTI,
IO YMHSATh MEHIIUI THCK Ha IPYHT, MOPIBHIHO 3 ICHYIOUUMH BHPOOHHYUMH BHMY-
HICHUMH 3aiSTHUIMHA aBTOTPAHCIOPTHUMH 3aco0aMu, 1 110 BUPOOJISIOTH MEHIIY Macy
BUKW/IIB IIKiJUIMBUX PEYOBUH BiJ] PAIFOIOYOTO TEIJIOBOTO IBUTYHA BHYTPIIIHBOTO 3r0-
paHHs [8], TPAaHCIIOPTYIOTH 3€PHO HA TUMYACOBUH MYHKT 30epiraHHsi, sIKHi y MoJalb-
LIOMY BHUCTYIIA€ SIK MOCTA4YaIbHUK, 110 3HAXOAUTHCS B OS3MOCEPEIHIM OJU3bKOCTI Bij
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Puc. 1. Cemanmuuna cxema nepeseseHHs asmMompancnopmom 3epHa 3 noJis
00 cnodicusaua uepe3 mumMuacogy mouxy 30epieamis

nosist [9]. TuMyacoBUM IMyHKTOM 30epiraHHs MoXke OyTH: BIIKPUTHH a00 3aKpUTHIA Maii-
JAaHYUK, 3epHOBUH Tik [10].

Ha npyromy erami aBTOTpaHCIIOPTHHMH 3ac00aMH BEIHMKOi BaHTaXKOMiTHOMHOCTI
3epHO 3 THUMYAcOBOTO MYHKTY 30epiraHHsi TEpPEeBO3UTHCS Ha 3EPHOCXOBHUIIE, SIKE
o0nasiHaHe Cy4aCHHUMH BHCOKOIIPOXYKTHUBHUMH MPHUCTPOSIMH JUIsI IEPBUHHOI 00poOKH
Ta cywiHasg 3epHa [11].

Jana cxema TpaHCIIOPTYBaHHS 3€PHOBOTO 3013KKsI JO3BOJISIE BUPILIMTH MTPOOIEMH 31
3HMKEHHSI HETaTMBHOTO aHTPOIOI€HHOT0 BIUIMBY aBTOTPAHCHOPTY 3a pPaXyHOK OibmI
e(eKTHBHOI eKCIITyaralii aBTOTPaHCIIOPTHUX 3ac00iB 1 MiJBUILEHHS SIKOCTI Ta 30epe-
JKCHHS 3epHa.

AHani3 nociijpkeHb 1 myOmikamiid. /[BoeranHa cxema TepeBe3eHb 3epHa Iepeada-
Yae BUKOPHCTAHHS aBTOTPAHCIIOPTY pi3HOI BaHTakomigiHoMHOCTI [12], mo mo3Boise
pauioHabHille BUKOPUCTOBYBAaTH HasIBHUN TUIAaXK aBTOTpaHCIOPTHUX 3aco0iB. [epe-
BE3CHHS 3epHa 3 MOJIi Ha TUMYACOBUH IyHKT 30epiranHs nependadyae BUKOPHCTAHHS
ABTOTPAHCIOPTY MEHILOI BAaHTAYKOMIAHOMHOCTI, SIKMi Ma€ BEIWKY MaHEBPEHICTh, IO
BiJirpae myske BaKJIMBY POJIb TIPH PYCi MO MOJIIO BiJl KOMOaiiHa 10 komOaiiHa i mo rpyH-
TOBUX JIOPOTaX CLIbCHKOT MicCIeBOCTI. J[0 TOTO K BiH YMHUTH MEHIIUI THCK Ha OpHI
LIapH IPYHTY NPH PYCi 1O TOJII0, a TAKOXK 32 PaXyHOK MEHIIOTo 00’ €My TBUTYHA BUKH-
Jla€ MEHILy Macy BUXJIOITHHX Ta3iB 1 MEHII 3TryOHMIA aHTPOIIOTeHHUH BIUIMB HA HaBKO-
nuurHe cepegonuie [13].
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Jpyruii aBTOTpaHCIIOPT BEJIMKOT BAHTAXKOIT JHOMHOCTI BUKOPUCTOBYEThCS JJIsl TPAH-
CTIIOPTYBaHHsI 3¢pHA 3 TAMYACOBOTO MTYHKTY 30€piraHHs CII0)KMBaueBi. 3a paXyHOK TOTO,
10 TUMYACOBI ITyHKTH 30epiraHHst 3HAXOIAThCs 0€3M0CePeIHBO O1JIs TOPIr 3 ac(aibTo-
BUM MOKPUTTSIM, aBTOTPAHCIIOPTY HE IOBOIUTHCS 3aTK/KATH Ha TIOJIS 1 pyXaTHCs IPyH-
TOBUMHU JIOPOTaMH 3 HEBEJIMKOIO MBHUIKICTIO. JlaHWid QaKT 103BOJISIE CKOPOTUTH Hera-
TUBHHI BIUIMB aBTOTPAHCIIOPTY HA €KOCHCTEMH Ta 3MEHIIUTH MarepiajibHi BUTPATH HA
nepeBeseHHs [ 14].

3acTocyBaHHs JaHOT CXeMH Tiependadae, o 3epHO MPOXOANTH 0OPOOKY Ta CyIIiHHS
HE Ha HHU3BKONPOAYKTHBHOMY OOJIaJHaHHI, BUKOPUCTAHOMY Ha TOKaX 1 3epHONpHI-
MaJIbHUX ITyHKTAaX, a Ha YHI()IKOBAHOMY BHCOKOTIPOAYKTHBHOMY 0OJIaJHaHH1, BCTAHOB-
JICHOMY Ha eJieBaTopi Ta 3epHocxoBuIi [15].

BHac:1iiok Toro, 1o OUIbIICTh 3¢pHOBUPOOHUKIB HE MAlOTh BJIACHHUX €JICBATOPIB
Ta MOTY)KHOCTEH 10 CYIIIHHIO Ta 00poOIIli 3epHa, a J000Ba MPOIYCKHA 3/aTHICTh €JIe-
BaToOpiB HE JIO3BOJISIE TIPUIHATH BCE BHPOOJICHE 3€PHO, JUISi CKOPOUYCHHSI BTpAT 3epHA
3epHOBHPOOHHUKAM JIOBOJIUTHCSI YKJIAaTH JIOTOBOPH Ha IOCTaYaHHs 3€pHA OJHOYACHO
3 KiJIbKOMa crokuBauamu [16].

I{um 3yMOBJIEHO OCHOBHY MpOOJIeMy — CKJIaJHICTh OpraHizallii TPaHCIOPTHOTO
00CITyrOBYBaHHSI BCHOTO KOMILJIEKCY 00’ €KTIB iHPPACTPYKTYPH CUIBTOCITOBAPOBUPOO-
HUKIB.

XapakTepHOI0 PHCOI0 CYYaCHHX TPAHCIOPTHUX IMPOIIECIB MPH MEPEBE3CHHI 3epHa
€ BUCOKa JIMHAMIYHICTh CAMHX TPAHCIIOPTHHUX IPOIECIB, 10 MPOTIKAIOTh , 1 TICHHN
3B’s30K X 3 BUpOOHUITBOM. YacTta 3MiHa 00CSTIB MPUOMPAHHS Ta BUCOKI BUMOTH JIO
CBOE€YACHOCTI TPaHCIIOPTHOTO OOCIYTOBYBaHHSI MpoIlecy 30MpaHHsS 301KKS 3MYyIIy-
I0Th ABTOTPAHCIIOPT 3MIHIOBATH CTPYKTYPY OOCSTIB MOTOKIB Ta OPTaHi30ByBaTH TpaH-
CIIOPTHHI MPOIEC 3 METOI0 MaKCHUMaJIbHOI MPUCTOCOBAHOCTI IO YMOB, IO MOCTIHHO
3MiHIOIOTBCS [ 1 7]. 2KOopcTKi BUMOTH CBOE€YACHOTO aBTOTPAHCIIOPTHOTO 00CITYTOBYBaHHS
30UpabHUX OIEpallid B yMOBaXx, 10 MOCTIHHO 3MIHIOKOTHCS, CTBOPIOIOTH 00’ EKTUBHY
HEOOXIJIHICTh THYYKOI oprasizaiii poOoTu aBToTpaHcrmopty. Ha migcraBi mporo
NOTPiOHO 3HAWTH HAHOLIBIN MPAaBUIBHUHN, PalliOHATIBHUH IJIaH TIEPEBE3CHb Ta BU3HA-
YUTU HEOOXIHY KUIBKICTh aBTOTPAHCIIOPTHUX 3acO0iB, sIKa JIO3BOJIMTH BHKOHATH
3aBJIaHH 3 TIEPEBE3EHHS 33aHOT0 00CATY 30MPAaHOTO 3epHa B YMOBaX J1F0401 HEPIBHO-
MIpHOCTI 32 MiHIMaJILHUX BUTpAT.

®opmyJaoBaHHs nijiei crarri. Meta crarTi nomsirae y GopMyBaHHI METOANYHUX
nepeyMOB OOTPYHTYBaHHSI MOJICT Y3TOJKEHHS TPAHCIIOPTHUX TTOTOKIB TIEPEBE3CHHS
301%0KsI aBTOTPAHCIIOPTHUMHU 3aC00aMU 3 TIOJISI IO THMYACOBOIO IYHKTY 30epiraHHs..

3 omisly Ha METY B CTATTI OKPECIICHO TaKi 3aBIaHHS:

1. OOrpyHTYBaTH BUKOPHCTAHHS CXEMH JIBOX CTaJlil JIJIsl TPAHCHIOPTYBaHHS 30170KsT
31 3MEHIIICHHSIM HET'aTHBHOTO BILUIMBY Ha HABKOJHIITHE CEPEIOBHIIEC aBTOTPAHCIIOPTHUX
3aco0iB.

2. Po3poOuT MareMaTHuHy MOJENTb BU3HAUCHHS O0CATIB TPaHCIIOPTYBAaHHS OOMO-
JIOYEHOTO 3epHa BijJi KOMOAWHIB 0 MYHKTY THMYacOBOTO 30€piraHHs 3 ypaxyBaHHIM
BTpAT 3epHa NpH 30MpaHHi BPOXKalo MiCIsl ONTUMAILHUX arpoTepMiHiB.

3. OOrpyHTYBaTH JOUUIBHICTh LIJIOYUCETHHOT BUPOOHHUO-TPAHCIIOPTHOT MOJEN,
sKa 3a0e3rneuye MaKCUMallbHy aJaMTallilo JI0 pealbHUX YMOB MOCTABICHOTO 3aBJIaHHS
nepeBe3eHb 301K aBTOTPAHCIIOPTOM.

112



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

OcHoBHUIT MaTepiaj pocaiakeHHst. /{711 CKOpodeHHS co0iBapTOCTI BUPOOHHUIITBA
3epHa IPOIIeC JOCTABKH 3€pHA 3 IMOJISI Ha TAMYACOBHUU ITyHKT 30epiranss (puc. 2) HeoO-
X17THO PO3IISIIATH Pa3oM i3 MPOIIeCOM 30UpaHHs 3epHa.

TIMYACOBII

L
IyHKT
@ 7] miMuacosmit 30ep exeHHa

IIYHKT
30ep eKeHHa

THMYACOBIIT

MyHKT
30ep exxeHHs

TIIMYIACOBIIT
OVHKT

26ep exemn
TIMYACOBIIT
OYHKT
30ep eKeHHL

Puc. 2. Cemanmuuna cxema nepesesenHs asmompancnopmom 3epra 3 nojis
Ha MUMYACO8ULL NYHKM 30epieanHsl

Y KwuiBchbkiit 0671aCTi HAUTOMUPEHITIMMHE € TIPSIMi TIEPEBE3CHHS 3€pHA, KOJIH 3€PHO
3 KoMOaifHa BUBAaHTAXKYETHCS B aBTOTPAHCTIOPTHHH 3aci0, KUl MOYKe MaTH Pi3HY BaH-
Ta)KOITi IHOMHICTB, 1 BOHO TIEPEBO3HUTH 3¢pHO Ha 3epHOCXOBHINE. Takuii BUJ IEpEBE3CHDb
IIPH BCiX CBOIX IEpeBarax Ma€e OHy HETaTHBHY OCOOIHMBICTh: HEY3TOMKEHICTh OpraHi-
3a11ii TPaHCTIOPTHOTO MPOIIECY MPU3BOAMTH 10 IMTPOCTOIB KOMOAMHIB B OUiKYBaHHI TPH-
OyTTsI aBTOTPAHCIIOPTHOTO 3acO0Y, JUTSI BUBAHTAKEHHS 3alIOBHEHOTO OyHKEpa Ta aBTO-
MOOUTIB B OYiKyBaHHI HAIlOBHEHHsI OyHKepa KoMOaiiHa, M0 3HWKYE €()EeKTHBHICTH
BUKOPHCTAHHS aBTOTPAHCIIOPTY.

BusBieHHs TakKuX IPOCTOIB MPU3BOAUTH O TOTO, IO KOMOAWHN HE TTIOBHICTIO 00OMO-
JOYYIOTh HAMIYCHUH 3MIHHHHN BUPOOITOK, IO HAIaJi MPU3BOANTH J0 BTpAT 3epHA MPH
30MpaHHi MCII ONTUMAJBHUX arporepMiHiB. [licis HacTaHHS MOBHOTO JO3pPiBaHHS
B 36pHOBUX KYJbTYpax TMOYMHAIOTHCS HE3BOPOTHI MPOIECH: COJIOMA IIBUJIIE CTapie,
MTOYNHAIOTHh POCTH Oyp’sIHU B MOCIBAX, IO MPU3BOAUTH 10 JICXKAHHS XJIi0iB Ta CyTTEBO
YCKIIQTHIIOTHCS YMOBH IIPOBEICHHS 30MpanbHOoi Kammanii. Jlo Toro » BimOyBarOThCs
JOJTATKOB1 BTPATH, CIIPUIMHEHI CaMOOCHTIAaHHAM 3epHa, TPOPOCTAHHSIM HOTO Ha KOPEH,
001aMyBaHHIM KOJIOCKIB, TIOTMaHHSAM YAaCTHHU 3€pHA TPU3YHAMH B TEPioa 30MpaHHSI
tomo. [lepepaxoBani Buie GhakTopy MO3HAYAIOTHCS HA 3HAYHUX BTpaTaxX i HETaTHBHO
BIUIMBAIOTh HA SIKICTh 3€pHA.

BpaxoBytoun 11e, HE0OXiTHO parlioHaIbHIIIE MTIAaHYBAaTH POIIECH, IO BiOYBAIOTHCS
ITi]T 9ac KHUB, TIPY IIbOMY 3BEPTaTH yBary Ha TaKi MapaMeTpH, SK: BAHTAKOITI THOMHICTh
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KO)KHOT MOJIeNi aBTOTPAHCIIOPTHOTO 3aco0y, MPOJYKTUBHICTh 3ePHO30MPAILHIX KOM-
0aliHiB, MPOIYCKHA 3aTHICTh 36pPHOCXOBHII. Yce IIe JOIMOMOXE CKOPOTHUTH B3a€EMHI
npoctoi KoMOaifiHIB Ta aBTOTPAHCIIOPTY, MPOCTOi aBTOTPAHCIOPTHHX 3aco0iB MpH
BUBaHTa)XCHHI 3€pHA Ha 3E€PHOCXOBHINE, TOUHO PO3pPaxyBaTh HEOOXIJAHY KIJIbKICTh
ABTOTPAHCIIOPTHUX 3aCO0IB ISl 00CITYTrOBYBaHHSI KOMOAlHIB, BCE 1€ 3r0JIOM IPU3BEJIC
JI0 3HMKEHHS coOiBaprocTi 30upanbHOI KamIaHii, 30epekeHHs] BUPOOICHOTO 3epHa
Ta MOKPAIIEHHS HOTO SKOCTI.

BinbmIicTh ClTBCHKOTOCIIONAPCHKUX OpraHizalliii, He BOJOMII0YN HAICKHUM (piHaH-
CYBaHHSM, MalOTh HEIOCTATHIO MarepiajibHy 0a3y, BHACIIAOK YOTO MOTPIOHO pO3po-
OWTH MOJIENTb TPAHCIIOPTYBAHHS 3epHA, 10 JJO3BOJISIE 3 MIHIMAIIbHUMHU BUTPAaTaMH IPO-
BECTH 30MpaHHs Ta TPAHCTIOPTYBaHHSI 3epHA 3 HASIBHUX TUIOIII.

BpaxoBytoun BuIleonucaHe, 3arajibHE 3aBIaHHS pO3JUIMMO Ha JiBa CTalH
PO3B’sI3aHHS:

— BHU3HAYCHHsI 00CSTIB MPUOUPAHHS 13 3aKPITUICHHS MOJIB 38 THMYACOBUMHM ITyHK-
Tamu 30epiranHs Ta po3noAii 00CsTIB epeBe3eHHS 3a MapIIPyTaMU;

— pO3paxyHOK TOTpeOH B aBTOTPAHCIIOPTi 3 BAHTAXKOIIJHOMHOCTI Ta MapuIpyTiB
nepeBe3eHb.

B ocHOBI KpuTepil0 ONTUMAILHOCTI 3alpPOIIOHOBAHOI MOJIEINi JIKHUTh MIHIMYyM
BUTpAT BiJ] 30UpaHHs, IEPEBE3CHHS Ta BTPAT 3epHA Bl HEBYACHOTO 30MPaHHSI.

B ocHOBI po3po0neHoi MaTeMaTHIHOT MOJIEN JISKUTh KJ1ac IMHAMIYHUX TPAHCTIOPTHHUX
TIOTOKOBHX MOJIETIEH, 1110 € MOAM(iKaIi€r0 BUPOOHHIO-TPAHCIIOPTHOT MOJIENi. [ mepeBaroro
€ Te, 10 BOHA PO3IVISIAE MPOIeC BUPOOHHMIITBA Ta TPAHCIIOPTYBAHHS 3epHA SIK €IMHE TILIe,
a TaKOXX TPOIIOHYE BHUPILICHHS MTOCTABICHOTO 3aBIaHHS 3 YPaxyBaHHSIM MPOLYKTHBHOCTI
ABTOTPAHCIIOPTHUX 3ac001B Ta KoMOaitHiB. KpiM TOT0, 1151 MOJIEITh BpaXxoBy€e 3HAYCHHS BTPaT
3epHa BiJl HEBYaCHOTO 30MpPaHHs, OCKUIBKM Maca BTpar, pocsratrodn 20 % Bij 3i0paHoro
BpOXKalo, € OJIHUM 13 KIIFOYOBMX (DaKTOPIB 3HKEHHSI cO0IBapTOCTI BUPOOHMIITBA Ta MiJl-
BUILICHHS 00CATIB 3i0paHOro Bpokaro. J{yisi BU3HaUCHHsST 0OCSTIB 30MpaHHs Ta TPAHCIIOP-
TyBaHHsI 3epHa Oy710 00paHO caMe IUIOYHCEIIFHY MOJIENb, OCKUTEKA BOHA B PO3PAXyHKAX
BpaxXoBYy€ BapiaHTH 30UpaHHs IUJTMM YHCIIOM KOMOaiHiB. TakiM YMHOM, 3arporioHOBaHa
HaMH MOJIEJTb CTaJla HOBOKO MOIM(DIKAIIIErO IIUTICHOT BUPOOHHYO-TPAHCIIOPTHOI MO, 1110
JIa€ MOYKITBICT 3HM3UTH CyMapHi BUTPaTH Ha 30MpaHHs Ta IepEeBE3CHHS 3epHa, 1110 JT03BO-
JIsI€ 3HAWTH ONTUMAJIBHUHN TIUTaH 30MpaHHs Ta TPAHCTIOPTYBAHHS 3epHA, PO3IAAAI0UH JaHi
eTany K €IMHAI TPOIIeC, T2 BPaXOBYBATH BTPATH 3€pHA BiJl HEBYACHOTO 30MPaHHSI.

Ha mijicTaBi BUpOOHUYMX MOXKITMBOCTEH, BAPTOCTI 30MpaHHs Ta MIEPEBE3CHHS 3¢pHa,
MPOITYCKHOT CIIPOMOYKHOCTI MYHKTIB 30epiraHHs HeoOXiTHO BUPINIMTH 3a/1ady BU3HA-
YEeHHSI ONTHMAIBHUX TUIAHIB 30MpaHHs Ta PO3MOALTY TPAaHCIIOPTHHUX MOTOKIB 30130Ks
cepesi THMYAcCOBUX IMYHKTIB 30epiraHHs, 32 YMOBH MiHiMi3allii cymMu BUTpaT Ha 30u-
paHHs Ta TPAHCIIOPTYBAHHS 3€PHA 3 YpaxyBaHHSIM BTpaT 3epHa.

Bubip ontumMansHOro BapiaHTa o0CsTiB MPUOMPAHHS Ta PO3MOALTY TPAHCIIOPTHUX
MOTOKIB CTABUTHCS SIK 3aBJaHHs MiHIMi3allil BUTPAT:

I R J 1 J
( Z[ci/.z/j + ZQ,./.,S,./.,C,./.J + DD D 1 Xy ) — min (1)
i=1r=1 = i1 j=1k=1
R K
Daz; =D X 20,i=1,.,1,j=1,..J, 2)
r=1 k=1
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ZZUSI,i:I,...,n 3)
r=1
I
DX 2 bk =1, K j=1,..J 4)
i=1
X 200 =1 ., Lj=1..,Jk=1..K; (5)

R
> (c,.j,z,.j) — 3aTparu Ha 30upaHHs 301K 110 -y BapiaHTy 30MpaHHs Ha / -y TIOJIi;

r=1

ac

1
d
> (Qy.¢;8;) — BapTiCTh BTpAT He3ibpaHoro obcary 301Xk Ha i -y MO MpH 7-y Bapi-

dHTy 30MpaHHs;

1
=1

iii (4% ) —3aTPATH Ha IEPEBE3CHHS 300K j -TO BHJ 3 -y IO Ha k -if ITyHKT
40epiranns;
J — BHI CUTBCBKOTOCITONAPCHKOTO 301KXKs, j =1,...,J ;
k — TyHKT 30epiraHfs j -TO CUTbCHKOTOCTIONAPCHKOTO 301K, k =1,...,K ;
i — ToJje 30MpaHHs j -TO CITCHKOTOCTIONAPCHKOTO 301K, / =1,...,1 ;
F — BapiaHTU KaMIIaHii i -TO ITOJIS 30MpPaHHS j -TO CUTHCHKOTOCIIONAPCHKOTO 301KXKS,
r=1,.,R;
¢; — CyMapHi 3aTpat abo BajioBa co01BapTICTh BapiaHTy KaMIaHii i -ro 1moJist 30upanHs
J -TO CIITBCBKOTOCTIONAPCHKOTO 301KKS;
7; — IHTEHCHUBHICTb 3aCTOCYBaHHs BapiaHTy KaMIIaHii / -ro 1ojis 30MpaHHs j -ro Cillb-
CBKOTOCIIOAAPCHKOTO 301Kk, Z, € {0;1}. SIKII0 B pilleHH] OTPUMAEMO g, = 1, Toxi Bapi-
aHT BXOAWTDH B ONTHMAaJBHUM IJIaH, a z, =0 O3Ha4ae, M0 He BXOAWTH. 3a UM IO KOXK-
HOMY ITOJTIO MOYKe OyTH 3aJIisTHO He OiIbIIe OHOTO BapiaHTy;
Q;, — He310paHuii 00CAT j -TO CLIBCBLKOTOCIOAAPCHKOTO 301K 3 § -TO MO 30UpaHHs
3a r-UM BapiaHTOM KaMITaHii;
8, — BTpaTh 00CATY j -TO CLILCHKOTOCIOAAPCHKOTO 301KKA 3 i -TO MOJIs 3a F -MM Bapi-
AHTOM KaMIIaHii;
¢;, — BapTICTh OMMHMII 00CATY j -TO CLIBCHKOTOCIIOAAPCHKOTO 301K 3 i -I0 MOJIA 32
F -UM BapilaHTOM KaMITaHii;
d — KUIBKICTB THIB 301IBIICHHS 32 arpoTePMIiHU 30UpaHHs B j -TO CITLCHKOTOCTIONAP-
CBKOTO 301KKs 3 i -T'O TIOJIS 32 F -UM BapiaHTOM KaMITaHii;
t; — 3aTPaTH Ha NMEPEBE3EHHSA OMUHUILI 00CATY j -TO CLIBCHKOTOCIIONAPCHKOTO 301K
3 [ -TO TIOJIA 32 r -MM BapiaHTOM KaMIIaHii 10 k -TO MyHKTY 30epiraHHs;
X, — 00 €M IEPEBE3EHHS 0OCATY j -TO CLIBCBKOTOCIOAAPCHKOTO 301K3KA 3 i -TO MOJsS
3a r-AM BapiaHTOM KaMIIaHil 10 k -TO IMyHKTY 30epiraHHs;
a;, — 00CAT BUPOOHUIITBA j -TO CLILCHKOTOCIIOAAPCHKOTO 301K3KA 3 i -TO MO 34 F -UM
BapiaHTOM KaMIIaHii;
b, — cymapHa norpeba IepeBe3eHHsI OMUHHII 00CATY j -TO CLILCHKOIOCHIOAaPCHKOTO
301KKS 3 / -TO TIOJIS 32 r -UM BapiaHTOM KaMITaHii 10 k -TO MTyHKTY 30epiranHs.

IMapa (z,x) xapakrepusye auIIe TOAI BUPOOHMYO-TPAHCIOPTHHMH IIIaH, SKIIO
z 3amoBoybHsAE€ yMoBaM BupasiB (1), (2), (3), (4) 1 (5). IIpu nboMy z OMHCyE KOMIIO-
HEHTy BHUPOOHHYOTO IUTaHY, & X — TPAHCHOPTHOrO uiaHy. JlomaHku miikoBOi1 (QyHK-
mii (2) mpeacTaBUMO y BUAI TaKUX PIBHSHB, IO BiTOOpaKaroTh BiAMMOBIMHO BUPOOHNU1

Ta TPAHCIIOPTHI BUTPATH 3 peanizauii miany (z,x):

115



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

fi(x)= iii’yrkxa’rk (6)

i=1 j=lk=1

n R J
fi(z)= Z[cﬂfj + Qijr6ijrcijJ (7
=1 r=1 Jj=1

BupoOHHYO-TpaHCIIOPTHUI TIIaH (Z,x) BBaKAEMO JIOIYCTHMHUM, SKIIO BiH 3aJ0-
BOJIBHsIE yMOBaM BHpasiB (2)—(5), 1 ONTUMaIBHIM, SKIIO, KPIM TOTO, JTOCTABIISE MiHi-
MyM GyHKIT (1).

Bupimenns BupasiB (1)—(5) € pimeHHS 3amaqi 9aCTKOBOTO ITIJIOYHCEIIBHOTO JTiHIH-
HOTO TIPOTPaMyBaHHS 1 XapaKTePU3YEThCS HU3KOI0 CIEIU(IYHUX O0COOTUBOCTEH,
30KpeMa:

— KOJKHA 3MiHHA BHJY X, BXOIHUTH JIMIIE y JBA OOMEKEHH:, P YOMY B OJHE
3 00MeKeHb 3 KoedirieHToMm +1, a B iHIe — 3 KoedimieaTom —1;

— CyKYIIHICTb 3MIHHUX X, PO3NAJAcThCS Ha KIIbKA Pl 3a KIIBKICTIO BUPOOIEHNX
J -TO CITBCHKOTOCTIONAPCHKOTO 3010KS;

— IIJIOYNCENBbHI 3MiHHI MOXKYTh HaOyBaTH juire aBa 3HadeHHs — 0 abo 1;

— MHOXXHMHA IIJIOYUCENBHUX 3MIHHUX PO30WTa Ha TPYIH, IO HE IEPETHUHAIOTHCS 3a
KUIBKICTIO k -X MYHKTIB 30€piraHHs, y KOXHIH 3 SKUX JIHIIE OIHA 3MiHHa MOXKE OyTH
BiIMiHHA BiJT HYJIS.

Jlns BupimmeHHst miel Mojem po3i0’eMo BHXITHY MOJCIb HA MBI CKJIAJIOBI: BHPOO-
HUYY Ta TpaHcmopTHy. [Ipu 1poMy Sk HaBaHTaXeHHS (KiHIIEBa MOTpeda) OymeMo po3-
IJISIIATH CyMapHUH MOTHT 110 KOXXHOMY i -y TIOJIO.

OT1xe, BUPOOHUTY MOJIEITh MOYKHA 3aIFCATH TaK:

I R K
D292 =2 D b =17, (8)
i=1r=1 k=1
R
Sy <li=l.,1; ©)
r=1
le:O)zij:l;i: ,.‘.,I;I‘:l,...,R; (10)
I R J
fi(z) = ZZ(%ZI/ + Q,]-,S,-j,c,-j) - min.. (D
i=1 r=1 Jj=1

Slkmio pimeHHst JaHOT MOjeNi iCHye, iHaKIle 1 BUXiJHa BUPOOHWYO-TPaHCIOPTHA
MOJIEINTb HE Ma€ PIillIeHHs, TO MOJKHA copmyBarH / (3a KIIBKICTIO IOJIB) TPAHCIIOPTHUX
3aBJIaHb, JIe K 00CSATH MMOCTAaBOK BUKOPUCTOBYBATH Ti 00CATH 30UpaHHs, sKi 3i0panmcs
y BUPOOHWYIH MOJIEII TTPEICTABICHOI BHIIIE.

[Mpuiimaemo, mo z° = {zﬁ} — ONITUMAIILHUH TIaH BUPOOHUYOT MOZEITi:

R
zaijrzi(l:AijO’j:L'“a'];i:l:"'I; (12)
r=1

ne A; — obcar BUPOOHMLTBA j-TO CLILCHKOTOCIOAAPCHKOTO 301KXKSA 3 [ -TO MO
3a r -MM BapiaHTOM KaMTaHii 0 k -To MyHKTY 30epiranus, i MokHa cpopmyBaru / TpaH-
CTIOPTHHX 33/1a4 BHUIY:

K
S < Apii =1, 1 (13)
k=1

116



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

Zx,j,k_ ok =1, K (14)

I K
f‘2j0 (ZO Zztlj!kxljrk - m”’l (15)
i=1k

=1
CymapHi BUpOOHHWYI Ta TPAHCIOPTHI BUTPATH Ha IIbOMY KPOII MICJIs BHPIIICHHS
cepii TpaHCIIOPTHUX 3aBIaHb CTAHOBUTHMYTh:

F= f Zo Zfzjo Zo (16)

Anroput™M nependadae MmoOyJOBY TOCTIJOBHOCTI TaKMX BHPOOHMYMX IUIAHIB,
KOTPHUM CyMa BUPOOHUYHNX 1 TPAHCIIOPTHHUX BUTPAT MiHiManbHa. OCKIIBKH OTPUMaHHUH
Ha MEepUIOMY KpOLi BUPOOHWYHMH TUIaH € HAaKpaIIuM 3 TIO3UIi1 BUTPAT Ha BAPOOHHIITBO
MPOIYKIii, MOMIMIIEHHS i€l CyMH MOKHA JTOCATTH JIMIIE TipIIuii BUPOOHUYUI TUIaH,
asie Ipu LbOMY OTPHMYIOUYH BEIHKY €KOHOMIIO Ha TPAaHCIIOPTHUX BUTpaTaXx.

Po3misanyTi HUKYE cnocoOH BUKITIOUEHHS! HEMEPCIEKTUBHUX, SKi HE TPU3BOISTD JI0
CYTTE€BOI €KOHOMIi TPaHCIIOPTHUX BHUTPAT, BAPOOHMYMX IUIAHIB 3aCHOBaHI Ha BHKOPHC-
TaHHI MOABIMHO JOMYCTMMHUX CHUCTEM MOTEHLIaJiB TPAHCIOPTHHUX 3aBIaHb. 3 IXHBOIO
JIOTIOMOTOI0 (DOPMYIOTBCSI JONATKOBI JIiHIHHI 0OMexeHHs. SIKIo BUPOOHWYMH TUIaH HE
3a7I0BOJILHSIE SIKOMYCB 13 TAKHX OOMEKEHb, BiH CBIIOMO € HETIEPCIIEKTUBHUM 1 MOKe Oy TH
BUKIIIOYEHHH, TOOTO BiAMOBiJHI TPAHCIOPTHI 3afadi He BupimyroThes. [IpuiiMaemo:
F — cymapHi BUpOOHHUYI Ta TPAHCIOPTHI BUTPATH HA LbOMY MOTOYHOMY KPOLI, TicCis
BHpIILIEHHS Cepii TPaHCIIOPTHUX 33/1a4; 4, — MO/BIiiHA 3MiHHA TPAHCHIOPTHOI 3a/1a4i, sKa
BiNOBigae oOMexeHHsAM Bupasy (17) Ha nbOMy K Kpoui; v, — HOJBiiHAa IepeMiHHA
TPaHCIIOPTHOI 3aJa4i, SIKa BiJIOBia€ 0OMekeHHsIM Bupasy (18) Ha mpoMy K KpoLi.

3anuiemMo cyMapHe 3HAYSHHsI BUTPAT, BUKOPUCTOBYIOUH MOABiKHE MOAaHHS (yHK-
LiOHATIB TPAHCHIOPTHHX 3a/1au:

P, - (z[z o - zAj] (17)

i=1r=1 Jj=1
BBeI[eMO Take OOMEKEHHS JUIA TOLTYKY IMEPCIICKTUBHOI'O BI/IpO6HI/I‘IOFO IJ1aHy:

ii‘-‘ﬂfj + [Z(Z Vi~ Z[:ia,z,u,n (18)

i=lr=1 i=lr=1
MIpHUBe/IeH] MMOII0HI Ta IePEHICIIN He3aJIeXKHI1 BiJl BHOOPY BUPOOHWYOTO TUTAHY CKIIa/I0BI
B IIPaBy YaCTHHY CITiBBiIHOIICHHSI:

ZI:ZR: i zzar/r i < F+ Zz iV ji (19)

i=lr=1 i=lr=1

abo

_ZI:ER: (C ialjr yjzl/ <F+ zzbljrkv/k (2’0)

Jj=1 J=lk=

BapTo Big3HauuTH, 10 BEIMYNHA:

[Z[Zb 330, j] @)

i=lr=1
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€ OIIHKOIO TPAHCIIOPTHUX BUTPAT 3HU3Y JUISl TPAHCIIOPTHOTO ILUIAHY X (Z), AKIIO OCTaH-
Hill icHye. lle € HacaiIKOM TOTrO, IO JOMYCTUMICTh, aji¢ HE ONTUMAJIBHICTh, PIllICHb
JIBOICTUX TPAHCIOPTHUX 3a]1a4:

I R

J J K
3 [Ci/' - Z;aw”[/j SAEDNY IR (22)
=

i=1r=1 J=lk=1
HE 3aJICKUTh BiJ] BHOOPY BUPOOHUYOTO ILIAHY.

BinzHauumo, 110 HanpsiMOK JI0 ONTHUMAJILHOTO BUPOOHHUYO-TPAHCIIOPTHOTO IJIaHY
3MIHCHIOETHCS 32 OararbMa BHUPOOHWYWMH TUTIAHAMH, IS SIKUX BUPIIIYIOTHCS TpaH-
criopTHi 3amadi. CUCTeMH TOTEHINaliB, Ofep)KyBaHI BHACITIJIOK PO3B’S3aHHS TpaH-
CIOPTHHX 3aBJaHb, CIy>KaTb 75l HOOYZOBH JONATKOBHUX JIHIHHIX 0OMEXEHb, 1110 BUKO-
PHUCTOBYIOTBCS IS BiZICIBaHHS HENIEPCIIEKTUBHUX BUPOOHUYHX TJIaHIB.

TakuM YUHOM, BUPIIICHHS JaHOT MOJIEII I03BOJISIE OTPUMATH:

— 00csru 30upaHHs 301K, TOOTO SAKi 1011 HeoOXiTHO TTOYaTH MPUONPATH B TIEPIITY
gepry i 3 Ko IUTOTII];

— 3aKpiIUICHHs HOMIB 32 TUMYAaCOBUMH IIYHKTaMM 30€piraHHs J103BOJII€ BH3HA-
YUTH 00CATH 3€pHA, SIKi HEOOX1THO epEBE3TH 3 KOXKHOTO IOJIsl Ha NOTPiOHI THMUYACOBI
MYHKTH 30epiranHs;

— MapUIPyTH NEPEBE3CHD 13 MiHIMAJIbHUMU BUTPATAMU;

— €KOHOMIYHY OITIHKY BHKOHAHOI pOOOTH, TOOTO BUTpATH Ha TEPEBE3CHHS Ta 30U-
PaHHs 3 ypaXyBaHHSIM BTpaT 3epHa 32 KO)KHUM BapiaHTOM KaMIlaHii 30MpaHHS, TaKOX
MOKHA OTPUMATH 3arajlbHUH pe3yabTaT ONTHMI3awii .

BucHoBku.

1. JInst 3MEHIICHHS! HETaTUBHOTO BIUTUBY Ha HABKOJMIIHE CEPEOBHIINE aBTOTpPAH-
CIIOPTHHUX 3acO0iB MPOMOHYETHCA BUKOPHCTOBYBAaTH CXEMy JBOX CTafiil /uid TpaH-
CIIOPTYBAHHS 301K, SKi MOETHYIOTBCS 31 CIOXKHBAauUeM dYepe3 TUMYACOBHU ITYHKT
30epiranHs, sika BUKOPHCTOBY€ HEBENMKY Iutoury. KpiMm Toro, 1s cxema NnepeBe3eHHs
JI03BOJISIE TiABUILUTH €()EeKTHBHICTh aBTOTPAHCIIOPTHHUX 3ac00iB, a caMme: PaliOHAIbHO
BUKOPHUCTOBYBAaTH TPAHCHOPTHI 3aCO0M Pi3HOT BAHTaXKOM1AHOMHOCTI, BUKOPHCTOBYBATH
MOTOYHY iHPPACTPYKTYPY CUTLCHKOTOCIIOAAPCHKIX BUPOOHHUKIB .

2. Po3po0iiena MaTeMaTHdHa MOJIETh BU3HAYCHHS O0CSITIB TPaHCTIOPTYBaHHS 00MOJIO-
YEHOTO 3epHa BiJ] KOMOAIHIB /10 IyHKTY TUMYACOBOTO 30€piraHHs 3 ypaxyBaHHSIM BTpaT
3epHa IpH 30MpaHHi BPOXKAFO TICIIs ONTUMAaIbHAX arpoTepPMiHiB PO3IVISIAE OTiepartii 30u-
paHHsI Ta TPAHCIIOPTYBAHHS 3epHA K €IMHUN HENOIUILHUN MPOLEC 1 A03BOIISIE, 3aBISKH
palioHaIbHOMY PO3IOLUTY TPAHCIIOPTHUX TIOTOKIB 310paHOr0 3epHa, 3MEHIIUTH BTPATU
3epHa MpH 30UpaHHI BPOXKAIO 32 0OMEKEHHS ONTUMAIBbHUX arpOTEPMiHIB.

3. BuKOpHCTaHHS IUIOYHCENHFHOI BHPOOHHUIO-TPAHCIIOPTHOI MOJENi 3abe3redye
MaKCHUMallbHYy aJamTallifo po3poOieHol Momeni A0 pealbHHX YMOB IOCTaBIEHOTO
3aBJaHHs, OCKUIBKU B PO3PAaXyHKax OOCST NMEPeBE3CHb XapaKTEPU3Y€EThCS MPOIYKTHB-
HICTIO 3€pHO30MpaIbHUX KOMOAHHIB, 10 MOTIM BPaxOBYETHCS AJIsl BU3HAYCHHS pallio-
HaJILHOI KIJTBKOCTI aBTOTPAHCIOPTHHUX 3aC001B.
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Anomauisn

Bcemyn. Y cmammi posensnymo nepedymosu popmyseanuss Smart-kaacmepis y nop-
mosill cucmemi Yxpainu K nepcnekmueHo20 Hanpsmy mexHonoeiunoi mpancgopma-
yii’ mopcoxoi ingpacmpykmypu. Konyenyia Smart-kracmepuzayii tpynmyemocs Ha
NOEOHAHHT NPOCMOPOBO-IHPPACMPYKIMYPHOI inmezpayii 3 6nPo6adAHCeHHAM YUPPOBUX
mexnonozit (IoT, wmyunoeo inmenexmy, O10KYelH-pilieHb, Yupposux OBIIHUKIB), WO
00360JI5€ NEPEOCMUCTUMU OPLAHI3AYII0 NOPMOBGUX NPOYECIE8 HA OCHOBI Mepexcesol 63a-
EMOOII, a0anmueHoCmi ma MexHoA02IUHOl 83aemonos szanocmi. Mema 0ocnioxicenHs
nonsieae 6 obrpynmyeanni Konyenyii 0sopienesux Smart-xiacmepie sax iHCIMpyMeHmy
MoOeprizayii nopmogoi cucmemu Yxpainu, 30amnoeo 3abesneuumu yu@pogy inmeepa-
Yito, eKoNoIUHY cmanicms i MAcumabosany 63aemMooito 3 2100ATbHUMY MPAHCHOPTI-
HUMU Mepedncamu, 3 VPAxXy8auHam NnpogioH020 MINCHAPOOHO20 00C8i0Y, aKMYanibHUX
MEXHONO2IUHUX MPEHOI8 | CMPame2idHux 3a80aHb THHPACMPYKMYPHO2O GIOHOBIEHHS
y nocmeoennuti nepioo. Pesynemamu. Y cmammi cucmemamuzosano meopemuuni
nioxoo0u 00 Kiacmepusayii NOpmis, K1acugikosano munu HOPMosuUx Kiacmepie, npo-
AHANI308aHO IXHIll 6NIUE HA epheKmUBHICMb Nopmosoi ingpacmpykmypu. Po3kpumo
KIF0408Y POlb NPOCMOPOBO-IHpacmpykmypHoi Kiacmepusayii y 63aemooii nopmis
i3 HAYIOHANLHUMU MA MINCHAPOOHUMY TPAHCHOPIMHUMU Mepelcamu. 3anponoHosa-
Ho Konyenyiio deopienesux Smart Port knacmepie (Concept of Two-Level Smart Ports
Clusters, TL-SPC) / /leopisnesux Inmenexmyanvuux nopmosux xnacmepie (Concept
of Two-Level Intelligent Port Clusters, TL-IPC), wo no€onye miscnopmosy ma 6Hy-
MPIWHLONOPMOBY IHMe2payir, 3abe3neyyruu Macumabdosanicms, @OVHKYIOHATLHY
yinicuicms i adanmusHicms. Posenanymo npuxiaou gopmysanns Smart-kiacmepis y
€sponi (llisniunomopcokuii mezaxnacmep) ma Aszii (Greater Bay Area, Kumaii), wo
niomeepocyroms eghekmuericms yuppoesoi cunepeii y kiacmepuux mooensnx. Bema-
HOBNIEHO, WO 080PIGHE8A KAACMEPU3AYis Cy2ye NAAmgopmoio O 6NpoGaAONCEHHs
IHMeNeKMYanibHUX MexHON02il (Wmy4Ho20 [Hmenekmy, ON0KYelHy, yupposux O8ii-
HUKI8) ma cnpuse exonoziunit mparcgopmayii. 3anpononosana mooenv hopmye
cmpameziuny 0CHO8Y 0151 mpanchopmayii YKpaiHCoKux nopmis y 6UCOKOMexXHON02iY-
Hi iHpacmpykmypui Smart-06’exmu, 30amui 3abe3neuysamu Oe3nepepsHy yugposy
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83aeM00it0, payionaivie YNpasiinHs pecypcamu ma inmeepayiio 00 2100aibHuUx mpam-
cnopmuux mepedxc. Bucnosok. Jlocniodxcenns niomeepouio, wjo Kiacmepuzayis € Kiio-
yosuM iHcmpymenmom mooeprizayii nopmoeux cucmem. Konyenyis TL-SPC/TL-IPC
3abe3neuye cmpyKmypHy eHyuKicms, yugposy inmeepayiro ma niosuuye iHHOSAYIHUL
nomenyian nopmis. Ilepexio oo Inobanenux Smart Port knacmepis (Global Smart Port
Clusters, G-SPC) abo [nobanvnux Inmenexmyanonux nopmoesux xiacmepis (Global
Intelligent Port Clusters, G-IPC) € nacmynnum emanom egonoyii nopmosux cucmem,
o nepedbauac KOMNIEKCHy iHmezpayiio 6 2oOaIbHy Mpancnopmuy iHgpacmpyxknmy-
py. 3anpononosana xonyenyis 0 Yipainu hopmye cucmemoymeoproiouy ochogy 0s
NICISIBOEHHO20 GIOHOGLEHHSI NOPMOGOL IHhpacmpykmypu ma i nooaibuio2o Cmanoco
PO36BUMKY, A MaKoxc sumazae pospoonenns Hayionanonoi Smart Port Cmpamecii ma
NepCcoHaniz08anux cmpameiii po36UmMK)Y Nopmie 3 ypaxy8aHuam ixuvoi cneyianizayii
ma ingppacmpykmypHoeo nomeHyiay.

Kniouoei cnosa: Smart Port, posymnuti nopm, nopmogi Smart-kiacmepu, nopmogi
Kaacmepu, mpaucnopmui cucmemu, mpancnopmua ingpacmpykmypa, mpaHcnopmHi
MEXHONO02IT, BAHMANCHI NePeBe3eHH L.
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Summary

Introduction. This article explores the prerequisites for the development of Smart
Clusters within Ukraine’s port system as a forward-looking vector of technological
transformation in maritime infrastructure. The concept of Smart Clustering is based on
the convergence of spatial-infrastructural integration with the deployment of advanced
digitaltechnologies-such as the Internet of Things (loT), artificial intelligence, blockchain
solutions, and digital twins. This synergy enables a rethinking of port operations through
network-based interaction, adaptability, and technological interconnectivity. Purpose.
The aim of this research is to substantiate the Concept of Two-Level Smart Clusters as
a tool for modernizing Ukraine's port system, capable of ensuring digital integration,
environmental sustainability, and scalable interaction with global transport networks,
taking into account leading international experience, current technological trends,
and the strategic tasks of infrastructure recovery in the post-war period. Results. The
paper systematizes theoretical approaches to port clustering, classifies cluster types,
and analyzes their impact on port infrastructure efficiency. It highlights the essential
role of spatial and infrastructural clustering in enhancing the connectivity of ports with
national and international transport corridors. The study introduces the Concept of Two-
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Level Smart Ports Clusters (TL-SPC) / Two-Level Intelligent Port Clusters (TL-IPC),
combining inter-port and intra-port integration to ensure scalability, functional
cohesion, and adaptive capacity. Case studies from Europe (North Sea Mega Cluster)
and Asia (Greater Bay Area, China) demonstrate the effectiveness of digital synergy
within cluster-based port models. The research confirms that two-level clustering acts
as a platform for the implementation of intelligent technologies (A1, blockchain, digital
twins) and supports the transition toward sustainable, environmentally conscious port
operations. The proposed model lays a strategic foundation for transforming Ukrainian
ports into high-tech Smart infrastructure nodes capable of continuous digital interaction,
efficient resource management, and seamless integration into global transport
networks. Conclusions. The findings underscore that clustering is a key instrument in
modernizing port systems. The TL-SPC/TL-IPC framework offers structural flexibility,
digital integration, and enhanced innovation potential. The transition towards Global
Smart Port Clusters (G-SPC) or Global Intelligent Port Clusters (G-IPC) represents
the next evolutionary step, emphasizing comprehensive integration into the global
transport infrastructure. For Ukraine, this concept offers a system-building foundation
for post-war reconstruction and sustainable redevelopment of port infrastructure. It
also calls for the development of a National Smart Port Strategy and individualized port
development strategies based on specialization and infrastructural capacity.

Key words: Smart Port, intelligent port, port Smart Clusters, port clusters, transport
systems, transport infrastructure, transport technologies, freight transportation.

MocranoBka npodaemu. CydacHa CBITOBa MOPTOBA 1HIYCTPIsl IEPEKUBAE IIBUJIKI
3MiHH TI1J1 BITTMBOM IIM(POBUX TEXHOJOT1H, aBTOMATH3AIlii Ta IHTerpalii TPaHCIIOPTHUX
nporieciB. TpaauiiiliHi MOPTOBI CUCTEMH BXKE HE BiJIIIOB11al0Th BUMOTaM €(PeKTHUBHOCTI,
€KOJIOTiuHO] cTifikocTi Ta Oe3neku [1].

Konmnenmiss Smart Ports mepenbadae BUKOPUCTAHHS IHTEIEKTyaJIbHUX TEXHOJO-
rifl I miaBUIICHHS e()EKTUBHOCTI, aBTOMaru3allii mporeciB i nudpoBoi B3aeMoil
MDK yciMa y4acHHKaMHU TPaHCIOPTHOTO cepenoBuia. OqHak e(eKTHBHICTH OKPEMHUX
«PO3yMHHUX» TIOPTiB Oy/ie 0OMEKEHOI 0€3 CTBOPEHHS €IMHOI MEPEXi B3aEMOJIIT MIXkK
HuMH. Came TOMy cydacHa IOpPTOBa rary3b OTpedy€e KOMILIEKCHOTO MiIXOMY, SIKUH pea-
mizyerbes uepe3 Konnenmiro Smart-kiactepis. Bona nepen0auae iHTErpaiiio KijabKox
MOPTiB, TPAHCIIOPTHUX BY3JB, 1HIYCTpiadbHUX 30H Ta MU(PPOBUX TuIATGOPM y €IUHY
BHCOKOTEXHOJIOTIUHY cucteMy [2].

Yepes BiitHy nopToBa iHppacTpykTypa YKpaiHM 3a3Haja 3HaYHUX BTpAT, IO CYT-
TEBO BIUIMHYJIO Ha 11 (yHKIIOHYBaHHS, CTaH TPAHCIOPTHHX KOPHJOPIB 1 3araibHy
EKOHOMIUHY e(eKTHBHICTh. blokana nopriB, pyiiHyBaHHS KPUTHYHHUX 00’ €KTIB Ta CKO-
pOYEHHSI 00CATIB BAaHTa)KOIIEPEBE3CHb CTBOPHIIM KPU30Bi YMOBH JUISI PO3BHUTKY Tary3i.
OpHak miciist 3aBEpILCHHS BOEHHUX JiM BiJHOBJICHHsI MOPTOBOI CHCTEMHU Mae BijiOy-
BaTHCS HE JIMIIE MUISIXOM PEKOHCTPYKINIi 3pylHOBaHMX 00’€KTiB, a i uepe3 TIMOOKY
MojepHizaiito. Peanizanis Konmeniii Smart-kiactepiB CpusSTUME [iABUIICHHIO KOH-
KypEHTOCIIPOMOKHOCTI YKPaiHCHKHX MOPTIB, IX TEXHOJIOTIYHOMY PO3BUTKY Ta ajariTa-
1ii 10 T100aabHUX TPAHCIOPTHUX TEHCHIIIMN.

AKTYaJbHICTh N0CTizKeHHs1. Y MICISIBOEHHUI NepioJ] 04iKYIOThCS TIIMOOKI TpaHc-
dopmarii y CTpyKTypi TPaHCIIOPTHUX KOPUIOPIB, TOPTOBEIBHUX TIOTOKIB, EKOHOMIYHUX
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3B’SI3KIB Ta reonoiTHuHuX OanaHciB y perioHi Yoproro Ta Bantidickkoro mopis [2].
OfHUM 13 TIEPCIICKTUBHUX IIJIXO/IB JIO BIJIHOBJICHHS Ta MOJICpPHI3allii MOPTOBOI CHUC-
TeMH YKpaiHu € BIPOBaKEHHs Smart-KiacTepiB — MU(POBI30BaHUX, aBTOMATH30Ba-
HUX Ta IHTErPOBaHUX TPAHCIIOPTHUX EKOCHCTEM HOBOTO MOKOMiHHA [2]. Lls koHIenis
JI03BOJISIE:

— CTBOPUTH €IUHY HU(POBY CUCTEMY YIIPABIIHHS IMOPTaMHU JUIs €(pEeKTUBHOI B3a-
€MOJIiT BCIX YYaCHUKIB TPAHCTIOPTHOTO MPOIIECY;

— CHHXPOHI3yBaTH TEXHOJOTIYHI Orepallii B MeXax KJIacTepy, MiIBUILYIOUH [ITBH/I-
KiCTh Ta €(PEeKTHBHICTh BAaHTAKOIICPEBE3CHb;

— MIiHIMI3yBaTd €KOJOTIYHHI BIUIMB IOPTOBOI JISUTBHOCTI 3aBISIKU 1HTEIEKTYallb-
HOMY YTIPaBIIiHHIO PECypCaMu;

— TIOCHJIUTH KOHKYPEHTOCTIPOMOXKHICTh YKPaiHCHKUX TOPTIB y TO0aNbHIN TpaH-
CHOPTHIN CHUCTEMI.

Konnermisi Smart-knacrepi nepepbadae 0o0’eaHaHHs MOPTIB 3a reorpadiyHUMH,
(YHKI[IOHATBHUMH Ta TPAHCIIOPTHUMHU KPUTEPISIMH 3 METOI0 ONTHUMI3allii JaHIIOTiB
JOCTaBKH Ta IMiJIBUIIEHHS CTIHKOCTI mopToBoi iH(pacTpykTypu. EdekTuBHICTH TaKOTO
IIIXOY MiITBEP/DKYETHCS MI>KHAPOJIHUM JIOCBIZIOM KJIACTEPHOTO YIIPABJIIHHS, 30KpeMa
npatsivu Matiikna IToprepa [3] Ta inmmx gocnigaukiB. JociiukeHHs [4] migKpeciroe
BakJuBicTh iHTerpaiii Konneniii Smart Ports y cy4acHi TpaHCHOPTHI CUCTEMH, IO
€ 0COONMBO aKTyaJbHUM JUIsl YKpaiHU B KOHTEKCTI MICISIBOEHHOT BiIOY/IOBH.

TakuM 4MHOM, BIPOBAKCHHST Smart-KjacTepiB y moprax YKpaiHU € CTpaTeriaHo
BOXJIMBUM KPOKOM JUIsSi MOJIEpHi3allii MOpchkoi iH(pacTpyKTypu Ta 3a0e3rnedeHHs ii
KOHKYPEHTOCIIPOMOKHOCTI [2]. Peaizaitis miei KoHuemniii 703BONMUTE HE JIMIIE BiTHO-
BUTH BTpa4CHI MOTYKHOCTI, @ i CTBOPUTH Cy4acHY TPAHCIIOPTHY CHCTEMY, IIIO BifIO-
BiZIaTIMe MI>KHAPOJHUM CTaH/apTaM Ta CIIpUATUME iHTerpallii YKpaiHu y eBponeichki
Ta CBITOBI pUHKH. JIOCHIIKEHHST MOXIIMBOCTEH (hOpMyBaHHS Smart-KiiacTepiB y mop-
Tax YKpaiHH Ma€ BHU3HaYajbHE 3HAYCHHS JUIS IOJANBIION0 PO3BHTKY HAIllOHAJIBHOT
TPAHCIIOPTHOI CUCTEMH Ta Ti aJlanTallii 0 HOBUX T'€OCKOHOMIYHHX peaIiil.

Amnaui3 nociaimkens i myosikamiii 3a TeMaTuko10. J{0CTiKEHHS TOPTOBOI KIacTe-
pu3arlii akTHBHO TIPOBOJISITHCS B PO3BUHEHUX KpaiHax, 30KpeMa B €Bporti, A3ii ta [1is-
HiuHiH Amepuni. HaykoBi mparii Takux aBropis, sk Notteboom T., Rodrigue J.-P., De
Langen P.W., Ta iHmmx ekcrepTiB [5—9] miaTBepKyIOTh €(hEeKTHBHICTh KJIACTEPHOTO
miaxomy o oprasizanii QyHKIIOHYBaHHSI MOPTOBHX KomruiekciB. [TopToBi kiacrepw,
taki sik Rotterdam Smart Port (Higepmannau) ta Singapore Maritime Cluster (Cinra-
yp), € YCHIITHIMHU MPUKIIaJaMH iHTerpaii UpPOBUX TEXHOJOT1H y MOPTOBI EKOCHC-
temu [1]. Y dyHmaaMeHTanbHii npariii [3] aBTOp OMUCYE 3arajibHy KOHIICTIIIIO KjIacTepiB
Ta iX BIUIMB Ha KOHKYPEHTOCIPOMOXHICTh PErioHiB 1 Kpain. Y po0Oori [5] aBropu po3-
IJIS1/1at0Th KOHIIEIIIIF0 perioHai3allii mopTiB, sKa rnepeadadyae iXH IHTErpallito B peri-
OHAJIbHI JIOTICTHYHI Mepexi. JlOCHiHKeHHST IEMOHCTPYE, IO MOPTH BXKE HE € JIUIIEC
TOYKaMHU BXOJY-BHXOIY JUIS TOBApPOIOTOKIB, & CTAIOTh YACTHHOIO CKJIAJHUX MYJIBTH-
MOJIANIbHUX JIOTICTHYHUX JIaHIIOT1B. DOpMyBaHHS IOPTOBHUX KJIACTEPIB PO3TIISAAETHCS
SIK KJIIOYOBHH €Tam y PO3BUTKY CYyYaCHUX MOPTOBHX cucteM. JlocmimpkeHHs [6] mpu-
CBSIUCHE NMHUTAHHSAM YIPaBIiHHSI MOPCHKUMH TIOPTOBUMHE KJIacTepamMu. ABTOp aHaIlizye
MeXaHi3MH KOOpJIMHAIT Ta B3aEMOJIIT MIXK JIEp’)KaBHUMHU PETYISTOPAMH, TPUBATHUMH
orepatopamMH Ta JIOTICTHYHMMHU KoMmaHisMu. OcobnuBa yBara mpujiieHa MUTaHHIM
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cTparerii ynpasiiHHS TOPTOBUMH KJIaCTepaMHM JUIsl MiABHIICHHS TXHOI KOHKYPEHTO-
CIIPOMOXHOCTI. Y po0oTi [7] pO3IISLIAETHCS POIIb MOPTOBUX KIIACTEPIB y TIIOOATBHUX
JIAHIIOTax TOCTaYaHHs. ABTOPH JIOCIIIKYIOTb, SIK TIOPTH MOXKYTh IHTETPYBaTHCS B MiK-
HaAPOJIHI JIOTICTHYHI MEpPEexi, 30KpeMa, uepe3 U poBi3allilo, aBTOMATH3AIIIFO Ta CIIbHE
BUKOPHUCTaHHS iHPpacTpyKTypH. JlOCHiPKeHHS MICTHTh TIOPIBHSJIBHUHN aHai3 poBij-
HUX CBITOBHUX IMOPTOBMX KJacTepiB. Y cTarTi [8] aHami3yeThes po3BUTOK mopty JlyOait
Ta WOro iHTerpailis B r1o0ajbHI JIOTICTUYHI JIAHIFOIU. ABTOPH BHU3HAYAIOTh OCHOBHI
YHHHUKH, 110 BIUTUBAIOTH HA (POPMYBAHHS CTPATETIT MOPTOBHUX KIIACTEPIB, 30KpEMa I'eo-
rpadiuHe po3TalryBaHHs, JepKaBHY MOJTITHKY Ta TEXHOJOT1YHI iHHOBaIii. ¥ crarTi [9]
JOCIIJIKYETBCS TIOTEHITIall CTBOPECHHS MOPTOBUX KJIacTepiB B [pmanmii. ABTOpH po3ris-
JIAI0Th MOKIIMBOCTI KOOTIEpaIlii Mi>K MOPTaMH, [0 MOXKE CHPHUSATH IiABUIICHHIO TXHBOT
KOHKYPEHTOCIIPOMOXKHOCTI. POOOTa MICTUTh J€TaIbHUI aHaJTi3 EKOHOMIYHUX BUTO BiJl
KJIACTEPHOTO ITiJIXO/Y JI0 PO3BUTKY TOPTOBOT iHHPACTPYKTYPH.

L1i poboTu € Ba)XITMBUMHU JJIsl PO3YMIHHS CBITOBOTO JIOCBIY Yy cepi Kinacrepu3arii
MOPTIB Ta MOXYTh OyTH BUKOPUCTaHI JIjIsl pO3pO0KH Mojierielt Smart-kiactepiB B YKpaiHi.

DopmyawBaHHA 1ijield. Metoro pociipkeHHs € o0rpynTyBanHs Konueniiii aBo-
piBHEBHX Smart-kjacTepiB K iIHCTPYMEHTY MOJICpHi3allii MOpToBOi cUCTeMHU YKpaiHW,
3aTHOTO 3a0e3MeunTH MU(POBY IHTErpaIlilo, SKOJIOTIYHY CTaJIiCTh 1 MaciITaboBaHy
B3a€EMOJIiI0 3 TIOOATBHUMH TPAHCIIOPTHUMH MEPEKaMH, 3 ypaxyBaHHSM IPOBIJIHOTO
MDKHAPOJTHOTO JIOCBIiY, aKTyaJIbHUX TEXHOJOTIUYHMX TPEH[IB 1 CTpaTeriyHux 3aBlaHb
IHPPACTPYKTYPHOTO BiJTHOBJICHHSI y TOCTBOEHHHH TIEPIOJ.

Buxozstuu 3 MeTH, IOCTaBIICHI TaKi 3aBIaHHSL:

1. TlpoBecTy cucTeMaTH3allil0 TCOPSTUYHHUX IMIJXOJIB IO KiacTepu3ailii MOpTiB,
BU3HAYUTH OCHOBHI THITM TIOPTOBUX KIIACTEPIB Ta OIIHUTHU IXHIH BIUIMB Ha e(peKTHB-
HICTb IOPTOBHUX CHUCTEM.

2. BuzHauuTH poOSIb MPOCTOPOBO-IHGPACTPYKTYPHOI KiacTepHU3allii y pPO3BUTKY
MOPTOBUX CHCTEM, a TAKOXK iX B3a€MOJIII 3 HAI[IOHAJLHUMH T4 MDKHAPOJHUMH TpaH-
criopTHUMU Mepexxamu. CHOpMYITIOBaTH TOJIOKEHHS 00 (PyHIaMEHTAIbHOT PoJIi
MPOCTOPOBO-1HOPACTPYKTYPHOI KIacTepu3allii y pO3BUTKY MOPTOBHX CHUCTEM.

3. OorpynryBaru Konneniiro JIBopiaeBux Smart Port knactepis (Concept of Two-
Level Smart Ports Clusters, TL-SPC) / JIBopiBHeBUX [HTe/IeKTyaaIbHIX MOPTOBHUX KJIac-
tepiB (Concept of Two-Level Intelligent Port Clusters, TL-IPC) sik iHHOBaIIiiiHYy MOJIeITb
MIPOCTOPOBO-THPPACTPYKTYPHOI KIacTepHu3allii MOPTiB, MEePeI0AYUBIIN MOXKIIUBICTE 11
MaciuraOyBaHHs Ta TpaHchopmaitii y Konnenmiro Imobansaux Smart Port kiacrepis
(Concept of Global Smart Port Clusters, G-SPC) / ['mo6anpaux IHTENneKTyalIbHUX MOP-
toBux knacrepiB (Concept of Global Intelligent Port Clusters, G-IPC).

4. OmsHYTH TpPUKIAId CBITOBOTO JOCBiAYy (OpMyBaHHS Ta PO3BHTKY Smart-
KJIaCTEepiB y MOPTOBIH iHAYCTPIi.

5. BHUCBITIINTH MOXJIHMBOCTI Ta TEPCHEKTHBH BIPOBAPKCHHS KOHIICTITYaJIbHOT
MoJIeITi Smart-KjacTepiB y MOPTOBY CUCTEMY YKpaiHU B KOHTEKCTI II00AIbHUX TPEH/IIB
uugpoBizailii, aBTOMaTHU3allii Ta eKOJOTIYHOT CTAJIOCTI, a TAKOXK 3 ypaxyBaHHSM CIiec-
UQIYHIX BUKIIHKIB 1 MOTpeO, CIPUUMHEHUX BIHOIO Ta HEOOXITHICTIO CTPATETiYHOTO
BiJTHOBJICHHS YKPaTHCHKOT MOPTOBOT iH(pacTpyKTypH.

OcnoBHuii Matepian pocaimxenns. Kiacrepusaiisi NopTiB € CydacHHM ITiJI-
XOIOM JIO TIiJBHIICHHS €(EKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI MOPCHKOT
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iHppacTpykrypu. Bona nependavyae 00’eiHaHHS TIOPTIB Ta MOB’SI3aHUX 13 HUMHM ITiJI-
MIPUEMCTB y €JIMHY CHCTEMY JUIsl pallioHaJIbHOTO BHUKOPHCTAHHS PECYpPCiB, 3HUKEHHS
BUTpAT Ta CTUMYJIIOBAHHS iIHHOBAIIiH.

1. TeopeTuuHi 3acaau kiaacrepusanii noprie. Kinacrepusaiiisi 6a3yeThcsi Ha KOH-
Henmii Kinacrepis, sika Oyia Beplne jetanbHo onucaHa Maiikiom [loprepom y ioro
poboti «The Competitive Advantage of Nations» (1990) [3]. [loprep Bu3HA4YMB Kjiac-
Tepu sIK reorpadiuHi KOHIIEHTpallil B3a€MOINOB’S3aHUX KOMIIAHIM, MOCTavyaIbHUKIB,
cepBicHUX (ipM Ta MOB’sI3aHUX IHCTHUTYIIH y MeBHiN cdepi, sIKi OHOYACHO CIIBIpa-
IIOIOTh T4 KOHKYPYIOTh. TaKMM YHHOM, KJIAaCHYHE BH3HAUCHHs KIlacTepy repeadadac
CYKYIIHICTh B32€EMOIIOB’ SI3aHUX ITiIIPUEMCTB, OpPraHi3aliil i CTPYKTYD, sIKi B3aEMOJIIIOTh
y MeXax CHUILHOTO €KOHOMIYHOTO TIPOCTOPY.

Y KOHTEKCTI OPTOBOT iHAYCTPil KIaCTepHUIA MiXi/] Tepedadae iHTerpaiito mopTis,
TPAaHCIOPTHUX KOMITaHiii, BUPOOHWYHX ITiIPUEMCTB Ta 1HIIMX 3aIiKaBJICHUX CTOPiH
y enuHy Mepexy. lle crnpusie migBuiieHHIO e()EKTUBHOCTI TEXHOJOTIYHUX IPOIIECIB,
3HMYKEHHIO BUTPAT Ta CTUMYJIFOBAHHIO IHHOBAITIH.

VY cydacHill HayKOBIH JIiTepaTypi BUOKPEMIIIOIOTH J[BA OCHOBHI ITiJIXOM IO BU3HA-
YEHHS! TIOPTOBUX KJIACTEPiB:

— MIDKITOPTOBI KJIACTEpH — 00’ €IHAHHS KIJILKOX TOPTIB Y paMKaX OJIHi€T eKOHOMIY-
HOi yM reorpadiuyHOi 30HH, SIKi CHUIBHO BUKOPUCTOBYIOTh TPAHCHOPTHY iH(QPaCTPyK-
TYPY, TEXHOJIOTIi Ta MOCTYTH;

— BHYTPIIIHBOTIOPTOBI KJIACTEPU — CYKYIHICTh MIJAMPUEMCTB, IO QYHKIIOHYIOTbH
y MeXax OJIHOTO BEIMKOTO MOPTY, (POPMYIOUN BHYTPIIIIHIO MEPEXKY JJIsl IHTeTparii pi3-
HOMaHITHUX (QYHKITiH.

Y HayKoBHX MpallsiX 3aKOPJOHHUX aBTOPIB TAKOX 3aCTOCOBYFOTHCS IHIII ITiIXO/IN
10 kiacuikaiii TOPTOBHUX KIIACTEPIB, SIKi BPAXOBYIOTh PI3HOMAHITHI XapaKTEPUCTHKH
Ta QyHKIIT UX yTBOpeHb. Hanpukian:

— JesKi kiacudikaiii ak[eHTYI0Th yBary Ha piBHI iHTerpaiii Mik HOpTaMH Ta Ha
(YHKI[IOHATBHUX MOKIIMBOCTSIX KJIACTEPIB Y IMOOATBFHUX TPAHCIIOPTHUX JIAHITOTAX;

— iHmI Kracudikamnii 30cepe/KYIOThCSl Ha B3a€EMOII1 MOPTIB 3 THIIUMH €KOHOMIiY-
HUMH CEKTOpaMHM, TAKUMH SIK POMHCIIOBICTh, CHEPreTHKA Ta CLILChKE TOCIIONAPCTBO,
MAKPECITIOI0YH POJTb TIOPTOBUX KJIACTEPIB Y PO3BUTKY PETriOHATBLHUX EKOHOMIK;

— OKpeMi IMiAX0IM BU3HAYAIOTh OPTH K YaCTHHY OLTBII MacIITAOHUX TPAHCIIOPT-
HUX 44 IHPPACTPYKTYPHUX MEPEXK, 1[0 MAFOTh CITUIbHI IHYPACTPYKTYPH Ta TEXHOJOTII.

Taka knacugikaliist 103BOJIsI€ BpaxyBaTH BaKIMBICTh TPAHCIIOPTHUX Xa0iB, e MOPTH
€ BY3JIOBUMH TOYKAMH TP B3a€MOJIIT MK PI3HUMH BUJIAMHU TPAHCIIOPTY. Y 1IbOMY KOH-
TEKCTi MOPTH PO3IVISLIAIOTHECS HE JIMIIC K OKpeMi iH(QPacTpyKTypHi 00’€KTH, a U 5K
YaCTUHH MDKHAPOTHHX 1 MIKPErioHaJbHUX TPAHCHOPTHUX CHCTEM, SIKi aKTHBHO B3a-
€MOJIIFOTH MiXk COOOFO JJIsl TOCATHEHHSI CHHEPTETUYHOTO e(DEKTY.

Kpim Toro, mesiki kinacudikarii 30cepe/KyroThCsl Ha PO3BHTKY 1HHOBAIIWHUX TMOP-
TOBHMX TEXHOJIOTIH 1 TOCIYT, TAKUX SIK aBTOMAaTH3allisl BAHTAXKHUX OIeparliif, BUKOPHC-
TaHHS «PO3YMHHX» TEXHOJIOTIH JIJIsl ONTHMI3allil MOPTOBUX MPOILECIB Ta MiABUIICHHS
eHEeproe()eKTUBHOCTI.

OTxe, 3araNbHUM MIXig 10 Kiacudikaiii MOpTOBUX KIACTEPiB € OararorpaHHUM
1 3aJIeKUTh BiJI MHOXKHHH (DaKTOPIB, cepel] IKUX BKIMBUMHU € piBEHb iHTErpallii, pyHK-
LiOHAJIbHA CIICIiaJIi3allis Ta IHHOBAIlIHHUI MOTEHIIAI OPTIB Y KOHTEKCTI TI00aIbHIX
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1 JIOKQJILHUX TPAHCIIOPTHUX MEpeXk. Y 3B 53Ky 3 IIUM ICHY€E KUIbKa Pi3HUX IiJXOIB JI0
Kacu(ikalii mopToBUX KIACTEPIB, SIKi 30CEPE/PKYIOTHCS Ha PI3HUX acleKTax ixX QyHK-
1IOHyBaHHs Ta B3aemonii. Cepell HUX MOYKHA BHJIIJIMTH TaKi KiacH(ikallii, 1eTaibHO
PO3MISHYTI B pOOOTaX 3aKOPAOHHUX aBTOPIB:

1. ®ynkuionansHa knacugikaiis [10]:

— TPaHCIOPTHO-TEXHOJOTIUHI KJacTepu 30CEpe/KeHI Ha HaJaHHI TPaHCTIOPTHHX
MOCIIYT, BKJIIOYAIOUH TIEPEBAIKy BaHTaXKiB, 30epiraHus Ta TUCTPHOYILio;

— TIPOMHCIIOBI KJIACTEPH 1HTETPYIOTh BUPOOHUYI MiIPHEMCTBA, SIKi BUKOPHCTOBY-
I0Th OPTOBY 1HQPACTPYKTYPY ISl IMIIOPTY CHPOBUHH Ta €KCIIOPTY TOTOBOT MPOIYKIIii;

— 1HHOBAIIiIHI KJIACTEPH CIIPSIMOBAHI HA PO3BUTOK JIOCIIIKEHDb Ta BIIPOBA/IKCHHS
HOBITHIX TEXHOJIOT1H y MOpTOBIiH chepi.

2. l'eorpacdivna xnacudikarmis [6]:

— MDKHapOIHI KIacTepu OXOILUIIOIOTH IMOPTH, SIKi 00CIYTOBYIOTh TII00AIBHI TOPro-
BEJIbHI MapIIpyTH Ta MAlOTh CTpaTeriyHe 3HAYCHHs Y CBITOBIH TOPTiBIIi;

— perioHaybHI KiacTepu 00’ €JIHYIOTh MOPTH, 110 0OCITYTrOBYIOTh NEBHHU Treorpa-
¢biuHuit perioH Ta 3a0e3Me4y0Th BHYTPIITHHOPET10HABHI TepEeBE3CHHS;

— JIOKaJIbHI KJIACTEPHU CKJIAJAI0ThCS 3 TOPTIB, SIKi 0OCIYyTrOBYIOTH MiCIIeBi MOTpeOH
Ta MalOTh OOMEXCHUN pajiyc il

3. CrpykrypHa kinacudikamis [11]:

— TOPHU3OHTANBHI KJacTepu 00’ €HYIOTH MOPTH, SIKi CIIBIPAIIOIOTh Ha OJHOMY
PiBHI JIAHIIOTa IOCTAYaHHs1, HAIIPUKIIA]] KiJIbKa KOHTEHHEPHUX TEPMiHAIIIB;

— BEPTHUKAJIbHI KJIACTEPH IHTETPYIOTh MIOPTH 3 IMiJIPUEMCTBAMH PI3HUX PiBHIB JaH-
IfOra MOCTa4YaHHs, HalPUKJIaJ BUPOOHUKAMHU, TUCTPUO FOTOpaMH Ta TPAHCTIOPTHO-EKC-
NEeUTOPCHKUMH KOMITaHISIMH.

4. Knacuikarist 3a piBHeM iHTerpanii [12]:

— (opmanbHi KIlacTepH MaioTh OQII[IHHO BCTAHOBJIEHI CTPYKTYpH YIPaBIiHHS
Ta KOOPAMHALIT MK Y4aCHUKaMHU;

— HedopMasbHi KJIacTepu 0a3yrOThCS Ha HCOMIMIHHUX JTOMOBJICHOCTSIX Ta CITiBII-
parli Mk ydacHUKamMH 0e3 4iTKO BU3HAYCHUX CTPYKTYP.

HageieHi Bulile cucTeMaTH30BaHi IMiIX0IH /10 Kiacu(ikallil KI1acTepiB Aat0Th 3MOTY
BUCBITJIMTH KJIFOYOBI TEOPETUYHI 3acajMl KJlacTepH3allii MOPTiB, IIHOIIE yCBiTOMUTH
PI3HOMAaHITHICTh MMOPTOBHX KJIACTEPIB Ta iXHIO QyHKIIIO B TII00anbHii exoHomimi. Lle,
CBOEIO YEProro, CTBOPIOE MIAIPYHTS Uit (GOpMyBaHHS JI€BUX CTpaTeriil yrpaBiiHHS
Ta PO3BUTKY ITOPTOBOI iHPPACTPYKTYPH.

CyuacHu#l pOo3BHTOK KIIACTEPHUX MOJIENeH mepedadae iHTerpaito Takux TeXHOIO-
riii [1, 2]:

— IITYYHOTO IHTENIEKTY Ta BEUKUX JaHUX JIJIsl IPOTHO3YBAHHS BAHTAXKOIIOTOKIB;

— 10T (Inteprety pedeit) Ui MOHITOPHHTY CTaHY BAHTAXKIB y PEKUMI PEaIbHOTO Yacy;
OJOKUeHHY ISt 3a0€3MeUeHHS MPO30POCTi TEXHOJIOTTYHUX OIepalliii;

— 1udpoBUX JIBIHHUKIB MOPTIB JIJIsi MOJICIIIOBAHHS Ta ONTUMI3allii TEXHOJIOTTYHIX
TIPOIIECIB.

2. Posib npocTopoBo-iH(ppacTpyKTYpHOI KiIacTepu3alii y po3BUTKY MOPTOBUX
cucTeM. Y cydacHHX yMOBax TpaHcdopmarlii mopToBoi iHAyCTpii KllacTepu3aliisi HopTiB
BiJlirpae je/ali BaXIIMBILTY CTPATEriuHy POJb SK IHCTPYMEHT ITi/IBUIIEHHS KOHKYpPEH-
TOCIIPOMOXKHOCTI, TEXHOJIOTTYHOT €(DeKTUBHOCTI Ta iHTerpallii B No0aibHi TpaHCIIOPTHI
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Mepexi. BomHodac HassBHI HayKOBI IiIXOAH JI0 KiacTepu3alii moTpeOyloTh YTOUHEHHS
Ta PO3IIMPEHHS, HacaMIIepe]l 010 BU3HAYCHHS POJIi IPOCTOPOBO-iHYPACTPYKTYpHOT
opranizanii y ¢popmyBaHHiI Ta QyHKIIIOHYBaHHI TOPTOBUX KIIACTEPIB.

3 omsiy Ha 1ie, y MeKax JaHOro JA0CHIiKEHHsI ChOPMYITbOBAHO HU3KY TEOPETUUHUX
MOJIOKEHb, 1[0 PO3KPUBAIOTH (PyHIAMEHTAIbHE 3HAUCHHS IIPOCTOPOBO-1HPPACTPYKTYP-
HOT KJIacTepH3allii y pO3BUTKY MOPTOBUX cUcTeM. Lle He nuiiie akTyastizye HOBUH HAyKO-
BUH MiJXiJ], a i CTBOPIOE YMOBH JUIS MOJIAIBIIIOTO BIOCKOHAJICHHS TEOPETUKO-METOJIO0-
JIOT1YHUX 3aca]l KacTepHu3ailii mopTiB..

VY 11bOMY KOHTEKCTI POCTOPOBO-1HPPACTPYKTYPHA KIIaCTEPU3aIlisl pO3IIISIA€ThCS HE
JIMIIIE SIK OCHOBA Kjacuikailii a00 TUITOJIOTI3allii TOPTOBUX KJIACTEPIB, aJie 1 K KITHOUO-
BUH MEXaHi3M ixX CTBOpeHHs, (pyHIaMeHTallbHa (popMa oprasizaiii, ()yHKIIIOHYBaHHS,
B3aeMOIiT Ta iHTErpari y riodajibHi TpaHCHIOPTHI Mepexi. Takuil miaXij T03BOJISE
OCMHCIIUTH KJIACTEPHU3AIII0 SIK THCTPYMEHT aJanTailii MOPTOBUX CHUCTEM JO CYyYacCHUX
BUKJIMKIB: IU(PPOBOT TpaHcdopmarlii, 3pocTaHHs eKOJOTTYHIX BUMOT Ta aBTOMAaTH3aIlii
TEXHOJIOTIYHHX TPOIIECIB.

Ha mifgcraBi mpoBeieHOTO aHalli3y TEOPETHUHI MOJIOKEHHS MI0/I0 POl MTPOCTOPOBO-
1HPPACTPYKTYPHOT KJIacTepH3allii CHCTEMaTH30BaHO B TaKUH c1ocio:

Tonoowcenns 1. MiXIOPTOBI Ta BHYTPIITHBOMIOPTOBI KITACTEPH JOIITBEHO PO3IISIIATH
SIK KITFOUOBI1 €JIEMEHTH TPOCTOPOBO-iHPPACTPYKTYPHOI KITacTepHu3allii MopTiB.

Kracrepuzariis moptiB 6a3yeThesi Ha TPUPIBHEBIH i€papXivHii CTPYKTYpi, IO BKITIOYAE:

— MakKpopiBeHb — MIXKHAPOJHI TPAHCIIOPTHI KOPHIOPH, BEIHKI MIXKITOPTOBI Kiac-
TepH I00aIbHOTO MacITady;

— Me30piBeHb — PeriOHANbHI MIXITIOPTOBI KIIACTEPH, K1 00’ €IHYIOTh JISKiJIbKa MOp-
TiB B MeXax OJ{Hi€T kpaiHu a00 CyMDKHHX KpaiH, 0 QyHKIIOHYIOTh Y TiCHIH B3a€MO/Iil.
Li xmacTepy MOXYTh MaTH SIK HalliOHAJbHUH (MTOPTOBI KJIACTEPU OJHIET KpaiHM), TaK
1 TpaHCHAIIOHAJILHII XapakTep (MMOPTOBi KJIACTEPH PI3HUX KpaiH);

— MIKpOpiBEHb — BHYTPIIIHBOIIOPTOBI KJIACTEPH, 1110 BKIIOYAIOTH TCPMiHAIH, OTIe-
paropiB, TpaHCIIOPTHI KOMIIAHII Ta IHIIUX Cy0’ €KTiB PUHKY OPTOBUX TIOCIYT, SIKi IIFOThH
y MeXax OJJHOTO MOPTY.

Takuii TpUPIBHEBHIA MI/IX1J1, a TAKOXK T1OPWIHI BapiaHTH KiacTepu3allii BU3HAYAIOTh
MPOBIIHY MPAKTUKY YIPaBIiHHSI TPAHCIIOPTHUMH CHCTEMaMH, MOpTaMu Ta ix iHdpa-
CTPYKTYpOr0. BHOIp KOHKPETHOTO BapiaHTy 3aJIe)KHTh BiJ] PErioHAIbHOI CHEIU(IKH,
PIBHS TEXHOJOTIYHOTO PO3BUTKY, CTYIICHs MU(poBi3alii Ta MaciTabiB TPaHCIIOPTHOT
MEpExi.

[Mpuknanu peanizalii TPUPIBHEBOT KITacTepU3AIlii:

— €sponeiicbka TpancnioptHa Mepexa TEN-T (Trans-European Transport Network,
TEN-T): Ha MakpopiBHi — 00’ €IHAHHSI OCHOBHHX TPAHCIIOPTHUX BY3JIiB Y MI>KHAPOIHI
KOPHJIOPH; Ha ME30PiBHI — CTBOPEHHS PEriOHANILHUX TPAHCIIOPTHHUX [IEHTPIB; HA MIKPO-
piBHI — QyHKIIIOHYBaHHS JIOKAJIILHIX TEPMiHAIIB.

— Topr Cinramypy: Ha MaKpopiBHi — TI100abHa iHTErpallist B a3iiChKi TPaHCIIOPTHI
MepeKi; Ha Me30piBHI — perioHanbHa Koorepailis 3 mopramu Maaisii Ta [nnonesii; Ha
MIKpOPIBHI — IU(PPOBI T2 ABTOMATU30BaH|1 BHYTPILIHLOIIOPTOBI TEPMiHAIIH.

MiXIIOPTOBI Ta BHYTPIIIHBOIIOPTOBI KJIaCTEPHU B MEXKaX ICHYIOUOTO MiJXOAYy JIO
kyacudikailii IOPpTOBUX KJIACTEPIB € HEBIJ'€MHUMH €JIEMECHTAMH MPOCTOPOBO-iH(pa-
CTPYKTYPHOI Kjactepu3arliii. BOHH He JIMIlIe THIIOJIOTIYHO HaleXaTh 10 Kiacudikariil
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MOPTOBHX KIIACTEPIB, ajieé ¥ BU3HAYAIOTh TEPUTOPIalIbHY OpraHizaimiro moprtiB. Mixk-
MTOPTORBI Ta BHYTPIITHLOIIOPTOBI KJIACTEPH BUCTYIAIOTH OPTaHi3aIliifHO-IIPOCTOPOBUMH
dbopmamu peanizalii KIaCTEPHOTO IiIX0y, (OPMYIOYH OCHOBY JIJIsi pPO3BUTKY Cydac-
HUX TPAaHCIIOPTHHUX TEXHOJIOT1, ONTHMI3allii BAHTaXXOMOTOKIB Ta e(peKTUBHOI iHTerpa-
il y MiDKHapO/IHI TPAHCTIOPTHI MEPEKi.

Tonooicennsn 2. MiXnopToBi KiacTepu (HOpPMYIOThCS Yepe3 perioHami3aIlio mopTiB
1 00’eTHAHHS TX OPIIEH/IB Ta XIHTEPIIEH/IIB B €JHY CHCTEMY.

Taki KJ1acTepy BAHUKAIOTh Y IPOLIec IHTerpaLii pruOepesKHUX MOPTIB 13 HABKOJIHII-
HIMH TEPUTOPISIMU Ta BHYTpilmHIME perionamu [ 13], mo no3Boisie chopMyBaTH €AUHY
TPAHCTIOPTHO-IHPPACTPYKTYPHY CHCTeMy. Taka B3aeMOisl BUCTYIIA€ HE JIUIIIEC THIIOIO-
TIYHOIO O3HAKOIO, & 1 YNHHUKOM TIiABHUIIEHHS €(EKTHBHOCTI BUKOPHCTAHHS PECypCiB
Ta TEPUTOPIAILHOTO PO3BUTKY. Lle cTBOpIOe yMOBH [uIs iHTErpalii MOPTiB y MI00aIbHI
TPaHCHOPTHI JIAHIIIOTH.

MIiXITOPTOBI KJIACTEPH CIPHSIIOTH ONITHMI3allii BAHTaKOTIOTOKIB; €()eKTUBHII KOOp-
JUHAIIT Ta B3a€EMOJIi MK TTOPTaMH 1 TIepEeBI3HUKAMU; TAKITIOYEHHIO 10 TII00aThHIX
TPAaHCHOPTHUX KOPHIOPIB.

Ha miycrasi BuIiecka3zaHoro c(opMyJIFoeMO HACTYITHE BU3Ha4YeHHs (puc. 1):

MiXnopTOBHUil KiTacTep — 1€ IHTerpoBaHe 00’ €THAHHS NEKITHKOX MOPTIB Y MEXax
OJTHi€T Te0EKOHOMIUHO{ 30HH, SKi CIIJIFHO BUKOPUCTOBYIOTH TPAHCIIOPTHY 1H(PACTPYK-
TYpYy Ta TEXHOJOTii, KOOPAMHYIOTH CBOI (DOPICHIU, XIHTEPJICHIN, BaHTAXKOIIOTOKH,
MOTOKM TPAHCIIOPTHUX 3ac00iB, TPAHCIOPTHI 3B’s5I3KM, iH(OpPMALIiiiHI CUCTEMH i TeX-
HOJIOTI4HI TporecH, (pyHKIIOHYIOUM B MeKaxX PEerioHaji30BaHOTO cepeaoBuina. Taka
B3a€MOJlisl HE JIMILIE BU3HAYA€ TUIIOJIOTIYHI XapaKTePUCTUKH, a Il BUCTYNA€E BAKIMBUM
YUHHHUKOM TIiIBUIIEHHS €(DeKTUBHOCTI BUKOPUCTAHHS PECYPCIB 1 CIPUSHHS TEPUTOPI-
aIbHOMY PO3BHTKY, LII0 CTBOPIOE MEPEAYMOBH sl GYHKIIOHYBAaHHS KJIacTepa sIK €U~
HOT IHTEIPOBAHOT CTPYKTYPH.

Ilonoscennss 3. BHYTpILIHBONOPTOBI KJIACTEPHU € SAPOM JIOKAJIBHOI MPOCTOPOBOT
opranizanii moptoBoi HisuibHOCTi. BOHM (OPMYIOTBCS SIK CYKYNHICTb MiJIPHEMCTB,
MOPTOBHX OIEPATOPIB Ta IHIIMX Cy0’ €KTIB PUHKY, IO (YHKIIIOHYIOTh Yy MeXax OfHi€i
nopToBoi TepuTopii. IxHs B3aemonis 3abesmeuye: cHHEpreTHUHHIl ePeKT 32 PaXyHOK
KOOpUHAI{ omepartiii; miaBUIIeHHsT €()eKTUBHOCTI TOPTOBUX IMPOIECIB; CTAINN PO3-
BUTOK iHQpacTpykTypu. TakuM 4MHOM, BHYTPIIIHHONOPTOBI KJacTepu HE € JIMIIC
TEPUTOPiabHUMHU 00’ €IHAHHSIMH MiANPUEMCTB, a SIBISIIOTH COOOI0 KOMITIEKCHI IPo-
CTOPOBO-IHPPACTPYKTYPHI CHCTEMH, IO 3a0€3MEUyIOTh KOOPAWHAINIO isSITFHOCTI
Ccy0’€eKTiB y MeXax BH3HAYCHOI MIOPTOBOI TEPUTOPIi Ta akBaTopii, MiJBUIIYIOUN e(eK-
THUBHICTh TIOPTOBHUX OIICPAIIiid.

Ha mizcraBi BumieckazaHoro c(popMysIFoeMo Take BU3HaueHHs (puc. 1):

BryTpimHsomopTOoBHMiA  KjacTep — 1€ IHTErpoBaHe BHUPOOHMYO-EKOHOMIYHE
00’ eTHAaHHS TIATIPUEMCTB, 10 (PYHKIIOHYIOTh Y MEXaX OAHOTO MOpTy (Hioro TepuTopii
Ta aKBaToOpii, BU3HAYCHUX 3aKOHOAABCTBOM), (POPMYIOUM JIOKAJi30BaHY MEPEKy B3a-
€MOJIT JUIsl KOOpaUHAIl KIFOUOBUX (YHKINH MOPTOBOI JsSUIBHOCTI Ta 3a0e3reueHHs
CHUHEPreTHYHOT CITIBIpaIli BCIX YYaCHUKIB Kiactepa. B ymoBax 1udposizailii, aBroma-
TH3aIii Ta eKoJIOTiYHOT TpaHc(hopMaIlii Taki KJIIaCTepH CIIPHUSAIOTH ITiIBUIIICHHIO KOHKY-
PEHTOCIIPOMOKHOCTI IIOPTY Ta CTaJIOMy PO3BUTKY HOT0 iHGPaCTPyKTypH.
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IIpocropoBo-iHdpacTpyKTypHa KJIacTepu3alisi NopTiB
v
MixnopToBi Kj1acTepu BHyTpilIHLONOPTOBI KJIacTepu

/ Busnauenusn nonuamms. / Busnauenns nonamms.

MixknopToBHii KJacTep - 11e BHyTpimiHb0nopTOBHi KiIAacTEp - 1Ie

iHTerpoBane 00’ €HAHHS IEKITBKOX IHTerpoBaHe BUPOOHUYO-CKOHOMIUHE

HOPTIB B MEKax OJHi€] Fe0EKOHOMIYHOT 00’€IHAHHS i JIPUEMCTB, 10

30HH, SIKI CIIIIbHO BUKOPHCTOBYIOTh (DYHKIIIOHYIOTh Y MEKax OJJHOTO IOPTY

TpPaHCHOPTHY iHQPACTPyKTypy Ta (#oro TepuTopii Ta aKkBaTOpii, BUBHAYECHUX

TEXHOJIOT1i, KOOPAUHYIOTH CBOT 3aKOHOJJABCTBOM), (hopMyroun

(bopnenay, XiHTepIeH IH, JIOKAJIi30BaHy MEPEKyY B3a€MOIl u1st

BaHTAKOMOTOKH, TOTOKH TPAHCHOPTHHX KOOpJMHANIi KITI0YOBHX (yHKIIH TOPTOBOI

3ac00iB, TPAHCIIOPTHI 3B’ SI3KH, JUSUTBHOCTI Ta 3a0e3mevYeHHs

iHhOpMawiifHi CHCTeMH if TEeXHOIOTYHI CHHEPreTUYHOT CHiBIpalli BCIX Y4aCHUKIB

nporecy, (pyHKIIOHYIOUH B MEXax kinacrepa. B ymoBax mu¢posizatii,

perioHanizoBaHoro cepenosuma. Taxa ABTOMATHU3AL{ Ta eKOJIOTTIHOT

B3A€MO/Iisl BU3HAYAE TUIOJOTIUHI O3HAKH TpaHchopMmarii Taki KIacTepH CIpUsIIOTh

KJ1acTepa, miJBuILy€e e(heKTUBHICTh ITIBUIIEHHIO KOHKYPEHTOCIIPOMOXKHOCTI

BHKOPHCTAHHS PECYPCIB Ta CTUMYJIIOE HOPTY Ta CTAJIOMY PO3BUTKY i{oro

TEPUTOPIAIbHUI PO3BUTOK SIK YMOBY JUIS iH(pPACTPYKTYPH.

(byHKIIOHYBaHHS KJ1acTepa sIK €JHHOT

IHTETPOBAaHOI CTPYKTYPH. / /

Puc. 1. Cmpyxmypoymeopioroui eremenmu npocmoposo-iH@dpacmpykmypHoi
Kaacmepusayii nopmis

Tonoocenns 4. IIpocTopoBo-iHPpacTpyKTypHA KilacTepu3allisi € 0a30BUM MEXaHi3-
MOM (OPMYBaHHS IOPTOBUX CHCTEM.

Bona Bu3Hauae CTpyKTypHY OpraHizaimiro KiactepiB, (QYHKIIOHATBHY B3a€MOJIIO
MiX Cy0’€KTaMM PUHKY Ta piBeHb iHTErpallii MOpTIiB y IM00aibHI TPAHCIOPTHI MEpEexKi.
Bynp-sikuii noprosuii knactep QyHKIIOHYE Ha OCHOBI B3a€MOIIOB’ I3aHUX BUPOOHUYHX,
TPaHCIOPTHHX, (DIHAHCOBHX, iIHPOPMAIITHUX MOTOKIB, SIKi (OPMYIOTH €JJHHY E€KOCHC-
Temy. Y IIbOMY KOHTEKCTI MPOCTOPOBO-iH(PACTPYKTypHA OpraHi3allis He Juiie 3a0e3-
neuye (Hi3MYHy IPUCYTHICTB | KOOPAMHAIIIO YYaCHUKIB, a i BU3HAYAE CaMy MOXIIUBICTD
ICHYBaHHs KJIacTepHUX (OpM opranizaiii mopToBoi IisUIBHOCTI.

Tonoocennss 5. CydacHi TEHJEHINI CBi4aTh, MO0 MPOCTOPOBO-iH(pacCTpyKTypHa
KJIacTepu3allisl He JIMIIe 3a0e3Meuye JOKaIbHY B3a€MO/III0 MiK ITOPTaMH, a i BHCTYIIAE
KJIFOUOBUM MEXaHI3MOM iX I100asibHOT iHTerpariii.

[IpocropoBo-iHpacTpykTypHa KiaacTepu3allisi JO3BOJIsIE: ¢SKTUBHO IHTEIPyBaTH
MOPTH B MI>KHAPOHI TPAHCIIOPTHI KOPHJOPH Ta I100aJIbHI JaHIIOTH TTOCTavaHHs; pea-
mizoByBatu Konuenito Smart Ports; aganTyBati mopTu 10 BHKJIWKIB nudpoBizalii,
robasizamii Ta exonoriuHoi Tpancopmariii. Kiacrepusaitisi, sika BUXOIUTh 32 MEXKI
JIOKQJILHOT B3a€MO/Iii, CTa€ IHCTPYMEHTOM TJI00aibHOT TpaHCc(OopMaIlii mopToBOi 1HTY-
CcTpii, GopMyrOuM HOBI MOJIETIi CHIBIpali, KOOpAWHAIIT Ta IHTerpalii MiX OpTaMH Ha
CBITOBOMY DiBHI.

TakuM 4MHOM, TIPOCTOPOBO-IHPPACTPYKTYpHA KJIACTEPH3allisl HE JIUIIE OKPECIIOE
CTPYKTYPHI KOHTYpH CY4acHHUX TIOPTOBUX CUCTEM, aJie i BU3HAYAE CTPATETiuHi HAPsIMH
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iX pO3BUTKY B yMOBax IU(POBOi EKOHOMIKH, TEXHOJIOTTUHOI €BOJIOIIIT Ta EKOJIOTIYHNX
BUKJIMKIB. BoHa BucTymnae GyHIaMeHTaIbHO miatdopMoro it popMyBaHHS Ta pea-
mizanii HoBoi Konnenii JIBopieHeBux Smart Port kinacrepis (Concept of Two-Level
Smart Ports Clusters, TL-SPC) 3 MOXITUBICTIO MTOAANBIIOTO MACIITA0yBaHHS Ta TPaHC-
¢dopmartii B Konneniro [modansaux Smart Port kinactepis (Concept of Global Smart
Port Clusters, G-SPC). MeTbcs mpo KOHIEMNI|T iHTeNeKTyanbHUX, CTaIuX Ta iHTerpo-
BaHHUX TMOPTOBHX KJACTEPiB, 3MaTHUX e(PeKTUBHO (yHKIIOHYBaTH y CKJIAIHOMY IJIO-
0aJIbHOMY CEepEIOBHIIII.

3. Konnenuist JIBopiBHeBuX Smart Port kiiactepis: crpareris MaciuradyBaHHs
Y [J100aJIbHY KJIACTEPHY apXiTekTypy. Ha 0CHOBI BUII[e3a3HAUEHUX TTOJI0KEHb MOYKHA
3pOOHTH TMPHITYIICHHS, IO MPOCTOPOBO-IHPPACTPYKTYpPHA KIIacTepH3allis MOPTiB Ha
ME30piBHI PO3BUBAETHCS BIIMOBIAHO J0 3arajbHOT TCHJIEHIIIT II100ai3allii Ta MaciirTa-
OyBaHHS, OXOIUTIOIOYH SIK MIJKITOPTOBI, TaK 1 BHYTPITHBOIIOPTOBI KJIACTEPHI YTBOPEHHSI.
Buxoastuu 3 11i€l 3aKOHOMIPHOCTI, J01IbHO chopmymoBaru Konmernitito J[BopiBHEeBOT
KJIacTepu3alii MmopTiB, y MeXax sIKOT IHTerpailis MKIIOPTOBHX 1 BHYTPIIIIHEOTIOPTOBUX
KJIacTepiB 3abe3rneuye GpopMyBaHHS HOBOI MacmITaOHOT (DyHKI[IOHAIBHOI CTPYKTYPH.
Takuii mijxij CIpUsie MiIBUIIEHHIO e()EKTUBHOCTI (PYHKI[IOHYBaHHS IOPTOBUX CHCTEM,
MOMTHOJNICHHIO iX 1HTEerpallii y MiXKHaApOJIHI TPAHCIIOPTHI MEPEXi Ta 3MIIIHEHHIO KOHKY-
PEHTOCIIPOMOKHOCTI.

JloTiYHUM TIPOJIOBKEHHSIM TaKOTO IMiJIXOMY € HOTo KOHIIENTyalli3allisl y TaKuxX Bapi-
aHTax:

— Ha MakpopiBHi — Konnenist ['mobansanx Smart Port knacrepis (Global Smart
Port Clusters, G-SPC) a6o ['mob6anpaux [HTENnekTYansHIx moproBux kiactepis (Global
Intelligent Port Clusters, G-IPC);

— Ha Me3opiHi — Konnenis J[BopiaeBux Smart Port kiacrepis (Two-Level Smart
Port Clusters, TL-SPC) a6o JIBopiBHeBuX [HTENEKTYaIbHUX MOPTOBUX KiacTepis (Two-
Level Intelligent Port Clusters, TL-IPC).

3 METOI0 MOJANBIIOr0 KOHKPETH3YBaHHS BU3HAYCHUX i/Iel BHKIaIEMO iX Teope-
TUYHI 3aCajH, SIKi OOTPYHTOBYIOTh HEOOXIIHICTh THTErpalii pisHuX (a3 KiracTepusarii
y m100ajbHIM TPAHCIIOPTHIH cucTeMmi.

OCHOBHI TEOPETHYHI TOJOKEHHS:

Tonoocenns 1. Konnenuiss TL-SPC/TL-IPC nporionye HOBUE iHTeTpatliiHuid 1mij-
X1 0 TPOCTOPOBO-IHPPACTPYKTYPHOI KjacTepu3allii mopris, M0 Hepeadadae CTPyK-
TypHe Ta (QyHKIIOHAJbHE MOEJHAHHS MIKIOPTOBHUX 1 BHYTPIIIHBOIIOPTOBHX KJlacTe-
piB. Y Mexax Takoi Mojeli GopMyeThesl €1MHA MaclITabOBaHa CUCTEMA, sIKa CTBOPIOE
CHHEPIil0 MK OKpEMHMH EJIEMEHTaMH TOPTOBOI iH(pacTpykTypu i 3abesmeuye ii
a/IaNTHBHICTH Ta CTIHKICTH y II00aTbHOMY TPAHCIIOPTHOMY CEPEIOBHILI.

Tonooicennsn 2. Knactep, chopMoBaHUil Ha OCHOBI iHTerpailii Mi>KIIOPTOBUX 1 BHY-
TPILIHLONIOPTOBUX CTPYKTYp, NOLUIBHO ineHTUdiKyBaTH sk [IBopiBHeBHit Smart Port
kiactep (TL-SPC) abo JIBopiBHeBwuii IHTenekryansauii noprosuii knacrep (TL-IPC).
Takuii kyactep QyHKIIIOHYE sSIK aJIalITHBHA, JMHAMIYHA CUCTEMAa 3 BUCOKHM PIBHEM T'HYU-
KOCTI, 3/1aTHA TPaHC(OPMYBATHCh BIIIOBIIHO JI0 3MiH Y 30BHIIIHEOMY CEPEIOBHIII.

THonoocenns 3. Knactep TL-SPC/TL-IPC 3abe3neuye BUCOKHII PiBEHb IHTErpa-
mii MK HOro y4YacHUKaMmH: Y3TOJDKEHICTh iH(OpMAamiiiHUX IOTOKIB, ONTHMI3aIlilo
pecypciB Ta 3pocTaHHs omepariiiHoi edextuBHOCTI. Moro pons momsrae He nmie
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y (DYHKIIOHYBaHHI SIK TPaHCIIOPTHO-1H(YPACTPYKTYPHOTO KOMIUIEKCY, & i Y CTBOPEHHI
taThopMu Ut UdpoBoi Tpanchopmailii, aBromaru3anii Ta IHHOBaIliHHOTO PO3BUTKY
MOPTOBOT TATy3i.

Tonoocenns 4. dyukiionanpaa crpykrypa kinacrepy TL-SPC/TL-IPC 6a3yerbcs Ha
MPHUHIIMAIIAX: CUCTEMHOI 1HTerpaiii; nudpoBoi TpaHcopmailii; craaoro po3sButky. Lle
JI03BOJISIE:

— ONTHUMI3yBaTd TPAHCIOPTHI MOTOKH 32 PaxyHOK BIPOBAKCHHS 1HHOBAIlIHHHX
TEXHOJIOT1/ Ta aBTOMaTH30BaHMX CHUCTEM YTIPaBIIIHHS;

— 3MEHIIUTHU eKOJIOTIYHE HaBaHTaKCHHS Yepe3 BUKOPUCTAHHS «3EJICHUX» TEXHOJIO-
Tiif Ta eHeproeeKTUBHUX PillIeHb;

— 3a0e3Mne4nTH TII00AIbHY CHHEPTil0 MK MOPTaMH, TPAHCIIOPTHUMHE KOPUAOPaMH
Ta JIOTICTUYHUMH Xa0aMu;

— TapaHTyBaTH BHCOKY aJJalITUBHICTh IO TEXHOJOTTYHUX 3MiH, PHHKOBHX KOJIMBaHb
Ta HOBMX BHMOT Y TJI00QIEHOMY TPaHCIIOPTHOMY CEPEIOBHIIIL.

Honoowcenns 5. Knacrepu TL-SPC/TL-IPC BHKOHYIOTH KITFOUOBY POJIb Y CBITOBiH
TPaHCIOPTHIN MEpexki, BUCTYIAIOUH SIK:

— enuHUNA TUGPOBHUHA MPOCTIp Uit 0OMiHY THPOpMAIli€l0 MiX TOpPTaMH Ta TpaH-
CTIIOPTHHMH OTIEPaTOPaAMH;

— Cepe/IoBHIIE ISl BIPOBA/PKEHHS INTYYHOTO IHTENEKTY, OJOKYCHH-TEXHOIOTIH
Ta aBTOMAaTHU30BaHHUX aJTOPUTMIB YIIPABIIHHS;

— iHTerpamiifHa rargopma JJIs pO3BUTKY MYJIBTHMOIATBHUX TPAHCIIOPTHHX CHCTEM;

— iHCTpyMeHT (hopMyBaHHS II00aTBHOT KOHKYPEHTOCIPOMOXKHOCTI IIOPTOBHX CUCTEM.

Tonoxcenns 6. IlpocropoBo-iH(ppacTpykTypHa Kiactepusanis y ¢opmi TL-SPC/
TL-IPC Mae po3misiiaTucs He JIMIIE SIK IHCTPYMEHT Kiacudikarii, a 1 sk 6a3oBa cucre-
MOYTBOPIOIOUA MOJIEITh OpraHizailii mopToBux cucteM. Bona popmye ocHOBY st 3a0€3-
MEUCHHST y3TO/PKEHOT B3aEMOJIT MK CTPYKTYPHHMH PIBHSIMH YIPABIIHHS, 1HTETPY€E
MOPTH y TI00aIbHI TPAHCIIOPTHI MEPEXKi Ta MiBUIIYE iXHIO QYHKIIOHANBHY CTIHKICTD
y TUHAMIYHOMY CEPEOBHILI MI>KHAPOIHUX MIEPEBE3CHb.

THonoocenns 7. Peamizanis konuemnuii TL-SPC/TL-IPC Tta nepexin no ¢opmaris
G-SPC/G-IPC — ue crpareriuna mojeib Tpanchopmarlii mobdaibHOT MOpToBOI 1H(pa-
CTPYKTYPH, SIKa IMOETHYE IHHOBAIIIHICTh, THYYKICTh YIPaBIiHCHKUX PillIcHb, IU(POBY
MIATPUMKY TIPOIECIB Ta OPIEHTAII0 HA TPUHIIMIH CTAJIOTO PO3BUTKY. Y I[bOMY KOH-
TEKCTi MOPTH MEPECTAOTh OyTH JIMIIE TPAHCIIOPTHUMH BY3JIaMHU i TIEpETBOPIOIOTHCS
Ha CTpaTerivyHi CTPYKTYPOYTBOPIOIOUI €IIEMEHTH, M0 (opMyIOTh iH(PACTPYKTYpHHHA
KapKac T1o0abHUX TPAHCIIOPTHUX 3B’s13KiB. BoHM He nnie 3a0e31meuyroTh e(heKTUBHY
THTETpallif0 MDKPErioHAJIFHUX TOTOKIB, a U (QYHKIIOHYIOTh SIK TuardopMu Juist -
POBHX CEpBICiB, IHTEICKTYaJIbHOTO YIPABIiHHS Ta aJaNTHBHOI KOOPAWHAIII B yMOBax
JIUHAMIYHOTO TJI00aJILHOTO CEPEIOBHUIIIA.

4. CitoBuii 1ocBix popmMyBaHHs Ta pO3BUTK Smart-kjacTepiB y NopToBiii inay-
crTpii. [HcTuTyiOHAMI3a1s Ta MpakTHYHA peaizaiis Konmneniii Smart Port kinacrepis
y CY4acCHOMY CBiTi Ha0yBarOTh BCE OUIBIIOIO MOMIUPEHHS. Y PI3HUX PerioHax Crocte-
piraeTbest TEHACHIIIS 10 GOPMYBaHHS HE JIHIIE OKpEMHX HUPPOBUX a00 aBTOMATH30Ba-
HUX TIOPTiB, a caMe KJIaCTepHHUX CTPYKTYP, sIKi 00’ €THYIOTh IHTENEKTyalbHI PillleHHS
Ha JEKUIbKOX PIBHSX: BHYTPILIIHBOIIOPTOBOMY, MIKIIOPTOBOMY Ta MaKpOpErioHalb-
Homy. Lle#t minxin y3ro/uKyeThes i3 3anpornoHoBaHoro Buile Konmerniiero JIBopiBHEBUX
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Smart Port knacrepis (TL-SPC / TL-IPC), B 0CHOBI SIKOT JIS)KUTB 1HTETpallisl KJIacTepiB
y MaciTabHy (DyHKIIOHAIBHY €KOCHCTEMY. Y 1IbOMY KOHTEKCTI OCOOJIUBO ITOKa30BUMU
€ kelicu €Bporelichkoro Ta A31HCHKOT0 PETiOHIB, JIe peati3allis KIacTepHOi MOIEII Biji-
OyBaeThCs HA BUCOKOMY PiBHI iHTerparii.

A) €poreiicbkuii keiic. [TiBHiYHOMOpChKUi Smart Port meraknacrep.

Y Mexax MiBHIYHOEBPONEHCHKOTO periony (OpMY€ETHCS OJIMH 13 HAMOLIBIIT MTOKa30-
BUX TIPUKJIAJIB Me30- Ta Makpokiacrepuzanii — [liBHiuHOMOpchkuid Smart Port mera-
KJIacTep, JI0 CKIIIy SIKOTO BXOJSTH KIFOUOBI ITMOOKOBOIHI MOPTH 3axigHO1 €BporH:
Porrepnam, AutBeprieH, ['amOypr Ta HU3Ka MeHIIUX NnoptiB [liBHIYHOTO MOpst [1].

Knro4yoBi xapakTepUCTHKH:

— ixTerpamis mudpoBux miardopM U YIpPaBIiHHS JaHIForamu noctaBok (Port
Community Systems);

— aBTOMAaTH3allisl BAHTAXKOIEPEPOOKH, BUKOPHCTAHHS U(PPOBUX ABIMHUKIB IIOPTO-
BO1 iHPPACTPYKTYpH;

— enuHMA THdpoBUi pocTip, 1o 3ade3neuye 0OMiH JAHUMH MK TOPTAMH Ta TeP-
MiHaJIaMU;

— MIDKIIOPTOBA KOOPJIMHAILISI €KOJIOT1UHHX 1HIIIAaTHB, 30KpeMa y cdepl CKOpOUCeHHS
sukujiB CO,;

— TMepeopieHTallis 3 KOHKYPEHI[T Ha KOoomeparlito, 10 JA03BoJise OymayBaTh Kjac-
TEPHY CTPATETil0 PO3BUTKY B MEKaX MaKpOPETiOHY.

Yci 1i acrekTy cBifuaTh Mpo HAsBHICTH JTi€BOT IBOPIBHEBOI CTPYKTYPH, IO MOETHYE
IHAMBIyabH1 Smart-iHiI[laTUBY TOPTIB 3 X CHHEPreTUYHOIO B3aEMOJIIE€I0 HA MIXKIIOP-
TOBOMY Ta MaKpOpPiBHSIX.

b) Asilicekuii keiic. Smart-knactep Greater Bay Area, Kuraii

[HmuMi crpareriuHo BaXKJIMBUN MPUKIIa] Kiactepusaiii — e perion Greater Bay
Area Ha miBaHi Kurato, skuii oxorutoe noptu Lllenswxens, ['onkonr, ['yanwkoy Ta iHmm
TPAHCIOPTHI BY3JH. Y Mexax Ii€i amioMmepariii peani3yeThcsl 1HTErpoBaHa Smart-
€KOCHCTEMa MOPTIB, IO MIATPUMYE SIK PErioHallbHI, TaK 1 [JI00aJIbHI TOTOKH.

Knro4yoBi XxapakTepUCTHKH:

— nudposa yHiikailis HOPTOBUX OIEpalliid, BOpOBaKeHHs Al-pillieHb /1151 yrpaB-
JIHHS TPAHCTIOPTHUMH ITOTOKAMHU;

— CTBOPCHHS €MHOTO 1H(OPMAIIIHHOIO CepeOBUIIa, 110 00 €JHYE KOMEPIIiiHI,
aJIMIHICTPATHUBHI Ta TEXHOJIOT1UHI KOMIIOHCHTH;

— CHibHE YIPaBIiHHS JIAHUMH Ta TPAHCIIOPTHOK 1H(PACTPYKTYpOrO B Mexax
periony;

— BHCOKHUH piBEHb TEXHOJIOTIYHOI B3a€MOJIIT MIXkK ITOPTAaMH 3 ypaxyBaHHSM JICPIKaB-
HOT cTpaterii «OUH MOsC — OUH IUISIX».

Leti mpukIia 1 IEMOHCTPYE YCITIITHE BTIJICHHS IBOPIBHEBOT MOZIEII KJIACTEPH3aLlii 3 Oab-
MM TIEPEXOZIOM JI0 MAaKPOPIBHEBOT KOOPAMHALIT HA Mi>KHAPOHOMY PiBHi, 110 TIOBHICTIO BiJI-
noBiiae 3anporioHoBanii Buine inei Global Smart Port Clusters (G-SPC / G-IPC).

TakuMm 4MHOM, CBITOBUH JOCBII MiATBEPKYE €(DEKTUBHICTh KIIACTEPHOTO ITiIXOLY
1o 1dpoBoi TpaHchopmallii TOPTIB, IKUH IPYHTYETHCS Ha TAKHUX ITOJIOKEHHSIX:

— MOEIHAHHS IHTEJICKTyaIbHUX TEXHOJIOTIH 3 TIPOCTOPOBOKD KOOPIMNHAIIIETD;

— TIOCTYIIOBHH MEPEeXiJ| BiJ| BHYTPIIIHHONIOPTOBUX Smart-pillieHb 10 MIKIOPTOBOT
iHTerparii;
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— PO3BUTOK (YHKIIIOHAJIBHOT B3a€EMOJIIi B MEKaX MaKpPOPETiOHIB Ta TI00aTbHUX
TPAHCTIOPTHUX MEPEK;

— CTBOpPEHHS YMOB JIJISl ITiIBUIIICHHS] KOHKYPEHTOCIIPOMOKHOCTI IIOPTOBUX CUCTEM.

Po3rnisiHyTI NpUKIaIU MiATBEP/DKYIOTh JOLUUIBHICTh ajanTallii 3amnporoHOBaHOT
Butie Konneniii TL-SPC / TL-IPC 1o po3BUTKY Hal[lOHAJIBHHUX TTOPTOBUX CHUCTEM.

5. Ilorenuiaja BIpoBa/zKeHHsI KOHIENTYaJILHOI Moes i Smart-kiacrepiB y nop-
TOBY CHCTEMY YKPaiHU B yMOBaX INIO0AJIbHUX TPEH/IiB TA MiCASIBOECHHOIO BiJIHOB-
JIeHHsl. YKpaiHa Ma€ CTpareriuHo BWTIJHE reorpadivyHe po3ralryBaHHS Ta c(hOpMO-
BaHy CUCTEMY MOPCHKHUX 1 piukoBHX MOPTiB. [IpoTe BHACIIOK MacIITaOHOT BIHCHKOBOT
arpecii pd OiNbIIICTD KITFOYOBUX MOPTIB 3a3HATH CYTTEBUX YIIKO/KEHb, 1[0 TIOCTABHIIO
niepe;] KpaiHoro Oe3Npere/ICHTHI 3aBIaHHs 3 1X BIHOBJICHHS, MOJICpHI3allil Ta ajanTariil
JI0 HOBUX YMOB 1 BUMOT TJIO0ATbHUX TPAHCIIOPTHUX CUCTEM.

VY 11bOMY KOHTEKCTI KOHIICTIIisi Smart-KJacTepiB MOCTa€e K IHHOBALIWMHUN 1HCTPY-
MEHT 1T TpaHcdopMallii mopTosoi cuctemu Ykpainu. [i peanizanist 103B0mUTH CIIps-
MYBaTH BiJIHOBIICHHS TIOPTOBOI iH(ppacTpyKkTypu y Oik 1udpoBoi, aBTOMaTn30BaHOT,
EKOJIOTIYHO CTajoi Ta EKOHOMIUYHO e(eKTHBHOI Mojedi pPO3BUTKY. BrpoBaipkeHHS
Smart-knacrepiB 3a0e3neYUTh MiABHINCHHS KOHKYPEHTOCIIPOMOXKHOCTI YKPaiHCHKUX
NOPTiB, MOCWJICHHS iX 1HTErpamii y CBITOBI TPaHCIIOPTHI Mepeki Ta 3MIIHEHHS PO
VYkpainu B r100anbHAX JTAHIIOTaX MOCTAYaHHS.

KonmenryanapHa Moenb Smart-KJiacTepiB Jyisl YKpPalHChbKUX MOPTIB mepeadauae
NO€THAHHS TIEPEIOBUX TEXHOJIOTIH, IHHOBALlIHHUX yIPaBIiHCHKHX MMiJAXOJIB Ta Opi€H-
TaIlifo Ha cTajauii po3BUTOK. [0 11 KIIFOUOBMX KOMITOHEHTIB HAJIEKATh:

— 1udposa 1ardgopma yrnpasiiHHS MOPTOM — IHTErpoBaHa iHQoOpMaIliiHa cuc-
TeMa, 1110 3a0e3Meuye B3aEMOIIF0 BCIX YYaCHHMKIB TPAHCIIOPTHOTO MPOIIECY, ONTHMI3a-
1Ii0 JIAHITFOTIB IMOCTaYaHHsI Ta MiJBUIIECHHS ONEPaIiiHOT €(PEKTUBHOCTI 32 JJOTIOMOTOI0
HITYYHOTO IHTENEKTY Ta OJIOKYEHH-TEXHOJIOTiH. B yMOBax MicCIsSBOEHHOTO BiHOBICHHS
Taka riarpopma cTaHe 0a30BUM IHCTPYMEHTOM 3a0e3IeucHHsI OE3MeKH Ta 3aXUCTY
JAaHUX, 30KpeMa JUIsl KOHTPOJIIO PyXy TOBapiB Ta 3armo0iraHHs HE3aKOHHOMY IEpeMi-
[IECHHIO BAHTAXIB;

— ABTOMATHM30BaHI TPAHCIIOPTHI KOPHJOPH — BIIPOBAHKECHHSI IIM(DPOBUX PillICHb JIJIsI
3a0e3mnedeHHs Oe3rmepepBHOro, Oe3MneyHoro Ta e(peKTUBHOTO PyXy BaHTaXiB, 30KpeMa,
4yepe3 BUKOPHUCTAHHS IHTENEKTyadbHHX TpaHcrnopTHux cucteM (ITS), aBroHOMHHX
TPaHCIOPTHHX 32c00iB, pOOOTU30BaHKX ITEPEBAHTAKYBATHHUX KOMILICKCIB;

— EKOJIOTIYHUI MOHITOPUHT Ta eHeproe(eKkTUBHICTh — BHKopucTaHHA loT- Tex-
HOJIOTiH Ui MOHITOPHHTY €KOJIOTIYHOTO CTaHy MOPTIiB, BKIIOUAIOYM PiBEHb BUKHJIIB
3a0pyIHIOIOUMX PEYOBHH, CTaH BOJHOIO CEPEIOBHINA Ta yIpaBIiHHS Biaxomamu. He
MEHIII BaYKJINBUM € BIPOBAJPKCHHSI TEXHOJIOTIH BiJTHOBIIOBAHOI EHEPTETHKH, 30KpeMa
COHSTYHUX, BITPOBUX 1 TPOCHEPTETUYHUX YCTAHOBOK, 1110 JI03BOJISITH 320€3MeYNTH CTa-
T PO3BHUTOK MTOPTOBHX OIEPAIliil HABITh Y CKJIAIHUX YMOBaX MiCISBOEHHOTO BiJTHOB-
JICHHS iIHPpaCTPYKTypH;

— MYJIBTHUMOJANIbHA IHTErpamis — PO3IMHUPEHHS MYJIBTUMOJANLHUX IEPEeBE3CHb
yepe3 udpoBi mwiaTGopMu B3a€MOIIT MIXK MMOPTAMHU Ta 3ai3HUYHUMH, aBTOMOOLIb-
HUMH 1 pIYKOBHMH TEpMiHAIaMU. 3 OIVIsIly Ha MoTpedy onTHMi3allii MapupyTiB y mic-
JISIBOEHHUH MEPioJ, IHTEerpalis pi3HUX BUIIB TPAHCIIOPTY JOIMTOMOYKE 3MECHIIIUTH 3aJIeK-
HICTP BiJ] MOPYIICHUX Y1 BiJIHOBIIOBAHUX iHOPACTPYKTYP;
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— KibepOe3neka Ta nU(GPOBUN CYBEPEHITET — CTBOPEHHS HAIlIOHAJIBLHOI CUCTEMHU
KiOep3axucTy MOPTOBOi iHPPACTPYKTYpH Ta KpUTHUHUX [T-KOMIOHEHTIB s 3a0e3-
neyeHHs: cTabiabHOT poOOTH MOPTOBHX CHCTEM Ta 3aXUCTy 1H(OpMAIiiHUX MOTOKIB.
Lle 103BONMTH HE JIMIIE TapaHTyBaTu Oe3nepeOiifHy pealizalliio MOpTOBUX OIepallii,
a ¥ 30eperTu KOHTPOIb HaJl HalliOHAJHHUM TH(QOPMAIITHUM CepellOBHIICM Yy TIepioj
MIJIBUILEHUX 30BHIIIHIX 3arPo3.

Peaizanis konneniii Smart-kiactepiB y mopToBii cuctemMi YKpaiHu MOBHHHA 3]1iH-
CHIOBATHCS TIOCTYTIOBO, i3 TIPIOPUTETOM Ha BiTHOBJICHHS KPUTUYHUX BY3IIiB IMOPTOBOI
CHCTEMH, SIKi 320€3MeYyI0Th MIYKHAPOJIHY TOPTiBIIIO0, EKCIIOPTHHUI IMOTEHITIAN Ta 3B’ 30K
13 KIIFOYOBUMH €BPOTICHCHKUMHE TPAHCTIOPTHUMHU KOPUAOPAMHU.

Peasizarist 1iel KoHIIEMIIIT MAaTUME MYJIBTUIUIIKATUBHUEN €(EKT: BIJHOBJICHHS KOH-
KYPEHTOCIIPOMOYKHOCTI YKPAiHChKUX IMOPTIB, MiJBUIICHHS €(EKTUBHOCTI MYJIBTHMO-
JAIBHUX TIepeBEe3eHb, PO3LIMPCHHS HTErpamii y MiXKHapoIHI TPaHCIIOPTHI MEpexi,
3HW)KEHHsI BPa3JIMBOCTI /IO 30BHINIHIX BUKJIMKIB i ()OPMYBaHHS CTiiKOI, IHHOBaIiiHOT
TPaHCIOPTHOI CHCTEMH, 3/1aTHOT aJIalTyBaTUCs 10 TIOOATBHUX 3MiH.

[Momanbiri qOCHiKEHHSI MAIOTh 30CEPEUTUCS HAa PO3POOLIi MOETATHOT JOPOKHBOT
KapTH BIPOBA/DKEHHsI Smart-KjiacTepiB y Hal[lOHAIBHY IOPTOBY CUCTEMY 3 ypaxyBaH-
HSIM: aKTyaJbHUX O€3MeKOBUX BUMOT; CTaHy KPUTHYHOI iHPPACTPYKTypH; (iHAHCOBO-
EKOHOMIYHUX 00MEXeHb; MOTped MI>XKHAPOIHOT TOPTIBII.

Oco0nuBY yBary CiiiJi IPUIUIATH EKOHOMIUHIH JOIIIBHOCTI CTBOPEHHS OKPEMUX ITOP-
TOBUX Smart-kjacTepiB y mMexax HarioHanbHOT cTpaterii po3BHTKY 1HTEICKTYalIbHHUX
noptiB (National Strategy for the Development of Smart Ports), 1110 mae ctaru 6a30BumM
JIOKYMEHTOM JIJIsI TTIICTISIBOEHHOTO OHOBJICHHST YKPATHCHKOT MOPTOBOI Taury3i [4; 14].

TakuM YMHOM, 3aMPOBaPKEHHS Smart-KjiacTepiB y HOPTOBIiH cucTeMi YKpaiHu cTaHe
KJIFOYOBUM YMHHUKOM i1 MiCISIBOEHHOI BIIOYJIOBU Ta 1HTETpallii B Cy4acHy IIT0OAIbHY
TPaAHCIOPTHY cucTeMy. Peaizaliis i€l KOHIENIIT CIPUSATUME CTBOPEHHIO IHHOBAIIHHOT
TPAHCIIOPTHOI €KOCUCTEMH, IO BIAMOBIATUME CBITOBUM TEHICHIISAM IU(pPOBI3allii,
aBTOMAaTH3allii Ta eKOJIOriYHOI cTikikocTi. 1le, CBO€K 4eproro, A03BOJIUTH MiABUIIATH
KOHKYPEHTOCIIPOMOXKHICTh YKpPailHChKUX TIOPTiB, 3a0€3Me4nTH e(PEeKTUBHUI pPO3BU-
TOK MYJBTUMOJIQIBHUX MEPEeBE3eHb Ta MOCHINTH MO3UIIIT YKpaiHH y CBITOBiH cucTemi
TPAHCIOPTHUX KOMYHIKAIlIHHIX MEPEK.

BopHouac HEOOXiHO MOTTHOWTH JIOCHIHKCHHS 11010 (POPMYBaHHS IOETAITHOIO
TUIaHy BIPOBAJDKEHHS Smart-kjacTepiB, MO0 BPaXxOBYyBaTHME aKTyajbHI O€3MeKOBi
PH3HKH, CTaH KPUTUYHOI 1HPPACTPYKTYpHU Ta aJanTaililo 10 HOBUX €KOHOMIYHUX pea-
Tiii. BayKITMBUM HAaNPsSIMOM € TaKOXK OIliHKA EKOHOMIUHOT €()eKTHBHOCTI CTBOPEHHS KOXK-
HOT'O OKPEMOTI0 ITOPTOBOTO Smart-Kiactepa B KOHTEKCTI 3aranbHol Smart Port Ctparerii
PO3BHUTKY HalllOHAJIBHOT MMOPTOBOT cucTeMHu Ykpainu. [leramizartis miei Ctparerii moBu-
HHa TiependauaTy JIOKaibHI (EPCOHANI30BaHI) CTpaTerii Asi KOXKHOTO YKPaiHCHKOTO
MOPTY 3 ypaxyBaHHSM HOTO CIeIiai3allii, TPaHCIIOPTHUX 3B’ SI3KIB 1 MOTEHIIIaTy 1HTe-
rpanii B Mb>KHapoJIHi TpaHCHopTHi JaHmoru [4; 14].

BucnoBku. Knacrepusailisi mopTiB BUCTYIIa€ CTPATETIYHUM THCTPYMEHTOM ITiJ[BH-
HICHHS €()eKTUBHOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI MOPCHKOT 1HPPACTPYKTYPH, 3a0€3-
MEeYyI0ur 3HWKCHHS BUTPAT 1 CTUMYJIOBaHHs iHHOBaIii. CyuacHa KilacTepHa MOJICTb,
iHTEerpoBaHa 3 iHTeneKTyanbHuMu Texuonorismu (LI, 6mokdeiin, mudposi ABIHHUKN),
MiJICUITIOE POJIb MOPTIB Y MIO0ATBFHUX TPAHCIIOPTHUX CHCTEMax. 3alporOHOBaHa HOBA
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Konnermist /IBopiBHeBux Smart Port knacrepis (TL-SPC) / JIBopiBHeBuX [HTENneKTy-
anpHux noproBux kiacrepiB (TL-IPC) moeanye MiKIIOPTOBY Ta BHYTPIIIHEOTIOPTOBY
KJIACTEPHU3allit0, CTBOPIOIOYH I[UTICHY IIU(PPOBY apXiTEKTYpYy, IO CIPUSIE MACIITaboBa-
HOCTI, TpaHCopMaIlii Ta craomy po3BUTKY. [lomanbmmm erarom i eBoIttoLii € hopmy-
BauHs Konueniii [mo6ansaux Smart Port knacrepiB (G-SPC) / I'mobanbuux [HTEICK-
TyaJbHUX OpTOBUX KiacTepiB (G-IPC) — HOBUX MiZX0iB, IO OPIEHTOBaHI Ha TIINOOKY
THTETpaIliio 10 MDKHAPOJHUX TPAHCIIOPTHUX MEpEX i3 (POKycoM Ha iHHOBaIil, Hudpo-
Bi3allil0 Ta EKOJIOTIYHY CTaNliCTh. MiXKHAPOAHI PUKIaIH, 30kpeMa [TiBHIYHOMOPCHK 1
Mmerakiacrep i Greater Bay Area B Kutai, miaTBep/KyrOTh €)EKTUBHICTD TaKol MOJIETi,
3aCHOBaHOI Ha IUQpPOBIHA cuHeprii Ta exoromituii. s Yipainn Konuernmist Smart-
KJIaCTEPiB MOXE CTaTH OCHOBOIO TpaHC(opMallii TOPTOBOI CUCTEMH B YMOBaxX Iicis-
BOEHHOTO BIJIHOBJICHHS, 3a0e3meuyoun U(GPOBY CYMICHICTh, HAllIOHAJIbHY Oe3IeKy
Ta GopMyBaHHS repcoHanizoBanux CTpareriii po3BUTKY MOPTIB 3 ypaxyBaHHIM iXHbOT
crienianizaiii, iHQpacTpyKTypHOTO CTaHy Ta IHTErPaIiifHOTO OTEHITIATY.
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Summary

Introduction. The article explores key aspects of ensuring energy security in Ukraine
under martial law, with a specific focus on the supply of diesel fuel, a strategic resource
essential for the functioning of the economy and the defense sector. The urgency of
addressing energy security issues stems from disruptions in traditional supply routes caused
by the outbreak of full-scale military actions, which have necessitated rapid adaptation
of Ukraine's transportation and logistics infrastructure. Purpose. The purpose of the
study is to analyze the current challenges of supplying petroleum products to Ukraine,
to assess the impact of new customs legislative initiatives, and to substantiate effective
transportation and logistics solutions to maintain stable diesel imports during martial
law. Results. The research highlights significant changes in the geography of petroleum
product supplies after the start of hostilities, including the reorientation towards alternative
supply chains and partnerships. The article examines new legislative changes regulating
customs clearance for petroleum products, emphasizing their importance in accelerating
border procedures and enhancing energy security. The advantages of using flexitanks as
an alternative to traditional transportation methods are substantiated, including reduced
logistics costs, increased flexibility, and improved operational convenience within the
modified infrastructure conditions. Practical proposals for the optimization of petroleum
product imports using modern logistical solutions are presented. Conclusions. Ensuring
stable diesel supply under martial law requires a flexible, diversified logistics strategy
and the rapid adaptation of infrastructure. The new legislative measures and alternative
transportation technologies such as flexitanks significantly strengthen Ukraine’s energy
resilience during crises. The proposed logistics models provide practical tools for
enhancing national energy security under conditions of prolonged instability.

Key words: energy security, diesel fuel, transportation and logistics infrastructure,
petroleum products, customs procedures, flexitanks, alternative transportation, martial
law, crisis logistics, Ukraine.
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Anomauisn

Bcemyn. Y cmammi posensanymo Kno4o8i acnekmu 3a6e3nedents eHepeemudtoi oes-
nexu YKpainu 8 ymMo8ax 60€HHO20 CIMAHY, 0COONUBUL AKYeHmM 3p00NIeHO HaA NOCMAYAHHI
OU3ENbHO20 NATUBA SIK CIPAMESIYHO20 Pecypcy, HeoOXiOH020 0 cmabdiibHo20 QYHK-
YIOHYBAHHS eKOHOMIKU Ma CeKmopy 000ponU. AKMyanbHicmb 00CAIOHCEHHS 3YMOBIIEHA
NOPYUEHHAM MPAOUYITIHUX TO2ICIMUYHUX MAPUPYMIE 8HACAIOOK HNOBHOMACUMAOHUX
botiosux Oill, W0 suUMA2A€ ONepamu8Hoi adanmayii MpPaHcnoOPMHO-L02ICMUYHOL THE-
pacmpyxkmypu Vepainu. Mema. Memoio 00cuiodcents € ananiz akmyanibHux 6UKIUKIG Y
cghepi nocmavanms Hagpmonpodykmie 0o Yrpainu, oyinka 6niugy HO8UX 3aKOHOOABYUX
iHiyiamue wooo MUmHoO20 0hopmiIeHHs Mma 0OTPYHIMYBAHHA eheKMUBHUX MPAHCNOPM-
HO-/102ICMUYHUX piutenb 07 3a0e3neyeHHss CMmabiibHO20 IMROPMY OU3eIbHO20 NAIUBA
6 ymogax eocnnoco cmany. Pezynomamu. Y O0ocnioocenni suceimieno cymmesi 3mi-
HU 6 2eoepaghii nocmavants Hagpmonpodykmis nicis nouamky 060toeux Oill, 30Kpema
nepeopicHmayio Ha arbMepHAMuUGHi 102ICIMUYHI TAHYI02U MAd MIJNCHAPOOHY CHIBNpa-
yro. Ilpoananizosano Ho8i 3akOHO0ABUI 3MIHU WOOO MUMHUX NPOYEOYP OQOPMIIEHHS
Hagmonpodykmie ma aKyenmosaHo iXHIO poib Y NPUCKOPEHHI nepemuHy KOpOOHY U
niosuwyenni enepeemuunoi vesnexu. OOIPYHMOBAHO OOYIILHICIb BUKOPUCTNAHHSL (DlleK-
CIMAaHKIg K albMepHAMUBHO20 Memooy MPAHCNOPMYBAHHS, WO 3A0e3NeU)€ SHUNCEHHS
JNO2ICMUYHUX UMPAM, NIOBUUIEHHS SHYUKOCMI M 3PYYHOCMI eKCnayamayii 6 HOBUX
inppacmpyxmyprux ymoeax. 3anponoHo8aHo NpaKmuyHi pilueHHs 011 Onmumizayii
imMnopmy Hagmonpooykmie i3 SUKOPUCHAHHAM CYHYACHUX JIOCICMUYHUX MEXHONO02IL.
Bucnoexu. /{15 3a6e3neuenns cmadinibHo20 NoOCMayanHs OU3eibHO20 NAIUBA Y BOEHHUX
YMOBAX He0OXIOHI NPOBAVIICEHHS SHYUKOL, Jusepcugirosanoi nocicmuunoi cmpamezii
ma weuoxka aoanmayis ingpacmpykmypu. 3anposaiceni 3aKoH00A84T 3MIHU U1l BUKO-
PUCTNAHHA AIbMEPHAMUBHUX MEXHOLO02IU MPAHCHOPMYBAHHS, 30KpeMd (DleKCimaHKis,
BHAYHO NIOCUIOIOMb eHePeemUdHy CMIUKICMb YKpainu 6 ymosax kpusu. 3anpononosa-
Hi 102ICMUYHI MOOENT HA0aomMb NPAKMUYHI iHcmpymenmu OJisl NIO8UW eHHS HAYIOHAb-
HOI enepeemuunol be3nexu 6 nepiood mpueaioi HecmabiibHOC.

Kntrouosi cnoea: enepeemuyna 6e3nexa, ouzenvHe naiueo, mpaHCnopmHo-102icmuty-
Ha iHppacmpykmypa, nagpmonpooykmu, Mummui npoyeoypu, Grexcimanku, aibmepHa-
MueHe Mmpancnopmy8ans, 60CHHUL CINAH, KpU308a ao2icmuxa, Yxpaina.
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Introduction. The challenges of ensuring Ukraine’s economy and social sector with
energy resources of sufficient quantity and quality represent one of the most critical issues
for the country. Under conditions of martial law, the uninterrupted supply of diesel fuel
to Ukraine is a vital factor for maintaining defense capabilities, the operation of critical
infrastructure, and overall economic stability. The peculiarities of the of Ukrainian
imports structure brings up the idea that it is necessary to reduce transportation costs
when delivering fuel and energy products, which are the basis of the country’s economic
and energy security. In relation to them, the solutions are needed aimed at increasing
the efficiency of transportation and foreign trade operations by applying more advanced
methods of transportation.

Formulation of the problem. In the current conditions prevailing in the country,
there is a need for a complete restructuring of previously arranged transport routes,
strategies for customs brokerage management in import processes thorough justification
and optimization.

Recent research and publications analysis. Most modern publications mainly
highlight the economic and logistical problems of imported petroleum products
transportation to Ukraine. For example, in paper [ 1] the challenges of the global petroleum
products market and their impact on national security are considered. The publications
[2-3] are devoted to the analysis of the main trends in the light petroleum products
market in Ukraine. The papers [5-9] highlight the aspects of modeling supply chain
costs for the delivery of foreign trade cargo in modern conditions. But unfortunately,
few publications are devoted to the issue of finding new transport and technological
solutions for providing Ukraine with petroleum products.

Target setting. The purpose of this article is to analyze the specific features of customs
clearance procedures for diesel fuel imports, assess the effectiveness of the current
measures aimed at simplifying customs procedures, and identify ways for their further
improvement, as well as address infrastructure challenges related to the import delivery
of petroleum products under martial law conditions.

Presentation of the main research material. An important role in the efficient
organization of the cargo delivery process is played by the formation of a priority version
of the infrastructure framework of cargo delivery schemes, considering customs-related
factors which are necessary for a thorough study of the process. First, it should be
noted that this study is based on the concept of “infrastructure framework of cargo
delivery scheme”, which was proposed by the authors in the previous study [10]. That is,
the definition of the “infrastructure framework of the cargo delivery scheme” was taken
as a basis, as a graphic representation of possible variants of transport and technological
schemes for cargo delivery, which are formed according to the selected optimization
criterion.

It can be argued that the configuration of the infrastructure framework of the delivery
scheme depends to a greater extent on the geographical structure and volumes of cargo
flows. Let us analyze these factors using the example of the import cargo flow of diesel
fuel to Ukraine.

Since the beginning of the full-scale invasion, the Ukrainian fuel market has
undergone such a structural geographical and transport-logistics transformation that
no other country in the world has experienced. From March to July 2022, imports
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moved from the eastern and northern to the western and southern borders. The Russian
Federation and Belarus were replaced by Poland, Romania, Bulgaria, Turkey, Lithuania
and their ports [4]. Thus, in recent years, fuel imports to Ukraine have been mainly along
two approximately equivalent routes — Polish and Romanian. This refers to the point
of crossing the Ukrainian border, rather than the origin of the fuel.

It is obvious that the Ukrainian oil products market is now fully oriented towards
the European border. As a result, not only a geographical transformation has taken place
on the Ukrainian market, but also a customs, transport and logistics one.

As is known, the most economical type of transportation for petroleum products
transportation in large quantities is pipeline transport, in second place in terms
of economies by scale comes sea transport, followed by rail. Before the war, large
quantities of diesel fuel entered Ukraine mainly: via pipelines and by rail from the East.
Then it was stored in large volumes at oil depots located throughout the country, then
transported by road (gasoline trucks) to gas stations within the country. In other words,
road transport was applied only for retail trade [2-4].

Since oil depots became one of the main targets of aggression, one of the main
transport and logistics problems arose, namely the impossibility of accumulating a large
cargo of diesel fuel at oil depots. Therefore, the geography of supplies has changed,
the size of cargo lots has changed — all this has significantly affected transport logistics.
More than 40% of imports began to arrive by road transport, while by 2022 this type
of transportation did not exist at all in imports. In turn, the share of railways has
decreased to 40-45% [3-4].

The market for light petroleum products is actively transforming. The speed
of development of alternative supply channels directly depends on the right transport
and technological solutions.

The problems immediately arose with the existing rolling stock: both in railway
and road transport. The Ukrainian farmers proposed one of the possible solutions to this
problem back in 2002. The farmers ship fairly large batches of grain and vegetable oils
in twenty-foot equivalent units (TEU) for export by truck and rail. On the other hand,
on the return journey, the containers usually travel empty. It is quite possible to apply
special reusable flexi-tanks on the return journey to transport diesel fuel to Ukraine [11].

In the early 1990s, they were replaced by those made of thermoplastics, which
resulted in a drop in prices. However, there was no significant expansion of the market
until 2001, when the supply volume was about 5,000 units per year.

Also, in the early 1960s, the US military began to use flexi-tanks for the storage
and transportation of diesel fuel. The transportation organization model is as follows.
Aflexi-tank is a soft container that can be placed on various means of transportation, it can
be either a metal twenty-foot container, or a strong truck body, or a platform. It can hold
a significant volume of liquid, while when folded it usually takes up to 2% of the volume
it can hold. For example, one TEU can hold a flexi-tank with a volume of up to 20 m?
of diesel fuel, and when folded it is only about 0.3 m* and can be transported for use on
the way back. Flexi-tank (or flexible-tank) on the Ukrainian market is represented, as
a rule, by imported disposable products, the price of which varies within USD 500.00.
The disposable flexi-tanks are made of polyethylene or polyamide and are intended for
single use for the transportation of safe bulk cargoes (Fig. 1).
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Fig. 1. Traditional flexi-tank design
1 — partition with concave beams, 2 — multilayer material, 3-inch flange, 3 — 3-inch loading
valve, 4 — Automatic Exhaust valve, 5 — paper roll, 6 —20ft container

Unlike a traditional flexi tank, reusable special flexi-tanks should be used for the storage
and transportation of dangerous goods, which include diesel fuel. There are a few
companies on the world market that specialize in the production of reusable flexi-tanks.
The price of the flexi-tank in this case will be higher, but the cost of operating flexi-tanks
will ultimately be lower due to repeated use. A distinctive feature of such products is that
flexi-tanks are made of a special polymer material, adapted for repeated use and resistant to
almost any liquids; in particular (and this is one of the main features) — these are containers
and reservoirs for the storage and transportation of oil and liquid petroleum products.

The world practice has proven that flexi-tanks are a more economical solution than tank-
containers, barrels, IBCs (intermediate bulk containers) or cisterns (Table 1). As is evident
from Table 1, loading 1 m® of a flexi-tank requires less time than loading the same volume, for
example, in cisterns, and therefore less time is required for the operation of the transfer pump
and operators, respectively, electricity costs and operator wages are reduced. Using flexi-
tanks reduces transportation and equipment rental costs, there is no need to pay for the return
of the tank container or cistern, there is no need to clean the flexi-tank after unloading.

Table 1
Comparison of loading times for flexi-tank, IBC (per 1 TEU), barrels
(per 1 TEU), tank container and cisterns

Ne Parameter Flexi-tank | IBC | Barrels corlﬁl;ilr(ler Cistern
1| landard 150 container unfs 1| 18| & - -

2 | Total capacity, m? 24 ~18.0 | ~16.0 ~24.0 ~60.0 *
3 | Loading time, minutes ~30 ~120 >120 ~30 ~120%
4 | Loading time per 1 m?, minutes ~1.25 ~6.7 ~7.5 ~1.25 ~2.0
5 |Capacity per 1 cargo space, m? ~24.0 1.0 0.20 ~24.0 ~60.0

* Dypical loading — 18 IBCs of 1000 liters; a maximum of 20 units can (fit.
* Estimated capacity of a railway cistern; a tanker truck typically has a capacity of ~30 m?>.
* For a large cistern with a capacity of 70 m> 2 hours is the assumed filling time; smaller
volumes may load faster.

Source: developed by the authors based on [12-16].
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It should be noted that flexi-tanks also have disadvantages: pumps are required for
loading, flexi-tanks cannot be used in refrigerated containers. But despite this, flexi-tanks
are a profitable alternative to barrels, IBCs, tank containers, and cisterns, especially in
conditions of shortage of the latter. The widespread application of these technologies
reduces the time and costs for cargo owners.

Of course, for such transportation, appropriate safety conditions must be met:

— drivers must undergo appropriate training and obtain a certificate,

— vehicle must be equipped with fire extinguishing equipment and other equipment
in accordance with the requirements,

— periodic inspection of the integrity and degree of wear of flexi-tanks,

— use of duplicate layers to avoid fuel spillage beyond the container, vehicle body, etc.

In addition, it is necessary to consider the regulatory influence of the state on
the importation and delivery of petroleum products under current conditions. This is
particularly relevant to the detection of smuggling and counterfeit goods, which can
not only cause economic losses but also pose threats to national security. The problems
that arose at the beginning of the war during customs clearance of goods were related
to the insufficient amount of time allocated for thorough document verification.
Since customs clearance of cargo is limited to only four hours, customs officers
faced difficulties in detecting falsifications, especially in cases where there were no
obvious signs of forgery. During the customs clearance process, the customs authorities
conducted document verification, including through requests to competent authorities
of foreign states. In 2022-2023, numerous requests were sent to foreign authorities
regarding the authenticity of documents and the country of origin of petroleum products.

Energy security is one of the key components of the national security of the state. The
Law of Ukraine No. 3484-1X "On Minimum Stocks of Oil and Petroleum Products," which
entered into force on December 24, 2024, is an important step towards implementing
European standards in energy policy. Its adoption responds to the need to ensure the stability
of Ukraine's energy sector and compliance with the requirements of the European Union [17].
The law mandates the creation and maintenance of strategic reserves of oil and petroleum
products, which reduces risks associated with supply disruptions. This aligns with Directive
2009/119/EC, which requires EU member states to maintain minimum oil stocks equivalent
to at least 90 days of average daily net imports [18].

One of the key aspects of the law's implementation is the introduction of an electronic
reporting system that provides real-time monitoring of reserves. Similar systems operate
in EU countries, including Germany and France, where they allow for effective control
over strategic reserves and rapid response to crisis situations [19].

For the implementation of the law's provisions, the Cabinet of Ministers of Ukraine
adopted Resolution No. 1455 dated December 20, 2024. This resolution establishes
mechanisms for the creation, management, and operation of the minimum oil stock
system. It regulates inventory accounting, procedures for their use, and the framework
for interaction between state authorities and market participants. An important factor
in the effective functioning of the system is the ability of the State Customs Service to
ensure uninterrupted customs clearance of oil and petroleum products. In this context,
the interaction of customs information systems with the electronic reporting system via
an API interface plays a key role, minimizing the risk of delays in energy supply.
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Further development of the system provides for its integration with international
standards and the improvement of stock management mechanisms, taking into account
best global practices.

The restoration of state market surveillance of non-food products in Ukraine, which
began on January 1, 2025, represents an important stage in regulating the import
of petroleum products. The key requirements for the unimpeded import of fuel include
compliance with the Technical Regulation, the availability of a declaration of conformity,
and a quality certificate marked with a conformity symbol. The study of this issue
is of great importance for assessing the impact of new regulations on the petroleum
products market, customs procedures, and the economy as a whole. The introduction
of new requirements may lead to delays in customs clearance of petroleum products
due to the need for additional inspections. According to Part 1 of Article 38 of the Law
of Ukraine No. 2735-VI [20], selective sampling mechanisms may be applied, which will
affect the speed of customs processing. On the one hand, this contributes to improving
fuel quality and consumer safety; on the other hand, it creates potential barriers for
importers due to the need to comply with the new requirements.

An important aspect is the efficiency of customs procedures and the adaptation
of businesses to updated regulations, which requires further monitoring and analysis.

Nevertheless, such a solution will significantly reduce the cost of transportation, road
congestion and shortage of diesel fuel supplies to Ukraine. The main advantage of such
technology is the ability to transport diesel fuel directly from the points of departure without
reloading, i.e. in a multimodal forwarding. But currently in Ukraine and the European
Union this type of transportation is not sufficiently regulated and, accordingly, is not
widely considered permitted, because diesel fuel is classified as dangerous goods (with
a low degree of danger), the transportation of which has separate regulations.

At the same time, the transportation of diesel fuel in flexi-tanks is permitted in Australia
and the countries of the Southern African Development Community (SADC) under special
permits for the mining industry and agriculture both in standard containers and in grain
truck bodies with a double (duplicating) layer for such flexi-tanks. Diesel fuel storage in
flexi tanks is also quite common in Canada in the agricultural and mining industries.

Several companies with significant experience and relevant certificates for
their products are involved in the production and supply of special flexi-tanks for
transportation and storage of diesel fuel — FTS Flexi-tanks systems (Republic of South
Africa), Musthane (France), Wiefferink (Netherlands) and others. That is, there is some
experience in their effective production and application.

To solve the task of forming a priority version of the infrastructure framework
of diesel fuel delivery schemes, various methods can be applied: both non-formalized
and formalized and weakly formalized. In the previous study, we proposed an algorithm
for modeling the infrastructure framework of cargo delivery schemes, which involves
the application of a certain sequence of a complex of various methods [10]. The proposed
algorithm involves the following sequence of stages:

1. At the stage of setting the research problem, i.e. formation of the possible options
for the infrastructure framework of cargo delivery schemes, it is proposed to apply non-
formalized methods (e.g. the morphological method or the collective idea generation
method), as well as formalized methods (e.g. statistical analysis methods). It is at this
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stage that the need to use specialized flexi-tanks for transporting diesel fuel is proven
and possible options for the infrastructure framework of the scheme for delivering
imported diesel fuel to Ukraine are formed.

2. At the stage of optimization, i.e. choosing a priority version for the infrastructure
framework of cargo delivery schemes, it is advisable to apply formalized methods, which
primarily include operations research methods (mathematical programming methods:
linear, integer and dynamic programming), as well as weakly formalized methods (e.g.
network planning methods and graph theory elements).

3. At the stage of analysis of the optimal variant of the infrastructure framework
of cargo delivery schemes, the application of empirical methods is proposed, namely,
a practical assessment of the adequacy of the obtained result.

The proposed algorithm can also be applied in this case to form the infrastructure
framework of the diesel fuel delivery scheme.

Conclusions. Modern conditions require effective transport and technological
solutions to substantiate the variants of schemes for the petroleum products delivery to
Ukraine, in particular diesel fuel. The possibility and advantages of applying specialized
reusable flexi-tanks for transporting diesel fuel in containers are proven. An algorithm
for forming the infrastructure framework of diesel fuel delivery schemes is proposed,
which involves the use of a complex of various methods. The impact of recent regulatory
changes on the import and customs clearance process of petroleum products has been
studied. In particular, the legislative amendments introduced special control procedures
for the import of fuel. These measures enhance oversight of imports and prevent the entry
of sanctioned or low-quality fuel into the market, while also requiring importers to adapt
to stricter rules and prepare additional documentation.
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Summary

Introduction. The tanker fleet plays a key role in the resource supply of the world's
leading countries. At the same time, a significant part of the tanker surfaces is in contact
with an aggressive environment, which leads to the course of corrosion processes and,
as a result, a decrease in the strength of metal structures. This, in turn, can lead to tanker
accidents and the risk of environmental pollution. Therefore, new hybrid paint coatings
are needed for the reliable operation of the surfaces of ship cargo tanks. Purpose.
Thus, the work aims to analyze the structure of polymer materials to create polymer
coatings with optimal composition intended for protecting the surfaces of cargo tanks of
bulk chemical tankers. Results. To create polymer coatings designed for the protection
of ship cargo tanks, the ED-20 epoxy oligomer was selected as a binder, which was
cured with hardeners based on aliphatic amines, in particular: polyethylene polyamine
(PEPA), triethylenetetramine (TETA), canine 2609. The optimal content of ingredients
for creating a hybrid epoxy coating was determined based on comprehensive studies
of the structure and properties. To create a hybrid coating with optimal functional
properties, it is advisable to use as a binder — epoxy oligomer ED-20 (100 pts.wt.),
hardener polyethylene polyamine (10 pts.wt.), polyurethane varnish UR 294 (5-10 pts.
wt.). Conclusions. Studying the structure and properties of the created materials made
it possible to rationally combine the ingredients to obtain a hybrid coating with optimal
properties. Based on the analysis of the obtained X-ray diffraction patterns of the
studied samples, it was found that when polyurethane varnish UR 294 is introduced

© Sapronov 0.0., Demchenko V.L., Danylenko D.O., Sapronova A.V., 2025

151



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

in an amount of (5-10 pts.wt.) into the composition of the epoxy polymer, the average
Bragg distance between the layers of molecular links of the epoxy polymer and PEPA
increases. At the same time, the impact strength increases from 7.0 kJ/m? (epoxy matrix)
to 11.1-12.0 kJ/m? (hybrid epoxy-polyurethane matrix). The developed hybrid polymer
coatings can be used to improve the operational characteristics of cargo tanks of bulk
chemical tankers.

Key words: ship cargo tanks, epoxy oligomer, polyurethane varnish, hybrid coating,
structure, impact strength.
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Anomauisn

Bcemyn. Tankepuuii hnom gidiepae karouo8y poib y pecypco3abesneueHti nposioHux
Kpain ceimy. Ilpu ybomy 3nauna yacmuna noGepxoHb MaHKepie KOHMAKMYE 3 aepecus-
HUM cepedosuuyem, wo npu3eo0ums 00 KOPOIUHUX NPOYeECi6 ma, AK HACAIO0K, SHUICEHHS
MiyHOCmi MemanokoHcmpykyitl. Lle ceo€ro uepeoro modice npuzeecmu 00 asapii MaHKie
ma pu3uky 3a0pyOHeHHs HABKOMUWHbO2O cepedosuwid. Tomy O0ns HadiiHoOI ekcniya-
mayii no8epxoHb CYOHOBUX GAHMANCHUX MAHKEPI6 GUHUKAE HEODXIOHICIb CIMEOPEHHS
HO8UX, 2iOpuonux nakoghapbosux noxpummis. Omoice, Memow pooomu € npo8eodeHHs.
auanizy CmpyKmypu noNMepHux Mamepianie 0sa CmeopeHts ONMUMAaibHUX 3a CKIA0OM
NONIMEPHUX NOKPUMMIG, NPUSHAYEHUX OISl 3AXUCMY NOGEPXOHL GAHMANCHUX MAHKIE
HAMUGHUX mankepig-ximososis. Pesynomamu. /{15 cmeopenHs nonimMeprHux noKpummis,
NPU3HAYeHUX OJIs 3AXUCTTY CYOHOBUX 6AHMAICHUX MAHKIB, Y AKOCTI 36 'A3y6aua 00pano
enokcudHuii onieomep EJ[-20, saxuii 3ameepodicysanu meepOHUKamu Ha OCHOGL aniga-
MUYHUX aMiHi8, 30kpema. noriemunennoniamin (I1EIIA), mpuemunenmempamin (TETA),
Ancamine 2609. Ha ocnogi KomniekcHUx 00CRi0NHCeHb CMPYKmMypu i 81acmusocmell
BUZHAYEHO ONMUMATILHULL BMICH [HEZPEOIEHMIE OISl CMBOPEHH S 2IOPUOHO20 eNnoKCUOHO-
20 nokpummsl. [ cmeopeHHs. ONMUMAaibHo20 3ad QYHKYIOHATLHUMU G1ACTNUEOCINAMU
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2i0pUOH020 NOKpUMMSsL OOYIIbHO BUKOPUCOBYBAMIL Y AKOCHI 36 513Y8a4d eNOKCUOHUL
onicomep E/[-20 (100 mac.u.), meeponux noriemunennoniamin (10 mac.u.), noniype-
manosuii 1ax YP 294 (5—10 mac.u.). Bucnosku. Jlocniodicenus cmpykmypu i 61acmu-
gocmeli CmMEOPeHUx Mamepianie 0ano 3mo2cy payioHaibHo NOEOHAmMU iHepedieHmu OJis
OMPUMAHHA 2IOPUOHO20 NOKPUMMSA 3 ONMUMALbHUMU éracmusocmamu. Ha ocHogi
AHANIZY OMPUMAHUX PEHMEEHIBCLKUX OUDPAKMOZpAM OOCTIONCYBAHUX 3PA3KIG BUs6LE-
HO, W0 npu 88ederi noniypemanosozo 1axy YP 294 y xinoxocmi (5—10 mac.y.) 0o ckna-
0y enoKcuoHo2o norimepy 8i00yeacmvpcs 3pocmanis cepeonvoi bpeeziscovroi iocmani
MIdHIC Wapamu MOReKYIAPHUX JTAHOK enokcuono2o noaimepy ma IEITA. [Ipu ybomy 6io0-
6ysaemocs niosuwents yoaproi 8 sizkocmi 3 7,0 xlc/m? (enokcuona mampuysy) 0o
11,1-12,0 kIorc/v? (2ibpudna enoxcu-noniypemarnosa mampuys). Pospobieni 2iopuoni
noniMepHi NOKPUMMA MOXCIUBO BUKOPUCTNOBY8AMU O/ RIOBUWEHHS eKCHIYAMAYIUHUX
Xapakmepucmuk 6aHmadCHUx ManKi6 HATUGHUX MAHKEPIE-XIMOBO3IE.

Kntouosi cnosa: cyonosi eanmasicHi mankuy, enoKCUOHUU olicomep, NoaiypemaHo-
8Ull 1aK, 2iOpuOHe NOKpUmms, Cmpykmypd, YO0apHa 8 si3Kichb.

Introduction. Tankers designed to transport oil and petroleum products play a stra-
tegic role and affect the resource supply of many countries. At the same time, bulk
chemical tankers transporting oil and petroleum products face the problem of corro-
sion destruction of cargo tanks. Corrosion destruction leads not only to a decrease in
the strength of structural materials but can also cause tanker accidents, lead to economic
losses, and pose a risk to environmental pollution and vessel safety [1].

Statement of the problem. During the operation of cargo tanks of bulk chemical tank-
ers, three main types of corrosion destruction are distinguished: general corrosion (the
presence of a uniformly distributed layer of rust on the metal surface, which is a con-
sequence of atmospheric exposure), pitting corrosion (the presence of deep defects in
the form of cavities or pits that develop on the horizontal surfaces of cargo tanks), pitting
corrosion (the presence of deep point damage, pitting) [2-4]. When transporting petroleum
products, the lower part of the tanks is in contact with the cargo. The most aggressive
component in crude oils is hydrogen sulfide (H,S). Hydrogen sulfide is corrosive to steel,
so pitting corrosion is possible. It should also be noted that high levels of free sulfur are
formed near the breathing valves of cargo tanks, where there is a greater chance of oxygen
entering. Sulfur, combined with water and oxygen, can lead to the formation of sulfuric
acid (similar to the formation of sulfur oxide in an inert gas), which in turn leads to pitting
corrosion in the lower part of the tank. Since the upper part of the tank is in contact with
the gaseous atmosphere, general corrosion is possible [5, 6].

Analysis of recent research and publications. The protection of the surfaces
of cargo tanks of bulk tankers from corrosion is generally a set of measures aimed
at preventing and inhibiting corrosion processes, preserving and maintaining their
performance during their operation. A combined method is the most effective method
of protecting metal structures from corrosion. According to the requirements of the IMO
(May 2010) [7], regarding the protection against corrosion of cargo oil tanks of tankers
for the transportation of crude oil, the combined method involves the use of alloying
elements for steels and the use of protective coatings, respectively. At the same time,
using protective coatings on a polymer basis is relevant, and the list of these is quite
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significant. Their use is due to high adhesive [8, 9], physical and mechanical [10, 11]
properties, and resistance to the influence of aggressive external factors [12-14]. There-
fore, when creating new polymer coatings intended to protect the surfaces of bulk chem-
ical tank cargo tankers, selecting ingredients and considering their structural features
and operating conditions is advisable.

Purpose: Analyzing the structure of polymer materials to create polymer coatings
with an optimal composition intended to protect the surfaces of cargo tanks of bulk
chemical tankers.

Presentation of the main material.

Materials and methods. To create polymer coatings intended for the protection
of the surfaces of cargo tanks of bulk chemical tankers, the following ingredients were
selected: binder-epoxy oligomer ED-20 (ISO 18280:2010), which was cured with vari-
ous hardeners based on aliphatic amines, in particular, polyethylene polyamine (PEPA),
triethylenetetramine (TETA), canine 2609. Among the most common hardeners (aro-
matic amines, acids, and anhydrides), aliphatic amines are characterized by an increased
polymerization reaction rate at room temperature, determining their choice for exper-
imental studies. Using aromatic amine hardeners, acids, and anhydrides involves ele-
vated temperatures and increased time needed for the thermal crosslinking process.

Polyethylenepolyamine PEPA (TU 6-05-241-202-78) is an amine-type hardener that
can cure materials at room temperature.

Triethylenetetramine TETA (TU 6-02-1099-83) is a cold-curing hardener that differs
slightly from PEPA in the presence of amide groups.

Ancamine 2609 (Zhuzhou Polymer Co., Ltd., China). The hardener does not contain
nonyl phenol. It is characterized by low viscosity, moisture resistance, and increased
reactivity at low temperatures (268 K).

Polyurethane varnish UR 294 (TU 6-10-1462-84) was used to improve
the properties of epoxy coatings. UR 294 results from the reaction of isocyanates
(R-N=C=0) with reactive water molecules or unstable hydrogen atoms. It is charac-
terized by resistance to the effects of dilute alkali solutions, weak acids, solvents, fuels
and lubricants, and gasoline.

The formation of polymer materials was carried out according to works [11-13], with
the following ratio of ingredients:

1) epoxy oligomer ED-20 (100 pts.wt.) + hardener polyethylenepolyamine (10 pts.wt.);

2) epoxy oligomer ED-20 (100 pts.wt.) + hardener triethylenetetramine (10 pts.wt.);

3) epoxy oligomer ED-20 (100 pts.wt.) + hardener Ancamine 2609 (10 pts.wt.).

The structural organization of polymers cured with different hardeners was studied
by wide-angle X-ray diffraction on an XRD-7000 diffractometer (Shimadzu, Japan),
the X-ray optical scheme of which was performed according to the Debye—Scherrer
method for the passage of the primary beam through the sample under study, using
CuK -radiation (A = 1.54 A) and a graphite monochromator [14]. The analyses were
performed by automatic step-by-step scanning in the U = 30 kW, / = 30 mA mode in
the scattering angle range (20) from 3.0 to 40 degrees, the exposure time was 5 s. The
temperature of the studies was T = 29342 K.

The surface images of the samples were taken on a scanning electron microscope
REMM-102 AT SELMI manufactured in Sumy (Ukraine) (magnification X800 times,

154



PO3BUTOK TPAHCIIOPTY
Ne 2(25), 2025

operating voltage 15 kW) in the secondary electron mode. To obtain more precise infor-
mation about the morphology of the fracture surface, the test samples were coated with
carbon, and the coating thickness was 10—20 nm before the study.

Analysis of properties and structure of polymer materials. Based on the analy-
sis of wide-angle X-ray diffraction patterns of the starting materials, it was found that
the studied epoxy matrices polymerized with different hardeners have an amorphous
structure (Fig. 1). According to the ratio of ED-20 + PEPA used when obtaining a net-
work polymer, the central diffraction maximum (20~ 18.1°) indicates the existence
of a close order during the translation in space of fragments of interstitial molecular
links of ED-20, and the secondary maximum (20 __ = 5.4°) is characteristic of the PEPA
hardener. The average value of the period d of close ordering of both types of interstitial
molecular links (the average distance between the layers of these links in the volume)
was determined according to the Wolf—Bragg equation:

d=A(2sin0 )",
ne A — the wavelength of characteristic X-rays (A = 1.54 A for CuK - rays), are 4.89 A
and 16.34 A, respectively.

The use of other hardeners (TETA and Ancamine 2609) during thermal crosslinking
of the epoxy binder ED-20 provides a shift of the central diffraction maximum in inten-
sity, which characterizes the features of the ED-20 structure to the region of smaller
angles from 20 = 18.1° (for the hardener PEPA) to 20 = 17.8° (for the hardener
TETA) and 20~ 17.6° (for the hardener Ancamine 2609). This indicates that as
a result of the formation of epoxy polymers using different hardeners, the average Bragg
distance between the layers of molecular links of the epoxy matrices is:

—d~4.89 A — for PEPA hardener;

—d~4.97 A — for TETA hardener;

—d=5.03 A — for Ancamine 2609 hardener.

L. relunits.
800 -

600
400 +

200 +

0 5 10 15 20 25 30 35 40
26, deg.

Fig. 1. Wide-angle X-ray diffraction patterns of epoxy samples cured with PEPA (1),
TETA (2), and Ancamine 2609 (3)
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It should be noted that when using different hardeners, the low-intensity diffraction
maximum, which characterizes the features of their structure, has a different angular posi-
tion. Accordingly, the average distance between the layers of PEPA units in the polymer
volume is 16.34 A, for TETA and Ancamine 2609 this value is 17.24 A, respectively.

Thus, from the obtained results, it is possible to conclude that the smaller the average
Bragg distance between the macromolecular chains of the epoxy resin during its curing,
the greater the packing density of the macromolecular chains of the polymer. Therefore,
a polymer matrix based on the epoxy oligomer ED-20 (100 pts.wt.) and the hardener
PEPA (10 pts.wt.) was chosen for further experimental studies.

Analysis of the fracture surface of the polymer matrix at different magnifications
(Fig. 2, a, b) allowed us to identify the mesh structure of the matrix, characterized by
the uniformity of the facets. This indicates a uniform distribution of internal stresses
and, consequently, the stability of the operational characteristics of such materials.

Fig. 2. Morphology of the epoxy matrix based on the epoxy oligomer ED-20
(100 pts.wt.) and the hardener PEPA (10 pts.wt.)

It should be noted that polymer coatings based on epoxy binders are characterized
by improved adhesive and physicomechanical and stable chemical properties, which
allows them to be used to protect vehicles, including the surfaces of cargo tanks of bulk
chemical tankers. However, such coatings may contain structural defects in the form
of pores. Such defects lead to the absorption and migration of water molecules and other
substances (including oil product molecules) at the “coating-substrate” interface, which
leads to corrosion of metal surfaces and delamination of coatings. In this case, the bar-
rier characteristics of epoxy coatings can be improved by including a second phase,
a liquid phase (in the form of a polyurethane binder), which reduces or inhibits the dif-
fusion process of oxygen and molecules in an aggressive environment. Such an effect is
associated with forming physical interpenetration of dissimilar binders without forming
covalent bonds between polymer networks. At the same time, the polyurethane coating
is characterized by low resistance to aggressive environments, particularly oil products.
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The development of hybrid coatings based on epoxy and polyurethane binders is rele-
vant to ensure barrier protection of the surfaces of cargo tanks of bulk chemical tankers.
Therefore, at the next stage, the features of the change in the structure of polymers based
on the epoxy binder ED-20 and the hardener PEPA, into the volume of which polyure-
thane varnish UR 294 was introduced in different mass ratios, were studied.

Based on the analysis of wide-angle X-ray diffraction patterns of the studied samples
(Fig. 3), it was found that when ¢ = 5 pts.wt. and ¢ = 10 pts.wt. of polyurethane var-
nish UR 294 were added to the volume of epoxy polymer, a shift was observed in both
the main and secondary diffraction maxima in intensity, which characterize the structure
of epoxy resin ED-20 and hardener PEPA, to the region of smaller angles (Fig. 3, curves
1-3). At the same time, the average Breg distance between macromolecular chains
tends to increase for ED-20 from 4.89 A (0 pts.wt.) to 4.92 A (5 pts.wt.) and 5.00 A
(10 pts.wt.), and increases significantly for the PEPA hardener from 16.34 A (0 pts.wt.)
to 17.7 A (5 pts.wt.) and 18.78 A (10 pts.wt.).

L. relunits. !
1000 -

800+

0 5 10 15 20 25 30 35 40
29, dez.
Fig. 3. Wide-angle X-ray diffraction patterns of epoxy polymer (1) modified with
polyurethane varnish UR 294: 5 pts.wt. (2), 10 pts.wt. (3), 15 pts.wt. (4),
20 pts.wt. (5), 25 pts.wt. (6), 30 pts.wt. (7)

Further, an increase in the content of polyurethane varnish (¢ = 15-30 pts.wt.) in
the epoxy polymer composition leads to a decrease in the average Bragg distance
between the layers of ED-20 and PEPA molecular units compared to the sample con-
taining 10 wt. parts of filler (Fig. 3, curves 4-7, table 1).

Table 1
Breg distance between molecular units of samples

The content of UR 294 in the volume of the epoxy | , deg. d,A |20 ,deg. | d,A
matrix, q, pts.wt. w’ (ED-20) | (ED-20) |(PEPA)
0 18.1 4.89 54 16.34
5 18.0 4.92 5.0 17.70
10 17.7 5.00 4.7 18.78
15 17.9 4.95 5.1 17.32
20 17.9 4.95 5.1 17.32
25 18.1 4.89 5.1 17.32
30 18.2 4.86 5.1 17.32
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Thus, by changing the content of polyurethane varnish UR 294 in the volume
of the epoxy matrix, we observed a change in the structure and, therefore, the physical
and mechanical properties of hybrid epoxy-polyurethane coatings (Fig. 4).

It is proven that the introduction of polyurethane varnishes UR 294 at a content
of g = 5-10 pts.wt. provides a monotonic increase in impact strength from W = 7 kJ/m?
to W = 11.1-12.0 kJ/m? It was assumed that polyurethane varnish UR-294, which
has isocyanate groups (R-N=C=0), can interact with the epoxy oligomer's hydroxyl
groups, which increases impact strength by 1.5-1.7 times. The increase in mechanical
characteristics is primarily associated with chemical interaction, which affects structural
changes — a change in the length between the layers of molecular links consistent with
the results of wide-angle radiography (Fig. 3).

W, kJ/m?

11.0
10.0
9.0

8.0

7.0

D
«

T TR RRIN RN RN R
50 100 150 200 250 @, pstwt.

0 |

Fig. 4. Dependence of the impact strength (W) of the hybrid polymer matrix
on the content of polyurethane varnish UR-294

The following was observed when forming experimental samples with different poly-
urethane varnish contents. Unlike epoxy samples with a content of ¢ = 5-15 pts.wt. of UR
294, which were polymerized at room temperature 7 =293 K for t = 12 h, samples with
a content of q = 20-30 pts.wt. of UR 294 were partially polymerized (under the same
conditions). The obtained effect can be explained by the fact that polyurethane varnish
UR 294 at an increased content prevents the hardening of the epoxy binder. This is due
to the presence of flexible polymer macromolecules and chain segments in the molecular
structure and the structure of the branched chain. Thus, the contact area between the epoxy
ring and the hardener is reduced, so the complete hardening of the polymer occurred after
thermal treatment under previously established temperature-time conditions [11-13].

Additionally, the nature of the microfracture of the surface of hybrid epoxy-polyurethane
materials was analyzed (Fig. 5). The fracture surface of samples characterized by maximum
impact toughness values was previously investigated (Fig. 5, a, b). A curved fracture trajec-
tory of hybrid epoxy-polyurethane materials was established, which indicates an increase
in the time and resistance to fracture under the influence of impact loading [15]. It was
assumed that under the influence of an external load, the main epoxy chain deforms under
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f)

Fig. 5. Type of epoxy composites microfracture with different polyurethane varnish
contents UR-294, g, wt. parts: a) 5.0; b) 10.0; ¢) 15.0; d) 20.0; ¢) 25.0; f) 30.0
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the action of the applied force. Then, the interpenetrating chain of the polyurethane varnish
provides a partial plasticizing effect. The synergistic effect in the form of rigidity (epoxy
chain) and moderate plasticizing action (polyurethane varnish chain), when reaching maxi-
mum stresses in the polymer, provides rapid formation and growth of internal defects until
the moment of fracture. In this case, a fracture surface was observed with areas of loose
origin with a complex heterogeneous structure (Fig. 5, a, b).

Meanwhile, hybrid epoxy-polyurethane materials with a higher content of polyurethane
varnish UR-294 (Fig. 5, c-f) showed a more gentle fracture. This is due to the ratio of epoxy
binder and polyurethane varnish. In this case, the increase in the plasticizing effect of the pol-
ymer is directly related to the yield point, the decrease of which provides elastic-plastic
deformation. At the same time, the fracture surface of such materials is characterized by
structural heterogeneity and leads to a rapid, viscoelastic fracture in the region of maximum
stresses. This affects the strength characteristics of hybrid materials.

Conclusion. Based on studies of the structure of epoxy matrices polymerized with
various amine hardeners, it was found that to improve the operational and repair char-
acteristics of the surfaces of cargo tanks of bulk chemical tankers, it is advisable to
use a polymer matrix based on the epoxy oligomer ED-20 (100 pts.wt.) and the hard-
ener PEPA (10 pts.wt.). Analysis of the morphology of the polymer matrix allowed us
to identify its homogeneity. In such materials, the smallest (among the studied matri-
ces) average Bragg distance between the layers of molecular links of the matrix was
observed — d = 4.89 A. This indicates a densification of the polymer network, which
provides improved material characteristics.

The mechanical strength and fracture pattern of epoxy matrices modified with poly-
urethane varnish UR-294 under impact loading were studied. It was found that the max-
imum impact strength value — W = 12.0 kJ/m? is characteristic of hybrid coatings
containing epoxy oligomer ED-20 — 100 pts.wt., hardener polyethylenepolyamine —
10 pts.wt., polyurethane varnish UR 294 — 10 pts.wt. Microfracture analysis of hybrid
epoxy-polyurethane materials obtained using optical microscopy allows us to state that
the increase in impact strength is associated with the chemical interaction of isocyanate
groups of polyurethane varnish with hydroxyl groups of the epoxy oligomer. Due to
the presence of flexible macromolecules and branched polymer segments of polyure-
thane varnish UR 294 in the material structure, the contact area between the epoxy ring
and the hardener decreases, slowing the hardening process. A plasticizing effect of pol-
yurethane varnish is created, affecting cracks' growth and propagation. In this case,
the hybrid polymer's relatively high fracture energy is required for crack propagation.
This makes it possible to use the developed hybrid epoxy-polyurethane coatings to pro-
tect the surfaces of cargo tanks of bulk chemical tankers.
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